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ABSTRACT 

 
Title: The association between newly diagnosed Type 2 Diabetes Mellitus and Depression:  a 
hospital based, cross-sectional study in Chennai, India. 
Background: The prevalence of Type 2 Diabetes Mellitus and Depression are increasing 
globally, both as separate entities and as co-morbid conditions. Approximately 382 million 
people have Type 2 Diabetes Mellitus and 350 million have depression worldwide. Research 
has established the bi-directional relationship between the two conditions and studies have 
reported significantly higher rates of depression in patients with T2DM compared to those 
without. Increasing prevalences of both T2DM and Depression in the South-Asian population 
is a growing concern as both conditions are debilitating and bring the worst outcomes as co-
morbid conditions. These findings are however limited in the South-East Asian region and 
need to be further investigated. 
Objective: The main objective of the study was to assess the prevalence of depression in 
newly diagnosed Type 2 Diabetes Mellitus and the relationship between the two conditions 
and to identify other factors that may be associated with depression.  
Methods: The prevalence of unrecognized depression and undiagnosed Type 2 Diabetes and 
their association was assessed in Chennai, India using a cross-sectional design. Information 
on socio-demographic details, biochemical parameters  and anthropometry were collected. 
Depression was assessed using MADRS before the results of diabetes was made known to the 
subjects and investigator. 
Results: The study could not achieve the calculated sample size of 243. A total of 145 
subjects participated in the study. The prevalence of newly diagnosed Type 2 Diabetes 
Mellitus was found to be 22.8% (25.6% among males and 19.0% among females). According 
to MADRS, the prevalence of depression was found to be 28.3% (20.7% among males and 
38.1% among females). The prevalence of depression in the newly diagnosed diabetic 
subjects was 33.3%. Diabetes was found to have no association with depression in the present 
study. Only the divorced/widowed category of civil status had a significant association with 
depression after adjusting for both confounders and other competing exposures. 
Conclusion: A high prevalence of both depression and Diabetes was found in the present 
study. The proportion of depression in newly diagnosed diabetes was very high in this study 
population. Diabetes was not found to be a strong risk factor for depression, possibly because 
of the lack of statistical power. There is a need for further studies to investigate the etiology 
between Diabetes and depression. The results from the present study may indicate the need 
for regular screening for early diagnosis of the conditions and implementing preventive and 
treatment strategies aiming at the comorbidity of depression and Type 2 Diabetes Mellitus. 
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1.1 Country Profile – India  

 

 

                     
 

Figure 1.1 – Map of India 

 

India is a country known for its rich and varied cultural heritage. It is also one of the oldest 

civilizations (Indus Valley Civilization) in the world. India is the seventh largest country in 

the world, divided into 29 states and 7 union territories (Figure 1.1). Since its independence 

from the  British in 1947, India has achieved an all-round progress socio-economically. It is 

also self-sufficient in agricultural production and one of the emerging top industrialized 

countries of the world (1,2).   

 

Geography: 

The Indian peninsula covers an area of 32,87,263 sq.km and a coastline of 7,517 kms. The 

country occupies a major portion of the South-Asian sub-continent. The country has a mixed 

terrain with the mountainous region in the north, desert regions in the west, upland plain 
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(Deccan plateau) to the south and plain to rolling regions along the Ganges and Indus rivers 

(2,3).  

 

Education 

India has shown a significant progress in the education sector since independence. However, 

there are still several milestones to be achieved. Post independence in 1947, the literacy rate 

in India was just 12.2% (4). Child labor (children working between the ages of 5-14) still 

continues to pose a challenge for the Indian Government. In 2001, there were around 12.6 

million working children in India (4). As of April 1, 2010, the ”Right to Education” Act 

came into effect making a drastic decline in the number of working children,  reducing it to 

4.3 million in 2011 (4). According to the 2011 census, India has an overall literacy rate 

(aged 15 and over who could write and read) of 74.04%, with 82.14% for males and 65.46% 

for females (2).  

 

Government and Politics: 

India is considered to be the largest practicing democracy in the world. The Constitution of 

India came into force on January 26, 1950. New Delhi is the capital of India. The Indian 

Government is a Sovereign Socialist Secular Democratic Republic with a Parliamentary 

system of Government. The Central Government is divided into three main sections, namely 

the, 

1) Executive – responsible for passing the laws made by the Legislature 

2) Legislature/Parliament – responsible for making the laws 

3) The Judiciary system – responsible to solve conflicts between the executive and 

Legislature. It is also responsible for conflicts or matter related to the general public. 

The President is the Head of the State; the Prime Minister is the Head of the Government 

and runs the office with the support from the Cabinet Ministry (Council of Ministers) (5). 

Similarly, each state is run by a Chief Minister with a Council of Ministers. 

 

People and Demography: 

India exhibits one of the highest demographic heterogeneities of the world. The Indian 

population is comprised of 72% Indo-Aryan, 25% Dravidian and 3% of Mongoloid and 

other ethnic groups (1). The Constitution of India has recognized 22 different languages 

spoken in different states as official languages. 
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India, similar to other developing countries has shown a major demographic transition in the 

recent decades. This is directly related to urbanization and industrialization. India is the 

second most populous country in the world. According to the 2014 census, the Indian 

population stood at approximately 1.24 billion (6). The sex ratio as per 2011 data is 0.94. 

The life expectancy is 65.8 years for men and 68.1 years for women (2). About 31.1% of the 

total population live in the urban area (6). As per 2011 census, child population in the age 

group 0-6 stands at 164.5 million. 28.4% of the total population lie between the ages 0-14 

and only 8.3% are above 60 years old making it one of the youngest populations of the 

world with a median age of 27.3 years (1,7). 

 

Health 

India has achieved notable progress in the health status since gaining independence. There 

has been significant reduction in infant mortality rate and crude death rates and life 

expectancy has doubled. The country has seen major transitions in nutritional status, fertility 

and mortality rates, economic growth, etc.,.. This in turn has resulted impacting the health 

profile of the country. Despite being one of the fastest growing economies of the world, the 

Indian health indicators are one of the worst among developing countries. 

 

The Total Mortality Rate (TMR) has declined since the 1920s, standing at a 7.32 

deaths/1000 population in 2012, while the Infant Mortality Rate (IMR) remains high with  

44 deaths/1000 live births in rural areas and 27 deaths/1000 live births in urban areas (7–9). 

A decline in total fertility rate has also been recorded over the years going from 6.0 

births/woman in 1966 to about 2.4 births/woman in 2011 (10). Over the years, India has 

seen a steady decline in Maternal Mortality Rate (MMR). The major factor contributing to 

this decline is the education level of women, enhancing the womens ability to  access health 

care resources, including skilled attendants at birth directly reducing the number of maternal 

deaths during pregnancy and childbirth. The MMR has reduced from 538 deaths/100,000 

live births in 1991 to 174 deaths/100,000 live births in 2015. Similarly, Under Five 

Mortality Rate (U5MR) has declined from an estimated level of 125/1000 live births in 1990 

to 49/1000 births in 2015 (1,7). 

 

For almost a century now, Indian National Programs have worked to control most of the 

communicable diseases. Till date, India has been able to eradicate small pox, guinea worm, 

polio amd yaws. Despite the effort to control, certain infectious diseases like diarrhoeal 
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diseases, tuberculosis (TB), malaria and respiratory infections continue to contribute to 30% 

of all the deaths in the country (Figure 1.2). 58% of the deaths between the ages 5-14 are 

also due to infectious diseases (11). Diseases like TB, malaria and visceral leishmaniasis are 

far from being controlled. In addition, there have been recurrent outbreaks of dengue fever, 

typhus fever and Chikungunya. India continues to be the country with the highest burden of 

TB with an estimated incidence of 2.2 million cases in 2014 (12,13). In 2013, the adult 

prevalence of HIV was about 0.3% (2.1 million people) making India the third largest 

epidemic in the world (14). The incidence of cholera outbreaks have declined but not fully 

controlled. India also contributes to 77% of total malarial cases in South-East region, with 

an estimation of about 2 million people with malaria (15).  

 

 

Figure 1.2 – Causes of death by communicable diseases in India, WHO, 2010 (16) 

 

 In addition to already existing and re-occurring infectious diseases, the country has seen a 

gradual shift to, and accelerated rise in chronic non-communicable diseases (NCDs) like 

cardiovascular diseases (CVD), chronic obstructive pulmonary disease (COPD), cancers, 

diabetes, mental health disorders and injuries. Some of the contributing factors to this shift 

include industrialization, urbanization, life-style modifications, socio-economic 

development and changing age-structure. NCDs contribute to about 40% of all hospital stays 

and 35% of all out-patient visits in the country (13). 
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Transitions and their consequences on health 

Urbanization coupled with rapid transitions in economy, lifestyle, nutrition and diet have 

had both positive and adverse effects on the Indian population. Some of the major 

transitions in India have lead to serious outcomes in the health sector affecting the 

population as a whole, but mainly impacting the urban population. 

 

Ø Urbanization  

Urbanization in India began increasing post-independence. As mentioned earlier, nearly 

31.1% of Indians live in the urban area, according to 2014 census.  The main causes of 

urbanization in India are: 

i. Economic opportunities and better life expectation in urban areas 

ii. Growth of the private sector 

iii. Infrastructure facilities in cities 

An increase in both urban population and migration to the urban areas coupled with 

increased prevalence of non-communicable diseases show that there is a possible 

relationship between urbanicity and NCD risk factors. Exposure to an urbanized 

environment results in lifestyle modifications like increased smoking and alcohol 

consumption, low physical activity due to better transportation systems, modernized and 

mechanized lifestyle, nutrition imbalance, stress etc.,. which in turn are significant risk 

factors in the development of non-communicable diseases (17,18).  

 

Ø Economic Transition 

The Indian economy is the seventh-largest in the world by nominal GDP and the third-

largest by purchasing power parity (PPP). According to the World Bank and the 

International Monetary Fund, the country has had an average growth rate of over 7% in the 

past two years and is one of the fastest growing major economies in the world (19,20). The 

Indian economy has a wide spectrum encompassing modern agriculture, traditional farming 

in the villages, a huge range of industries etc.,. Major economic growth in the country come 

from the information technology sector, business outsourcing services and software workers, 

contributing to about 54.4% of the Gross Domestic Product (GDP). According to 2015 

estimates, the GDP per capita was $6,300. Despite being a fast growing economy, India 

faces a restriction and is slowed down by factors like inefficient power generation and 

distribution system, inadequate transport and agricultural infrastructure, limited non-

agricultural employment opportunities, accommodating rural-to-urban migration, inadequate 
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education and health systems and many more. The country continues to have an increased 

rate of unemployment, estimated at 7.1%, putting 29.8% of the population below poverty 

line (1). 

 

The Indian health care system is not free of cost. Most of the expenses are paid by patients 

and their families, pushing 60% of the Indian families below poverty line (21). Only about 

1.04% of the country’s GDP is spent on health care by the Government (7,22). The private 

health sector is responsible for 70% of the households in urban areas and 63% in rural areas 

causing a burden on households to maintain basic standard of living (23). The increased 

burden of heath-care debt results in poor treatment adherence, increased physical and mental 

stress etc.,. The Government of India is working to create an improved health care 

infrastructure, provide drugs and equipment and expand the healthcare workforce. However, 

the path to achieving a good health care system, accessibility and affordability to it seems to 

be long and requires combined efforts from different sectors. 

 

Ø Nutritional and Lifestyle Transition 

Along with increasing urbanization and economic transition, India is also facing nutritional 

transitions resulting in diet-related non-communicable diseases. People exposed to urban 

environments have shown drastic transitions in lifestyle and nutrition. Dietary transitions in 

the recent years have shown a decrease in energy derived from carbohydrates and increase 

in energy derived from fats (24). This is in direct relation to decreased consumption of 

coarse cereals, fruits and vegetables and instead, increased intake of meat products and salt. 

Also, economic growth  has enabled consumers to afford varied ”westernized diets”. In 

addition, maternal nutritional deprivation leads to low-birth weight infants which coupled 

with ”catch-up-growth” in early childhood leads to obesity and predisposition to NCDs (24). 

Transitions in diet, along with decreased physical activity or a sedentary lifestyle have 

reported increased levels of obesity, metabolic syndrome, cardiovascular diseases and Type 

2 Diabetes Mellitus among Indians. 
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1.2 Background 
Non-communicable  Diseases (NCDs) 

Ø Global Trends 

A non-communicable disease is defined as a medical condition that is neither transmissible 

nor infectious. They usually have a long duration and a slow progression. NCDs include 

cardiovascular diseases (CVDs), cancers, chronic respiratory diseases and diabetes. NCDs 

are the leading cause of death globally and contribute significantly to the global burden of 

diseases. NCDs cause more deaths than all others causes combined together. They have 

been accounted to have the worst impact on low-to-middle income countries (LMICs) (25). 

NCDs are projected to become the most common cause of death by 2030 surpassing all 

other causes of death (communicable diseases, maternal, perinatal and nutritional). 

 

According to World Health Organization (WHO), in 2012, 38 million/56 million deaths  

(68%) were due to NCDs.  Nearly, three-quarters of the deaths occured in LIMCs. Over 

80% of the cardiovascular and diabetes related deaths, and 90% of the chronic obstructive 

pulmonary disease (COPD) occur in LMICs. NCDs are also often associated with older age 

groups, but 16 million of all deaths were caused by NCDs before 70 years of age and 82% 

of the 16 million deaths occurred in LMICs (25). NCDs also account for about 48% of 

Disability Adjusted Life Years  (DALYs) globally. According to WHO estimates, NCDs 

will cause about 52 million deaths by 2030 and will also be responsible for three times as 

many DALYs in the LMICs (26). 

 

NCDs are caused by a combination of modifiable and non-modifiable risk factors. 

Behavioral risk (modifiable) factors contribute to the increased deaths caused by NCDs 

around the world. A large number of NCDs can be preventable by taking measures against 

the following four behavioral risks, namely, tobacco use, alcohol abuse, unhealthy diets and 

decreased physical activity. According to 2008 WHO estimates, the prevalence of daily 

tobacco smoking in India was 25.1% for males and 2% for females. Also, there was a 14% 

prevalence of physical inactivity; 10.8% in males and 17.3 % in females (6).  

 

Ø Indian Scenario 

In India, a large low-middle income country, NCDs have become one of the major 

contributors to increased burden of diseases, morbidity and mortality. NCDs were 
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responsible for 60% of the all causes of deaths in 2014, CVDs accounting for 26%; cancers 

for 7%; diabetes for 2% and respiratory diseases for 13%; and other NCDs for 12% (Figure 

1.3%) (6).  

	
	

Figure 1.3 - Causes of deaths in India, WHO, 2014 (6) 

 

Demographic transition and heightened risk for acquiring NCDs in India have also pushed 

the out of pocket expenditure for NCDs from 31.6% in 1995-96 to 47.3% in 2004. Major 

portion of the expenditure was used for diagnostic tests for NCDs, medical equipments and 

purchasing medications. It was found that 25% of the households with a member with CVD 

and 50% of the families with a member with cancer experienced catastrophic expenditures 

leading almost 10% and 25% respectively, of the families below poverty line due to 

healthcare expenditures (27). Prevention and control of NCDs require different government 

sectors to co-operate and find a comprehensive approach to reduce the risks associated with 

NCDs. The necessary steps need to based on population-based services aimed to promote 

health, act on social determinants of health along with individual services.  
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Percentage of population living in urban areas: 31.3%

Income Group:  Lower middle Population proportion between ages 30 and 70 years:  40.1%

Premature mortality due to NCDs*

2 % .

Adult risk factors 
males total

Current tobacco smoking (2011) 25% 15%
Total alcohol per capita consumption, in litres of pure alcohol (2010) 8.0 4.3
Raised blood pressure (2008) 21.3% 21.1%
Obesity (2008) 1.3% 1.9%

National systems response to NCDs

Has an operational NCD unit/branch or department within the Ministry of Health, or equivalent    es
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Has an operational policy, strategy or action plan to reduce the harmful use of alcohol es

Has an operational policy, strategy or action plan to reduce physical inactivity and/or promote physical activity es

es

Has an operational policy, strategy or action plan to reduce unhealthy diet and/or promote healthy diets es

Has evidence-based national guidelines/protocols/standards for the management of major NCDs through a primary care approach No

Has an NCD surveillance and monitoring system in place to enable reporting against the nine global NCD targets No

Has a national, population-based cancer registry No

* The mortality estimates for this country have a high degree of uncertainty because they are not based
on any national NCD mortality data (see Explanatory Notes).

World Health Organization - Noncommunicable Diseases (NCD) Country Profiles , 2014.

2.4%

Total population:  1 240 000 000
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Type 2 Diabetes  Mellitus (T2DM) 

Ø Overview – Definition, Classification 

Definiton: Diabetes Mellitus (DM) is defined as  a chronic condition, a disorder of 

metabolism characterized by increased concentration of blood sugar levels (hyperglycemia) 

caused by either i) insufficient secretion  of insulin or ii) resistance to insulin action or iii) a 

combination of both i) and ii). Chronic hyperglycemia results in long-term damage of 

various organs, mainly, the eyes, kidneys, blood vessels, nerves and the heart. 

 

Classification: According to the American Diabetes Association (ADA), DM can be 

classified into (28), 

1. Type 1 Diabetes: juvenile-onset type of diabetes due to cellular mediated β-cell 

destruction resulting in insulin deficiency. It accounts for about 5-10% of the 

diabetics. 

2. Type 2 Diabetes Mellitus (T2DM): adult-onset type diabetes due to insulin resistance 

predominantly with relative insulin deficiency. It accounts for about 90-95% of those 

with diabetes. 

3. Other types: includes those due to genetic defects of  β-cell dysfuntion, genetic 

defects of insulin action, disease of exocrine pancreas, endocrinopathies, infections 

and others. 

4. Gestational Diabetes Mellitus (GDM): any degree of glucose intolerance that has its 

onset or is recognized during pregnancy. Prevalence varies from 1-14% depending 

on the population studied. 

 

Ø T2DM - Risk Factors and  Diagnosis   

Risk Factors: The etiology of T2DM is complex, and involves interactions of both genetic 

factors and environmental factors. It is presumed that when a susceptible genotype is 

superimposed by a diabetogenic lifestyle, T2DM develops. The risk factors for T2DM can 

be classified into modifiable and non-modifiable factors: 

 

1. Non-modifiable factors: 

Age: Prevalence of T2DM increases with age. In affluent countries, T2DM is found to 

develop in middle to older age groups. However, in developing countries like India, T2DM 

occurs in lower age groups as well (29). It is found that in the Indian population, T2DM 

peaks at 60-69 years of age (30). However, the prevalence of T2DM in persons under age 44 
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years increased form 25% in 2000 to 36% in 2006 (31). Thus, T2DM seems to be affecting 

both the younger and older population increasingly by the years. 

 

Family History: T2DM is associated by strong familial influences (Table 1.1). These risks 

are increased if the family member who is affected had early onset of T2DM (32).  

 

Table 1.1 – Lifetime risk of T2DM with a family history 

 

Family History Lifetime Risk 

No family history 10% 

One parent with T2DM 30% 

A sibling with T2DM 40% 

Both parents with T2DM 70% 

A twin with T2DM 90% 

 

Ethnic Background: People with Pacific Islander, Asian, Hispanic, native American and 

African descent have a higher risk to develop T2DM compared to caucasians (33). 

 

Gestational Diabetes (GDM): Glucose tolerance in women with GDM usually becomes 

normal post-delivery. However, women who develop gestational diabetes have a higher risk 

of developing T2DM later in life. GDM is more common among certain populations with a 

higher risk of T2DM. 

 

Polycystic Ovarian Syndrome (PCOS): The prevalence of PCOS is 6-14% and women with 

the disorder have an increased risk to develop metabolic abnormalities like insulin 

resistance. Studies have shown that women with PCOS developed IGT and T2DM more 

frequently than those without. The transition rate from Impaired Glucose Tolerance (IGT) to 

T2DM is accelerated in these women (34). 

 

Genes: The genetics of T2DM are complex and poorly understood. Studies show that the 

T2DM genetics involve several genes responsible for pancreatic β-cell failure and insulin 

resistance. There are dozens of common genetic variants that are associated with increased 

risk for T2DM, but the one with the strongest effect is transcription factor 7-like 2 
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(TCF7L2) gene. A variant of TCF7L2 is associated with T2DM in the Asian populations 

(35). 

 

2. Modifiable factors: 

Obesity: Being overweight or obese is the main risk factor for developing T2DM. By 

reducing obesity, there is a 50-75% risk reduction of developing T2DM. According to 

WHO, in 2008, about 10% of men and 14% of women around the world were obese (36). 

Over 90% of T2DM can be attributed to BMI over 22 (kg/m2) (32). The risk of T2DM rises 

progressively with increasing Body Mass Index (BMI). According to a study in Germany, it 

was found that both overall obesity and abdominal obesity increased the risk for developing 

T2DM (37). According to WHO, in India the overall prevalence of obesity in 2010 was 

found to be 1.9%; 1.3% for males and 2.4% fr females. The total prevalence of overweight 

in 2010 was 11%; 9.9% for men and 12.2 % for females and was  projected to rise to 31% 

for men and 29% for women by 2015 (38,39). 

 

Metabolic Syndrome (MS): Metabolic syndrome has become a major health problem 

worldwide. It is characterized by a cluster of  metabolic traits like high triglycerides (TGs), 

hypertension, visceral obesity, low high-density lipoprotein (HDL) and different degrees of 

glucose tolerance and insulin resistance. People with MS have a three to twenty fold risk for 

developing T2DM (40). 

 

Physical Inactivity: It is the fourth leading risk factor of global mortality with an estimated 

3.2 million deaths. It is a key risk factor in many NCDs like CVDs, cancer and diabetes. 

Globally, among those aged 15 and over, 31% of the population are inactive, with males 

contributing to 28% and women 34% (41).  In 2010, WHO estimated that the total 

prevalence of physical inactivity was 14% with 10.8% among males and 17.3% among 

females (38). Studies show that regular moderate physical activity reduced the risk of T2DM 

by 30% (42). 

 

Diet: A diet with a high fat intake rich in saturated fatty acids, low in  dietary fiber, whole 

grains, increased trans-fat and higher dietary glycemic load increases the risk of developing 

T2DM. Globalization and urbanization plays a major role in dietary transitions which result 

in higher risk for acquiring T2DM. The same trends are seen in India, for example: 

consumption of polished rice over coarse grains; reduced intake of cereals; increased intake 
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of meat products compared to fruits and vegetables; increased consumption of dairy 

products  and fat leading to increased risk of T2DM (43).  

 

In utero nutritional imbalance : Intrauterine exposure to diabetes is associated with 

increased risk for both diabetes and obesity in the offspring. A higher prevalence of T2DM, 

especially early onset, was seen among offsprings of diabetic mothers compared to non-

diabetic and prediabetic mothers (44). In utero exposure to increased concentrations of 

amino acids, glucose, lipids, ketones and other altered concentrations of nutrients may cause 

increased secretions of insulin leading to insulin resistance in the offspring. In addition, 

offsprings of diabetic mothers are also often large at birth leading to obesity in childhood 

resulting in increased risk for developing T2DM (44,45). Studies show that among 

offsprings born to a mother before and after the mother developed T2DM, those born after  

had a three-fold risk to develop T2DM compared to those born before (45). 

 

Diagnosis of T2DM: Initially, the diagnosis of DM was based on glucose criteria, either by 

Fasting Plasma Glucose (FPG) or 75-g Oral Glucose Tolerance Test (OGTT). In 1997, after 

established evidence, the diagnostic criteria was revised with the addition of using glycated 

haemoglobin  (HbA1c) as a marker for chronic glycemia. According to ADA, T2DM can be 

diagnosed by the following four ways  (Table 1.2) (28): 

 

Table 1.2 – Criteria for Diagnosis of T2DM 

1. HbA1c > 6.5%. The test should be performed in a laboratory using a method that is 

NGSP certified and standardized to DCCT assay* 

OR 

2. FPG ≥ 126 mg/dl (7.0 mmol/l). Fasting is defined as no caloric intake for at least 8 

hrs* 

OR 

3. 2-hr plasma glucose ≥ 200 mg/dl (11.1 mmol/l) during an OGTT. The test should 

be performed as described by WHO using a glucose load containing the equivalent 

of 75 g anhydrous glucose dissolved in water* 

OR 

4. In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a 

random plasma glucose ≥ 200 mg/dl (11.1 mmol/l). 
*In the absence of uniequivocal hyperglycemia , criteria 1-3 should be confirmed by repeat testing. 
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In certain individuals, glucose tolerance do not meet the criteria for T2DM, but are higher        

than normal. These intermediate states i,e.,. glucose levels in between normal and diabetes 

are further classified into different stages (Table 1.3) (46).  

 

Table 1.3 – Classification of Glucose Tolerance States 

 

State FPG level  

mg/dl (mmol/l) 

2-hr plasma glucose 

in OGTT 

mg/dl (mmol/l)* 

Impaired Fasting Glucose (IFG) 100 – 125 (5.6 – 6.9) < 200 (< 11.1) 

Isolated IFG 100 – 125 (5.6 – 6.9) < 140 (< 7.8) 

Impaired Glucose Tolerance (IGT) < 126 (< 7.0) 140 – 199 (7.8 – 11.0) 

Isolated IGT < 100 (<5.6) 140 – 199 (7.8 – 11.0) 

Combined IFG/IGT 100 – 125 (5.6 – 6.9) 140 – 199 (7.8 – 11.0) 

Normal Glucose Tolerance (NGT) < 100 (< 5.6) < 140 (<7.8) 
*Standard 75-g OGTT   

 

Ø Trends and Prevalences of T2DM – Worldwide, South-East Asia and India 

Worldwide: DM has emerged to be one of the most important and largest emergencies of the 

21st century. According to WHO, the global prevalence of Diabetes in adults was 9% in 

2014 (25). Approximately 5 million deaths were related to Diabetes in 2015 between the 

ages 20-79, accounting for 14.5 % of global all cause mortality. The estimation for the 

prevalence of T2DM in 2015, between ages 20-79,  in the seven IDF regions can be seen in 

Table 1.4 (47). 

 

According to IDF, the top 10 countries with the most number of people (in millions) with 

diabetes in 2015 are (47): China (109.6); 2. India (69.2); 3. USA (29.3); 4. Brazil (14.3); 5. 

Russian Federation (12.1); 6. Mexico (11.5); 7. Indonesia (10.0); 8. Egypt (7.8); Japan (7.2); 

Bangladesh (7.1). Despite these numbers being so large, as many as 193 million of those 

with diabetes are unaware of their disease, most of them being in the Africa, South-East 

Asia and  Western Pacific regions (47). 
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Table 1.4 – Prevalence of T2DM in the IDF regions, 2015 

 

IDF Region Prevalence 

North American and Caribbean 11.5% 

Middle East and North Africa 10.7% 

South and Central America 9.6% 

Western Pacific 8.8% 

South-East Asia 8.8% 

Europe 7.3% 

Africa 3.8% 

 

South-East Asian Region: T2DM is a huge global burden, threatening the lives of millions. 

The highest economic burden of T2DM is on the developing countries since more than 80% 

of the cases occur in these countries. It is estimated that 60% of	the	total	diabetic population 

will be of Asian origin in the next two decades (30).  

 

Data from International Diabetes Federation (IDF) showed that approximately 75 million of 

the 387 million diabetics globally live in the South-East Asian region and that the diabetes 

population in India, Bangladesh and Sri Lanka make up to 90% of the South-East Asian 

region’s diabetes population (47,48). In addition, 42.2 million in the region have IGT, with 

an increased risk of IGT developing into T2DM (47).  

 

The South Asian population have distinctive pathogenic factors that contribute to the 

increased diabetes prevalence in these countries (49). The major factors that have 

contributed to the increased prevalence of T2DM in Asian countries are i) urbanization; ii) 

socio-economic transition; iii) decreased thresholds for conventional risk factors like age, 

earlier onset of diabetes, increasing rates of obesity, decreased physical activity, higher rate 

of insulin resistance; iv) increased smoking and alcohol abuse; v) genetic pre-disposition 

(41,42). These factors play a significant role in the prevalence and mortality rates of T2DM. 

 

India:	 In India, the national prevalence of diabetes in adults (20-79 yrs) was estimated at  

8.63% (48). India has the second largest number of diabetic patients in the world after 

China. A large community study conducted by the Indian Council of Medical Research 
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(ICMR) showed that the south Indian states have a higher prevalence of T2DM compared to 

the states in the North (50). Despite having low BMI, Asian–Indians have a group of clinical 

and biochemical traits, referred to as the “Asian-Indian phenotype making them more 

susceptible to the development of T2DM (Figure 1.4) (51–53). A study done on neonates 

showed that Indian babies are born smaller but fatter compared to Caucasian babies (54). 

This “thin fat phenotype” in neonates persist through childhood ultimately making it a risk 

factor for Type 2 Diabetes in adulthood in this population (55). 

 

 
 

 Figure 1.4 -  Asian – Indian phenotype, Unnikrishnan et al, 2014 (53) 

  

Research shows that the prevalence of diabetes is rising among the urban population of 

India. From 1971 to 2000, a ten-fold increase has been seen in the prevalence of T2DM in 

India going from 1.2% to 12.1%, with major cities like Chennai showing a dramatic increase 

in the prevalence. The increase in the prevalence was seen in the rural population with a 

three-fold increase (56). This change could be attributed to the increased usage of motorized 
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transportation, better income and education resulting in improved SES and a shift in the 

Indian occupational structure. 

 

India being a nation with varied cultures and ethnic groups, makes it challenging to find an 

overall prevalence from all regions. A cross-sectional survey from 11 medium-large 

industries from various sites, showed a T2DM crude prevalence of 10.1% and IGT of 5.3%. 

The study was done among employees and their family members (N=10930). The 

prevalence was high among low-education group (11.6%) and among men (11.1%) (57). In 

developing countries, the highest prevalence of T2DM occurs in the urbanizing population. 

This is proved in India too. A study done among 1112 affluent urban Indians who were over 

30 years of age reported a prevalence of 21.1%. This was the highest prevalence found in 

any study in India. The highest prevalence (28.1%) was seen among respondents >40 years 

(58). In a population based cross-sectional study done in Puducherry, South India, among 

1013 undiagnosed urban and rural population, 10.3% of the subjects were found to be newly 

diagnosed with T2DM (59). In a rural area in Mysore, a cross-sectional study reported a 

8.21% of diabetes, out of which, 57.41% of the cases were previously diabetic and 42.59% 

were newly diagnosed. The study was conducted among adults (>40 years) on a Primary 

Health Care (PHC) area (60). 

 

Research in India shows that increasing life expectancy, sedentary life-style, 

industrialization and urbanization, consumption of high fat containing fast foods which leads 

to obesity, genetic pre-disposition have all been significant risk factors contributing to the 

increased number of T2DM cases. The above factors are the same as the predisposing 

factors for the increasing prevalence of T2DM in other South-East Asian countries. 

 

Depression 

Ø Overview - Definition, Classification  

Definition: Depression is a common mental disorder that presents with (i) depressed 

mood/sadness, (ii) loss of interest or pleasure in doing things, (iii) low-self worth or guilty 

feelings, (iv) decrease in energy, (v) disturbed appetite or sleep, (vi) decreased or poor 

concentrating abilities. Also, depression comes with symptoms of anxiety. Depressive 

disorders are the leading cause of disability worldwide and also a major contributor to the 

global burden of disease due to (i) early onset of depressive disorders (ii) they cause a 

reduction in people’s functioning and (iii) they are recurring (61,62). At its worst, 



 

23	

depression can result in suicide (63). Depression is a heterogenous condition with a course 

that is highly variable and inconsistent to treatment. 

 

Classification: According to the fifth edition of the Diagnostic and Statistical Manual of 

Mental Disorders (DSM-5) by the American Psychiatric Association, published in 2013, the 

depressive disorders can be classified into (64): 

 

1. Disruptive Mood Dysregulation Disorder: The onset is usually at a young age, 

usually before the age of 10 years with the children presenting a chronic and severe 

persistent irritability manifesting itself as (i) frequent temper outbursts and (ii) 

irritable or angry mood between the temper outbursts. 

2. Persistent Depressive Disorder/Dysthymia: Onset is usually in childhood, 

adolescence or early adult life. It presents itself as depressed mood for most of the 

day for at least two years, often with less serious or fewer symptoms than major 

depression. 

3. Premenstrual Dysphoric Disorder: Onset can occur at any time after menarche. The 

women with the disorder present mood imbalance, irritability, symptoms of anxiety 

and dysphoria in combination with or without behavioral and physical symptoms, 

usually presenting itself during the pre-menstrual phase of the menstrual cycle. 

4. Substance/Medication-Induced Depressive Disorder: A disorder that is associated 

with substance abuse like alcohol, illicit drugs or treatment drugs prescribed for any 

mental disorder or other medical conditions. The manifestations are similar to a 

major depressive disorder, however, the cause is due to ingestion or inhalation of a 

substance. 

5. Depressive Disorder Due to Another Medical Condition: The disorder usually 

features itself in the person  with an already existing medical condition. It is marked 

by persistent depressed mood or decreased interest or pleasure in all activities and is 

thought to be related to the physiological effects of another medical condition. 

6. Major Depressive Disorder (MDD): Onset can occur at any age, but likelihood of it 

usually increases with puberty. It presents itself with change in mood 

(irritability/sadness) accompanied by other psychophysiological changes. These 

changes  must last for at least two weeks affecting both work and family relations. 
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Ø Major Depressive Disorder – Pathophysiology. Diagnosis, Risk Factors 

Pathophysiology: Studies on the pathophysiology show that MDD is clearly a heterogenous 

disorder with several theories (65). Twin, family and adoption theories consistently show 

that MDD is almost entirely influenced by genetic factors, nearly 30-40% (66,67). However, 

there are no specific genes identified for MDD but a combination of complex genetic 

features. The monoamine-deficiency hypothesis has been one of the most widely researched 

areas for the pathophysiology of MDD. Monoamines are neurotransmitters and modulators: 

serotonin, dopamine, epinephrine and norepinephrine. According to this hypothesis, the 

deficiency of certain neurotransmitters in the brain lead to depressive symptoms (67).  Other 

theories include the hyperactivity of Hypothalamic-Pituitary-Adrenal (HPA) axis, in which 

complex interactions and feedback inhibitions of the hypothalamus, pituitary and adrenal 

glands are seen. According to this hypothesis, abnormalities in the response of cortisol to 

stress may underlie the development of depression (67). The brain cortex and amygdala in 

response to stress, makes hypothalamus release corticotropin-releasing-hormone (CRH) 

which further induces the release of adrenocorticotropin hormone (ACTH) by the anterior-

pituitary. Corticotropin then induces the adrenal gland to produce cortisol which by negative 

feedback suppresses the production of CRH and corticotropin. In depression, there is 

hyperactivity of the HPA-axis resulting in increased CRH, ACTH and cortisol production. 

The cortisol receptors are desensitized resulting in increased activity of the pro-

inflammatory mediators causing disturbances in serotonin and norepinephrine transmission. 

Cortisol, the stress hormone stimulates the production of glucose, increases lipolysis and 

free fatty acids, decreases insulin secretion and insulin sensitivity (68). Thus, increased 

plasma cortisol levels result in increased risk for insulin resistance, obesity, and ultimately 

Type 2 Diabetes Mellitus. Studies show that half of those with depression have a sustained 

elevation of plasma cortisol levels. However, researchers continue to investigate the exact 

mechanism behind the development of depression. 

 

Diagnostic Criteria: According to DSM-5, the diagnostic criteria (criterion A-C) for a 

single episode of MDD  are as follows (64): 

A. For the diagnosis of MDD, five (or more) of the symptoms must be present during a 

period of two weeks. The symptoms must also represent a change from the person’s 

previous functioning. Of the symptoms, at least one of them should either be (i) Depressed 

mood or (ii) loss of interest or pleasure. 
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1. Depressed mood most of the day, nearly everyday, as indicated by either subjective 

report or an observation made by others. In children and adolescents, this can be 

attributed to an irritable mood. 

2. Markedly diminished interest or pleasure in all or almost all activities most of the 

day, nearly everyday. 

3. Significant weight loss when not dieting or weight gain i,e., more than 5% change in 

body weight in a month. A decrease or increase in appetite nearly everyday.  

4. Insomnia (difficulty in falling asleep) or hypersomnia (sleeping more than usual) 

nearly everyday. 

5. Psychomotor agitation or retardation nearly everyday as observed by others. 

6. Fatigue or loss of energy nearly everyday. 

7. Feelings of worthlessness or excessive or inappropriate guilt (delusional) nearly 

everyday.  

8. Diminished ability to think or concentrate, or indecisiveness, nearly everyday, either 

by subjective report or as observed by others. 

9. Recurring thoughts of either death or suicide (with or without a specific plan), or 

attempts / specific plans of committing suicide. 

B. The symptoms cause a clinically significant impairment in social, occupational and other 

areas of functioning. 

C. The episode is not likely due to the physiological effects of a substance or another 

medical condition. 

D. The occurrence of a major depressive episode can’t be explained by any other psychotic 

disorders. 

E. There has never been a manic or a hypomanic episode. 

 

Risk Factors: As mentioned previously, MDD is a heterogenous disorder and has a highly 

variable course. It has no established pathophysiological course but several theories (67).  

However, studies show that it is a familial disorder, with 30-40% resulting from genetic 

influences and 60-70% contributed by non-genetic factors and gene-environment 

interactions (65,66). Depression results from an interaction of biological, psychological and 

social factors. According to WHO, some of the major risk factors of depression are (69): 

 

Gender: Depression is the leading cause of disabilities in both genders, however, the burden 

is more pronounced in the females. Women are found to have two to three times the risk of 
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depression compared to men (70–72). The prevalence of depression increased significantly 

in women between 40-49 years, while the highest prevalence was found to be in the 60-64 

years age group. In men, the highest prevalence is also reported to be in the same age group 

(72).  Maternal mental health has a significant role in the growth of an offspring during 

childhood. Maternal depression is found to be a risk factor contributing to poor growth in 

young children (73). This in turn increases the risk of depression in both the generations. 

 

Age: Formerly, depression was considered to be a disorder of the middle-aged and elderly. 

Recent studies, have reported early onset of depression. Research shows that adolescents 

and young adults have increased prevalence of depressive symptoms and ultimately 

depression as well (71). Thus, the risk of depression starts at a lower age group than the 

previously believed idea that it is a disorder of middle-old age. 

 

Poverty: Depression has been found to be associated with certain economic and social risk 

factors like (i) low income (ii) low socio-economic status, (iii) low education levels, (iv) 

unemployment (v) housing difficulties (74). Individuals belonging to a lower socio-

economic status compared to a middle- or high- economic status show a higher risk of 

developing depression (75). This was similar in both high income as well as middle-low 

income countries (72,76). Similarly, people with low education levels also show increased 

risk of being depressed. People who are unemployed, with low income or women who are 

homemakers show an increased risk of depression (77). 

 

Genetics: Major depressive disorder is a familial disorder influenced mostly or entirely by 

genes according to certain theories. Studies conducted of families show that depression is a 

result of complex genetic features rather than a single gene (67). The risk of depression is 

two to three times higher among family members (71). 

 

Traumatic Life Events: Traumatic incidents and stress in either personal, social or work life, 

or a combination of them has been linked to major depression (78). Loss in financial 

investments, death of loved ones, set-backs or failure in academic achievements, break ups 

in relationships/marriages, history of childhood trauma, exposure to violence at home and 

many others have all shown to have strong associations with depression (79). 
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Chronic Illness: Chronic health conditions like hypertension, coronary heart diseases, Type 

1 & 2 Diabetes Mellitus, chronic lung diseases, arthritis, cancer, cerebrovascular diseases, 

endocrinal or neurological diseases, metabolic disorders have all reported to be associated 

with the development of depressive symptoms and ultimately Major Depressive Disorder 

over the course of life (80,81). Studies show that the prevalence of depression is higher 

among those with chronic illness compared to those without, especially among the elderly 

(82). In addition, complications associated with chronic illness or the treatment regimen that 

is involved further increases the burden of the disease thus, enhancing the risk of developing 

depression. 

 

Marital Status: Being separate, divorced or widowed people (especially among men) 

showed an increase rate of depression compared to the married (71,75,83). 

 

There are several other risk factors like lifestyle habits, for example, increased alcohol 

consumption, substance abuse and smoking that increases the probability of being depressed 

(84). A particular depressive event could cause a momentary feeling of sadness. However, 

intense episodes of depression involve a complex combination of biological, social and 

psychological elements. According to Dobson 2008, a conceptual framework of these risk 

factors of  Depression could be summarized as follows (85): 
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Figure 1.5 - Conceptual Framework of Risk Factors of Depression, 

Dobson et al, 2008 (85) 

 

Ø Trends and Prevalence of Depression – Worldwide, South-East Asia and India 

Worldwide: It is estimated that, globally, approximately 350 million people in all age 

categories suffer from depression. Majority of the studies on the prevalence of depression 

were mainly done in the high-income countries. Women have a 50% higher burden of 

depression compared to men, in both high-income and low-income countries.  

The overall prevalences of a major depressive episode across the world has been shown in 

(Figure 1.6) (86). 
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Figure 1.6 – Major Depressive Episode across the world, Healthline, 2014 (87) 
 

An epidemiological face-to-face household survey of 9090 participants done in 48 states of 

the U.S.A showed a 16.2% total prevalence of depression (77). The point prevalence of 

major depression in the general Danish population using the Major Depression Inventory 

(MDI) was found to be 3.3% (78). In a 12-month prevalence of major depressive episode 

among a representative sample of 5993 Finnish individuals between 15-75 years was found 

to be 9.3%, and the age-adjusted prevalence was 10.9% for females and 7.2% for males 

(88).  In Hamadan, Iran, the prevalence of depression among 240 elderly people using the 

Centre of Epidemiological Studies Depression Scale Revised (CESD-R) questionnaire 
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reported a prevalence of 48.3% (89). According to a review done by Djernes, JK et al, the 

prevalence of major depression among the elderly – Caucasian population ranged from 0.9% 

to 42% and clinically relevant depressive symptom cases varied from 7.2 % to 49%. This 

review included 122 studies (90). 

 

South-East Asian Region:  The prevalence of depression has been researched more in the 

high income countries compared to the low - middle income countries. Earlier studies from 

the South-East-Asian region show that research in depression is restricted due to several 

limitations. Most of the studies have been concentrated on the geriatric population and the 

number of validated questionnaires in the region is limited. 

 

The prevalence of depression varies among the developing countries due to several risk 

factors like change in the structure of families, increased life expectancy, financial 

dependency, social and economical adversities etc.,. A cross-sectional study, done among 

the geriatric population in Malaysia, using a 30-item Geriatric Depression Scale 

Questionnaire showed a prevalence of  9.0% for those with chronic illness and 5.6% for 

those without. In this study, depression was significantly associated with ischemic heart 

disease (82). Cross-sectional studies in Pakistan and Sri Lanka, among the elderly, using the 

15-Item Geriatric Depression Scale (GDS-15) showed an overall prevalence of 22.9% and 

27.9% respectively (91,92). A study form Singapore using the GDS-15, showed that 

respondents from low SES had a higher prevalence of depression (26.2%) compared to the 

higher socio-economic status (14.8%) (93). Comorbid conditions, increased intake of 

medications, low education, low SES and financial problems were significantly associated 

in these studies. A telephone- based, cross sectional study in 3 different cities in Pakistan 

showed an overall prevalence of depression of 45.98% (94). In a study that was conducted 

among adolescents in Malaysia, the overall prevalence was 17.7%. Feeling alone, Indian 

ethnicity, drug, alcohol and tobacco abuse, being bullied were all associated risk factors 

(84).   

 

India: The National Mental Health Program in India was launched in 1982 with the 

objective of increasing the accessibility to health care services and increase community 

participation. However, these mental programs are not well developed. Research in 

depression is also limited.  
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Very few studies have focused on doing research in depression in India similar to the other 

South Asian countries. A cross-sectional study done among 30 rural communities in Central 

India showed the prevalence of depression to be 14.6% (95). A similar study done in 

Uttarkhand reported a prevalence of 6% (96). A descriptive cross-sectional study done in 

Lucknow city, among the elderly in old age homes versus those living at home showed a 

prevalence of 27.7% and 15.6% respectively (97). A prevalence of 39.1% case level 

depression was reported among community dwelling elderly in Kerala. 30.9% were low-

moderately depressed and 8.2 % had severe depression. The results showed a significant 

correlation between depression and female gender, previous trauma (98). In an 

epidemiological study conducted in Chennai, South India, the overall prevalence of 

depression was found to be 15.1% among the urban South Indian population (83). In 2012, 

the prevalence of undiagnosed depression among outpatients in a rural hospital, Delhi 

reported to be 30.1% (99). Other studies include a meta-analysis of 13 psychiatric 

epidemiological studies reporting a prevalence of 8.9% and a review of 15 studies on 

psychiatric morbidity reported a mean prevalence of 3.4% (100,101). In almost all the above 

mentioned studies, low SES, low education/income, female gender, had a positive 

association with depression. 

 

Relationship between T2DM and Depression 

It has been hypothesized that there is a bi-directional relationship between the two 

conditions, depression and Type 2 Diabetes. The exposure-outcome relationship between the 

two conditions is suggested to be bi-directional and may change over the course of a 

person’s life. A number of studies have shown a potential existing relationship between the 

two conditions (68,102–106).  

 

Ø Depression: A risk factor for T2DM 

Research shows that depression or depressive symptoms have shown to increase the 

incidence of diabetes.  As mentioned earlier, an increase in plasma cortisol via the HPA-axis 

results in increased production of glucose, increases lipolysis and free fatty acids, decreased 

insulin secretion and insulin sensitivity (68). Furthermore, studies exploring the 

development of T2DM from depression have shown convincing results suggesting that 

depression can lead to diabetes. A meta analysis that studied the development of T2DM 

from depression, showed that people with depression had a 60% risk of developing diabetes 
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(102).  Another meta analysis studying depression as a risk factor for T2DM showed that 

depressed individuals had a 37% increased risk for type 2 Diabetes Mellitus (107).  

 

An English Longitudinal study investigating depressive symptoms and the risk of T2DM 

reported that participants with increased depressive symptoms had an elevated risk for 

T2DM (105).  Brown et al, 2006, in a large population based study among young adults, 

found that, 30% of the newly-diagnosed diabetic subjects had a prior history of depression 

compared to only 3.8% of those non-diabetic subjects. In this study, depression appears to 

increase the risk of T2DM by approximately 23% (108). In a population-based, follow up 

study (1971-1992), done in the U.S.A, studying depression as a risk factor for the incidence 

of T2DM showed an increased incidence among those subjects who reported the highest 

number of depressive symptoms (7.3 per 1000 person-years) compared to those with 

intermediate and low number of depressive symptoms (3.4 and 3.6 per person-years) (109).  

 

Ø Depression: A consequence of T2DM 

Studies show that the risk of depression is higher among both Type 1 and Type 2 Diabetes 

Mellitus. The development of depression in T2DM is hypothesized to be partly due to the 

psychosocial burden of the chronic medical condition, in this case, T2DM and partly due to 

biochemical changes associated with diabetes (110). The number of depressive symptoms 

increases with the burden of the disease. A systematic review of 42 studies, where 7 studies 

investigated the risk of depression in Type 2 Diabetes showed that people with diabetes had 

a 15% higher risk of being depressed compared to non-diabetic subjects (102). Another 

meta-analysis of 11 studies showed an increased risk of 24% for the development of 

depression among subjects with diabetes compared to those without (103). In a separate 

study, Knol et al, 2007, found that depressive symptoms were 1.7 times higher among 

diabetic patients compared to those without T2DM. This study also found that depressive 

symptoms were more common among those with a known T2DM diagnosis compared to 

those with undiagnosed T2DM. Adjusting for other chronic diseases reduced the risk to 1.36 

times (104). However, certain studies have also had contradicting results. In a population-

based retrospective cohort study, researchers found that the incidence rate of depression was 

found to be similar between the diabetic and non-diabetic cohorts. T2DM did not show to be 

a risk factor for depression in this study (111). 
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Ø Prevalence of Depression in T2DM – Worldwide, South-East Asia, India 

Worldwide: The prevalence of Type 2 Diabetes Mellitus (T2DM) and Depression are 

increasing globally, both as separate entities and as co-morbid conditions. Depression 

occurring in T2DM is debilitating and associated with worse outcomes for both the 

conditions. Studies have also shown that treatment of depression improves glycemic control 

(112).   

 

Studies and reviews of studies have reported significantly higher rates of depression in 

patients with T2DM compared to those without. A meta-analysis of 42 studies done in high-

income countries (HICs) showed that the odds of depression was twice among diabetic 

patients in comparison to non-diabetic subjects. It reported a prevalence of 11% major 

depressive disorders and 31% clinically relevant depression (113). A systematic review and 

meta-analysis of 11 studies reported that diabetic patients have a 24% higher risk of 

developing depression compared to non-diabetics. The risk of depression was found to be 

higher in those studies that used diagnostic criteria for the assessment compared to studies 

that used questionnaires (103). A systematic review of 48 studies reviewing depression and 

Type 2 Diabetes in low-middle income countries (LMICs) suggested that depression in 

diabetes may be more prevalent in LMICs compared to HICs. Nineteen out of 48 studies 

were from East and South Asian countries, all of which showed that there is a significant 

association between depression and T2DM (114).   

 

South-East Asia:  Individual studies that have focused on the prevalence of depression in 

T2DM in the South Asian population have reported similar results on the relationship 

between T2DM and depression. These studies, irrespective of the type of questionnaire 

used, reported a correlation between the two conditions. A study done in a rural community 

in Pakistan showed a depression prevalence of 14.7% in diabetic patients compared to 4.9% 

in those without diabetes (115). Depression was found to be more prevalent among female 

subjects and in older age. Interestingly, obesity was found to be a protective factor in this 

study (115). A population-based study done in Bangladesh assessing depressive symptoms 

among diabetic subjects and non-diabetic subjects in a rural setting, showed depressive 

symptoms prevalence of 29.7% and 14.1%, respectively. The most significant predictors of 

depression in this study were age, gender and co-morbid conditions (116). Another cross-

sectional study in Bangladesh also reported that about one-third of the diabetic patients 

attending out-patient clinics had depression (117). Similar to other studies, age, gender, co-
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morbid cardiovascular conditions, poor glycemic control and low income had significant 

associations with depression (117). In Dhaka, Bangladesh, a recent, cross-sectional study 

found that the overall prevalence of depressive symptoms among 582 diabetic subjects 

found to be 61.9%, with a higher prevalence among females (70.9%) compared to the males 

(50.6%) (118). A cross-sectional study done among T2DM patients with no previous 

psychiatric history, in an urban setting in Kathmandu, Nepal, reported a depression 

prevalence of 40.3%. In this study, statistical analysis showed a significant correlation 

between increased levels of HbA1c, increased systolic/diastolic blood pressure, increased 

waist-to-hip ratio (WHR) and depression (119).  A study done among diabetics in an urban 

primary care setting in Malaysia measured a prevalence rate of 11.5% (120).  Thus, previous 

studies in south-East Asian region clearly show that there is a relationship between 

depression and DM in these populations.    

 

India: Studies on the prevalence of depression in diabetic patients in India is limited, and 

even if present considering the diverse ethnic groups, languages and cultural practices, it is 

hard to make an overall prevalence for the entire nation. The few studies done in India have 

reported the onset of depression in T2DM to be associated with female gender, older age, 

impaired glucose tolerance, increased central obesity, higher BMI, lower socio-economic 

status, long duration of T2DM, poor diabetic-care, complications of T2DM or other co-

morbid conditions of T2DM such as cardiovascular diseases (Ischemic Heart Disease) (121–

123). A study done in an urban population in Mangalore city, South India, reported that the 

proportion of depression was significantly increased among diabetic patients who were 

female, lower/middle socio-economic status, higher BMI, older age and comorbid 

conditions or complications of T2DM. The prevalence of depression among 230 T2DM 

subjects was 30.9% for moderate depression and 14.3% for severe depression (121). A 

cross-sectional study done in South-India, assessing undiagnosed depression and its 

predictors among 100 Type 2 Diabetic patients reported an overall prevalence of 49%. Of 

those depressed, 18.4% had severe depression, 28.6% had moderate depression and 53.1% 

had minor depression. Female subjects, increased Fasting Blood Glucose (FBG), physical 

disability, lack of information from physicians on life style modifications were all positively 

associated with depression (124).  
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1.3 Rationale and significance of the study 
The purpose of the study was to investigate the prevalence of depression in newly diagnosed 

diabetic subjects and the association between the two conditions. For the present study, we 

have chosen the causal direction from Diabetes Mellitus to Depression (Figure 1.7).  Most 

studies determining the prevalence of depression in T2DM have been done in HICs. 

Increasing prevalence of both T2DM and Depression in the South-Asian population is a 

growing concern as both conditions are debilitating and bring the worst outcomes as co-

morbid conditions. Very few have focussed on the South-Asian region, considering: 

i. The prevalence of DM is rapidly increasing;  

ii. They have a genetic predisposition  

iii. They have lower thresholds to DM (age, BMI) 

iv. Increased abdominal obesity  

 

The likelihood of newly diagnosed T2DM subjects developing depression following T2DM 

might also be inevitable as previous studies have indicated that there is a positive association 

between T2DM and depression . 

 

The relationship between Diabetes and depression can be explained by two causal links: 

1. T2DM leading to depression (Figure1.7)  

2. Depression leading to T2DM 

The present study has chosen to explore only the causal relationship from T2DM to 

depression, i.e.,. T2DM as the main exposure and depression as the outcome.  
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 Figure 1.7 – A causal model for the relationship between T2DM and 

depression (125) 
 

Benefits of the present study: 

ü Early detection and treatment of depression in diabetes may play a crucial role in 

reducing the double burden of the diseases in this population.  

ü Information and knowledge on the impact of T2DM on depression in this population 

may be necessary for required policy development for the prevention of both 

conditions. 

ü Developing and implementing effective intervention and treatment strategies as early 

as possible for depression would improve glycemic control. 

ü Introducing and implementing modifiable life style modification strategies to reduce 

burden on both depression and Diabetes Mellitus. 

ü Knowledge on the associated risk factors for depression may help in developing 

possible preventive strategies for depression following T2DM. 
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1.4 Objectives 
i. To assess the prevalence of newly diagnosed Type 2 Diabetes Mellitus.  

ii. To assess the prevalence of depression in newly diagnosed diabetic subjects in 

comparison to non-diabetic subjects  

iii. To assess the relationship between T2DM and depression  

iv. To identify other factors possibly associated with depression. 
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CHAPTER 2 

MATERIALS AND METHODS
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2.1 Study Design and Population 
The study was based on a cross-sectional design, with data collection carried over a period of 

approximately 6 months (mid-July 2015 – January 2016).	 Data	 was	 collected	 from	 145	

subjects,	residing	in	the	urban	areas	of	Chennai,	in	the	state	of	Tamil	Nadu	in	India.	

 

 

2.2 Study Area 
The study was conducted in Chennai, capital of Tamil Nadu, a southern state in India (Figure 

2.1). Chennai is the fourth populous metropolitan city in India, also called the “Detroit of 

South India” due to its automobile industry. It is the biggest cultural, economic, educational 

and industrial city of Southern India. The quality of living survey rated Chennai to be the 

safest city in India. Chennai has an area of 426 km2 with an urban population of 

approximately 8.65 million, in 2011 (126). 	

	

																																		 	 	
Figure 2.1 – Chennai City, India 

	
As per 2011 census, the sex ratio in the city was 0.98 females/males, literacy rate of urban 

Chennai was 90.23% (126). The GDP per capita in 2014 was $1,870 (127).  

Dr.	Mohan’s	
Diabetes		
Specialities	
Center	
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Health care in Chennai is provided by both Government-run and private hospitals and clinics. 

The city is considered India’s health capital, receiving nearly 45% health tourists from 

abroad. In 2012, the city had an estimated 12,500 hospital beds making it 2.1 beds per 1,000 

population (128).  

 

The study was conducted at Dr. Mohan’s Diabetes Specialities Center (a Diabetes 

Specializing Clinic) in Gopalapuram, Chennai, founded in 1991. It is one of India’s leading 

diabetes centers. It has 7 branches around the city and over 20 centres in other parts of India 

and the world with over 360,000 registered diabetic patients. It is also the collaboration center 

for WHO in Non-communicable Diseases Prevention and Control in India and an IDF center 

for education. The center gives total diabetic care – eye care, cardiac care, dental, preventive 

care, diet, Intensive Care Unit, laboratory and radiology. 

 

Dr. Mohan’s Diabetes Specialities Centre (headquarters in Chennai) was chosen as the 

location of the study based on certain practical criteria: availability of lab facilities within the 

clinic, location of the clinic, the center is specialized in Diabetes, etc.,.  

 

The study intended to recruit those subjects who were coming to the center to check their 

T2DM status because they either i) had a referral from an external doctor, ii) they have a 

family history of T2DM iii) they accompanied family members who were already diabetic, 

iv) they started having symptoms of T2DM.  

 

 

2.3 Sample Selection 
Ø Inclusion Criteria 

i. All not-known diabetic subjects doing Oral Glucose Tolerance Test (OGTT) to check 

their diabetes status; 

ii. Subjects of both gender; 

iii. ≥ 20 years of age; 

iv. Able to communicate in either English or Tamil (the local language). 
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Ø Exclusion criteria 

i. Those subjects who have already been diagnosed and taking treatment for T2DM, type 

1 diabetes and pregnant subjects would be excluded; 

ii. Subjects with a prior history of depression would also be excluded. 

 

Ø Sample Size 

In a previous study conducted in Chennai, India, the prevalence of depression among newly 

diagnosed diabetic patients was found to be 19.7%. Based on this prevalence, the sample size 

was calculated. 

An appropriate sample size calculation depends on the following three factors: 

i. Prevalence of the outcome of interest (in this case, depression) 

ii. Desired level of confidence 

iii. Acceptable margin of error. 

 

The sample size was calculated using the following formula: 

N = (Z2 * p * q) / d2 

where, 

N = Desired sample size 

Z = Standard normal deviate, usually set at 1.96. Indicates 95% confidence interval (CI) 

p = proportion in the target population estimated to have the disease, in this case depression. 

(p = 19.7% (or) 0.197) 

q = (1-p); proportion in the target population that do not have the disease; (q = 1- 0.197) 

d = degree of accuracy/precision required; usually set at 0.05 level. 

Thus, 

N = [(1.96)2 * 0.197 * (1 - 0.197) ] / (0.05)2 = 243 

 

The final sample size was calculated to be 243 subjects.  

 

Ø Recruitment Process and Interview 

All the not-known diabetic subjects doing an Oral Glucose Tolerance Test (OGTT) to check 

their diabetes status were requested to participate in the study. Those who agreed to 

participate were then approached after the fasting blood glucose (FBG) test to take part in the 

interview. The subjects had to wait for two hours for the OGTT test after the FBG test. This 

time was utilized for the interviews. If time was insufficient to conduct all the interviews, the 
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subjects were interviewed before their consultation with the diabetologists. This made sure 

that neither the subjects nor the interviewer knew the diabetic status of the subject at the time 

of the interview. Those subjects who agreed were then given an orientation of the purpose and 

the objectives of the study before asking for their consent. Further, their right to refuse to 

participate without any further consequence for their diabetes treatment was also assured. The 

consented subjects were then asked for a voluntary written consent to participate in the study. 

The consent was both in English and Tamil. A structured interview was conducted for socio-

demographic details, food habits, life style details and depression using Montgomery Åsberg 

Depression Rating Scale (MADRS). The participants were also requested to give consent to 

allow the hospital to permit access to their clinical and laboratory data from the patient 

medical journal. 

All the not-known diabetic subjects doing an OGTT were interviewed for depressive 

symptoms using MADRS depression questionnaire. The consented and interviewed 

participants were then classified into 2 groups based on their blood glucose levels (FBG, 

OGTT) and HbA1c%, namely,  

a. Subjects with Type 2 Diabetes Mellitus;  

b. Subjects with normal blood glucose levels (non-diabetic subjects) 

 

 

2.4 Translation and Pretesting of Questionnaires 

The patient consent form and the MADRS Depression Scale questionnaire were translated 

into the local language (Tamil). The consent form was back translated in order to avoid any 

mistranslations and was requested for approval from the Ethics Committee, Madras Diabetes 

Research Foundation. A pilot study was done using the translated MADRS questionnaire to 

assess and evaluate the instruments reliability. Around 31 subjects were interviewed in the 

pilot study with the translated questionnaires for validation.  
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2.5   Data Collection 
 Socio-demographic, life-style details and dietary habits and physical activity  
 Information on these details were obtained through a structured interview using a 

questionnaire. (Appendix 1).  The variables included in this section of the questionnaire were 

as follows: 

Ø Socio-demographic details: 

• Age: Age of the subject in years. 

• Gender: 

• Marital Status: The marital status of the subject was categorized into ”single”; 

”married” and ”divorced or widowed”. 

• Level of Education: The categories for level of education in the questionnaire are 

”illiterate”; ”less than primary school”; ”primary school completed”; ”high school 

completed”; ”higher secondary school completed”; ”technical education”; ”graduate” 

and ”post-graduate or above”.  

• Occupation: Occupation was categorized into the most common occupations found in 

Chennai. The categories were ”homemaker”, ”student”, ”clerical/office staff”, 

”corporate executive”, ”labourer” and ”retired” 

• Monthly Income: Individual income per month of the subject.  

• Living situation: Information was obtained about the subjects living situation, if 

he/she lived ”alone” or with ”family”. 

 

Ø Life-style Details: 

• Smoking status: The smoking habit was categorized into ”never smoked”, ”ex- 

smoker” and ”current smoker”. The current smoking was further sub-divided, based 

on frequency to ”ocasionally”, ”less than 10 cigarettes per day”, ” 10-20 cigarettes per 

day” and ”over 20 cigarettes per day”. 

• Alcohol consumption: The alcohol consumption status was categorized to ”non-

drinker”, ”ex-drinker”, and ”current drinker” which was further categorized into ”1-4 

drinks per month”, ”2-5 drinks per week” and ”6 or more drinks per week”. 

 

Ø Physical Activity: 

A validated and culturally relevant questionnaire designed primarily for the targeted study 

population called ”short-Madras Diabetes Research Foundation (MDRF) Physical Activity 
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Questionnaire” (MPAQ) was used by the researcher in the interview to assess the physical 

activity levels of the study subjects (Appendix 2) (129). The questionnaire is divided into four 

sections, each included questions which assessed the physical activity among the adult 

population (129).  

Section1: Physical Activity at Work 

This section included questions for those who were employed and for students. The questions 

assessed how many hours/min of a normal working day the subjects spent on walking, 

standing, climbing stairs/walking uphill, sitting and if their work involved strenuous activities 

like carrying heavy load, manual agricultural work etc.,.   

Section 2: Physical Activity (other than work related) 

In this section, questions were directed towards the time spent during the week and weekends 

on tasks such as sleeping at night and naps during the day, time spent on personal care and 

eating, time taken for cooking and doing other non-mechanized domestic chores. 

Section 3: Transportation 

In this section, questions included those that involved commuting from place to place during 

the week and weekend – self-driving, cycling, using the public transportation and walking 

(not as exercise). 

Section 4: Leisure Activity 

This section includes questions on activities that were performed during leisure time like 

watching TV, reading, watching movies, going shopping etc.,. and questions about sports and 

fitness (walking, jogging, cycling, swimming, yoga, going to the gym etc.,.). 

 

The total score is computed by a summation of duration (in hrs/min) spent on these activities. 

According to the guidelines for the data processing and analysis, the physical activity levels 

are categorized into ”sedentary life”, ”moderately active” and ”vigorously active” . 

 

Ø  Dietary Habits:  

To assess the dietary habits of the subjects, a 24-hour dietary recall questionnaire that is 

culturally relevant and validated was used in the interview (Appendix 3) (130). The 

questionnaire involved  details of the food taken in the past 24-hours by the subject, including 

the time it was consumed, list of items, portion size, description (in case of specific 

ingredients used) and the total quantity consumed. The total number of calories, 

carbohydrates, protein, fat and dietary fiber consumed by the subject  in an entire day were 

then calculated to assess the average day-to-day calorie intake. 
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 Biochemical Parameters  

Results of Fasting Blood Glucose (FBG), Oral Glucose Tolerance Test (OGTT), lipid profile 

(triglyceride, total cholesterol, low density lipoprotein, high density lipoprotein) and  

HbA1c% were obtained from subject’s patient journal, as it was mandatory for all patients to 

perform these tests. The blood was drawn by well-experienced and trained phlebotomists and 

blood test done by experienced lab technicians at the research hospital.  

Ø Fasting Blood Glucose: The blood sample was taken after a period of minimum 8 

hours of fasting. FBG was categorized as normal: <100 mg/dL (<5.6 mmol/L); IFG: 

100-125 mg/dL (5.6-6.9 mmol/L); and diabetes ≥ 126 mg/dL (≥7.0 mmol/L) (131). 

Ø OGTT: A second blood sample was drawn, about 2-hours after the FBG. The sample 

was drawn after a 75g glucose load. OGTT was categorized as normal: <140 mg/dL 

(<7.8 mmol/L); IGT: 140-199 mg/dL (≥7.8-<11.1 mmol/L) and diabetic: ≥ 200 mg/dL 

(≥11.1 mmol/L) (131). 

Ø HbA1c: A measurement of HbA1c ≤ 6.5% is considered normal and >6.5% is 

considered as diabetes (131). 

From the values of FBG, OGTT and HbA1c, based on the ADA criteria a person was 

diagnosed with T2DM if one of the measures were seen: a FBG level : ≥ 126 mg/dL (≥7.0 

mmol/L) (or) an OGTT level: ≥ 200 mg/dL (≥11.1 mmol/L) (or) a HbA1c level: >6.5% 

(28,131). 

 

Ø Total Cholesterol: From the blood sample taken, the lipid profile is measured. Total 

cholesterol values were categorized as optimal (<200 mg/dL); Borderline high (200-

239 mg/dL) and high cholesterol (>239 mg/dL) (132). 

Ø Triglycerides: Serum triglyceride levels were categorized as optimal level (<150 

mg/dL); borderline high (150-199 mg/dL) and high TG level (>199 mg/dL) (132). 

Ø LDL: Serum LDL levels were divided into categories as follows: optimal (<130 

mg/dL); borderline high (130-159 mg/dL) and high level (>159 mg/dL) (132). 

Ø HDL:  The good cholesterol, serum HDL levels were categorized as optimal/less risk 

(>60 mg/dL); intermediate risk level (40-59 mg/dL) and high risk level (≥ 60 mg/dL) 

(132). 

However, during data collection, only the exact numbers were recorded for all the parameters. 
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Anthropometric Measurements  

Subjects were measured for weight, height, waist circumference, hip circumference and body 

fat percentage. All the measurements were taken according to the WHO guidelines (133). 

Ø Height: Measurements were made to the nearest 0.1 centimeter; using a well-mounted 

stadiometer; with the subject standing in an erect position looking straight.  

Ø Weight: Weight of the subject was measured without shoes and in light clothes to the 

nearest 0.1 kilogram, using a digital weighing scale; placed on a flat-surface. 

Ø Hip circumference: The measurements were made using a non-stretchable tape; with 

the patient standing erect, during expiration at the greatest protrusion of buttocks to 

the nearest 0.1 centimeter. 

Ø Waist circumference: Using a measuring tape midway between the lowest border of 

the ribs and the iliac crest, waist circumference was measured during expiration, to the 

nearest 0.1 centimeter; 

Ø Body fat percentage (BF%): The total percentage of body fat was measured using a 

calibrated body fat composition analyzer (Tanita Analyzer- BC 543). The equipment 

calculated measurements like weight, body fat%, muscle mass, physique rating, basal 

metabolic rate, metabolic age, BMI and visceral fat. The measurement was carried out 

by placing the equipment on a flat, hard surface with minimal vibration for accuracy. 

The subject was asked to stand barefoot with their feet correctly placed on the 

electrodes for accurate reading.  

From the above mentioned anthropometric measurements, the following measurements were 

calculated: 

Ø BMI: calculated from weight and height measurements; (weight (kg) / height (m2)). 

Research has shown that the Asians have a lower cut-off values for BMI compared to 

the western countries (134). The BMI cut-off points (kg/m2) were categorized as : 

i. Underweight: <18.5 

ii. Normal : 18.5-22.9 

iii. Overweight: 23-25 

iv. Obese: >25 

Ø WHR: (waist circumference (cm) / hip circumference (cm)) was calculated using the 

waist and hip measurements. A ratio of 0.90 and 0.80 or less is considered to be 

normal for men and women respectively (135). 
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 Blood Pressure Measurement 

Blood pressure was measured either by the main researcher or trained health personels at the 

clinic. The measurement was made by OMRON-HEM711, with the patient sitting with their 

legs uncrossed and the patient was relaxed. The left arm was used to make the measurement 

(131).  

 

 Family History of T2DM 

Information on whether a father, mother or siblings of the subject with a diagnosis of T2DM 

was obtained to check if the subjects family has a history of T2DM.  

 

Medical History  

Information regarding the subject’s past and current medical and psychiatric history was 

obtained by asking the subject and by re-confirmation with the recorded journal of the 

subject. Questions included diagnosis of certain relevant diseases like hypertension, 

cardiovascular diseases, thyroid diseases, hepatic conditions, cancer and prior diagnosis or 

treatment of any kind of psychiatric illness. The treatment regimen for previously diagnosed 

conditions were also obtained. 

 

Depression Score 

Depression was assessed using MADRS questionnaire. (Appendix 4). The questionnaire has 

been validated for the Indian population. It was both in English and the local (Tamil) 

language. The interview was done either between the time of the FBG measurement and 

OGTT measurement or prior to getting the results of the subject’s diabetic status. The 

MADRS is a 10-item questionnaire (the score of each item ranges from 0 to 6, and the total 

sum for the 10 items range from 0 to 60) (136). The total score is usually categorized into four 

groups:  

i. 0–12 (healthy),  

ii. 13–19 (mild depression), 

iii.  20–34 (moderate depression) and  

iv. 35–60 (severe depression) 

 

However, for the analysis of depression in our study, MADRS score was used as a continuous 

data in the regression analysis to increase the validity and precision of the results  
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2.6 Statistical Methods 
Data Management 

All data collected through interview, lab analysis of biochemical parameters and 

measurements taken were registered in a computer database. Missing values and errors in data 

entry were carefully checked. All the data were analyzed using SPSS (IBM SPSS Statistics 

for Mac, Version 23, 2015). 

 

 Data Handling 

For descriptive purposes, all continuous data were presented as mean with 95% confidence 

interval (CI) and all categorical data were presented as percentages with 95% CI. The 

prevalence of Type 2 Diabetes Mellitus and Depression were described as simple percentages. 

Chi-square tests were used to analyze significant differences between categorical variables. 

Bivariate linear regression analysis was carried out to determine those independent variables 

that were significantly associated with depression. They were presented as mean MADRS 

score with 95% CI. Independent t-tests was used to find differences in means for variables 

with 2 categories and One-way analysis of Variance (ANOVA) for variables with 3 

categories. Variable selection for multivariable regression was based on a causal graph 

(DAG). A DAG was drawn using the DAGitty software (Figure 1.7) to describe the possible 

confounding variables and competing exposures for the depression (125). For the 

multivariable regression, MADRS score was considered to be the dependent variable or the 

outcome variable. OGTT was considered to be the main exposure for depression. The crude 

and adjusted (for confounding variables and competing exposures) models are presented. The 

associations between the independent variables and dependent variable were presented as 

non-standardized (B-coefficients) and 95% CI. A p-value <0.05 was considered statistically 

significant. Furthermore, assumptions of homoscedasticity, linearity and independence of 

residuals were also tested using scatterplots and histograms (Appendix 5). 

 

All the statistical analyses, histograms and plots were performed using SPSS (IBM SPSS 

Statistics for Mac, Version 23, 2015). 
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2.7 Ethical Considerations 
An ethical approval of the protocol was obtained from the Regional Committee for Research 

Ethics in Norway and as well as the Ethics committee at the study site, Madras Diabetes 

Research Foundation. Prior to the study, the researcher had to give a presentation to the local 

committee in India describing the purpose of the study and the study procedure. The 

committee was requested to give comments and suggestions that could be incorporated into 

the study design. Any amendments that needed to be done were further submitted to the two 

committees and received approval. 

 

Prior to acquiring data from the participants, a written consent was obtained from them. In 

case, the participant was illiterate, then the consent was read out loud to the participant and 

the informant who came with the subject. The participant was asked to give a verbal consent, 

and the informant could sign the consent. This was done in order to secure the voluntary 

participation of the subject. The consent was in English and translated to the local language 

(Tamil) for those who preferred it. The aim of the study, voluntary participation and 

participant rights, including the right to withdraw from the study at any time, was explained in 

the form. The forms were signed by both the participant and the interviewer. Furthermore, the 

participants were informed that non-participation in the study will have no effect on the 

treatment of diabetes or follow-up. 

 

The participants were also be requested to let the hospital permit access to their medical 

records for biochemical parameters, and to confirm their medical history from the subject’s 

patient journal. All data collected and information obtained from the medical records were 

handled with confidentiality. Also, depressive symptoms using the MADRS was assessed 

before the subjects went into consultation for T2DM. 

 

The blood samples were collected by well qualified and trained phlebotomists. Protective 

measures were taken to minimize any injuries or the risk of retracting any blood borne 

diseases. Anthropometric measurements were taken in a private room. Any measures that 

were sensitive were taken with precautions (for example, questions on depression and suicidal 

thoughts). Efforts were made by all health personnel to make the participant feel comfortable 

both physically and emotionally. 
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The questionnaires were anonymized and each subject was assigned a specific identification 

number by which they were identified. The information was kept in a locked cabinet. Access 

to the information was restricted to the main investigators. Data analysis did not include any 

information that could potentially identify the respondent. 

 

Any results that potentially identified participating subjects with depression were referred to 

the respective health centers for further follow-up. 
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CHAPTER 3 

RESULTS
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3.1  Pilot study 
In India, MADRS is a validated instrument used for scoring depressive symptoms. However, 

it had not been translated into Tamil and therefore, the scale needed to be translated and 

validated. Therefore, a pilot study was required. In the pilot study, 31 random subjects 

attending the clinic were interviewed using the MADRS translated questionnaire. A reliability 

test done on SPSS, gave a reliability coefficient (Cronbach’s Alpha) of 0.76 (Table 3.1). A 

Cronbach’s score usually ranges from 0 to 1. A Cronbach’s Alpha score of over 0.70 is 

considered to be an ”acceptable” score. In the present study, the reliability coefficient of 0.76 

showed that the MADRS translated questionnaire was a reliable instrument with items that 

have acceptable internal consistency between them. All items appeared to be worthy of 

retention. The greatest increase in reliability would have come if question no:4 (question on 

reduced sleep) on MADRS was deleted increasing the overall Cronbach’s alpha to 0.795. 

However, the Cronbach’s alpha would increase only by 0.03. Therefore, the item was retained 

and no changes were made. 

 

Table 3.1 – Reliability Analysis for MADRS in Tamil 

 

No: of items/ questions Overall Cronbach’s Alpha 

10 0.76 

MADRS Question no: Change in Cronbach’s 

Alpha if item is deleted 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0.708 

0.704 

0.706 

0.795 

0.773 

0.765 

0.731 

0.738 

0.698 

0.729 
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3.2   Main results 
Sample 

A sample size of 243 was calculated for the study. The recruitment process was extremely 

challenging resulting in a smaller sample size compared to the power calculation. The hospital 

received mainly patients who came either for treatment or for a follow-up. Only a small 

proportion came for diagnosis of T2DM. Recruitmnet of participants and data collection was 

done over a period of 6 months. A total of 203 subjects, undiagnosed for T2DM, were 

recruited to participate in the study. 58 of them either refused or were excluded from the 

study. A final sample of 145 (56.5% males and 43.4% females) subjects participated in the 

study and data was collected from all of the participants. All subjects were over the age of 20 

and undiagnosed for both T2DM and depression.  

 

 Descriptive Analysis of the Study Population 

Descriptive analysis of the baseline characteristics of the study population was done by 

categorizing the data by gender. 

 

The mean hip circumference, body fat percentage, HDL-C and MADRS score were found to 

be significantly higher in females compared to males. WHR, SBP, DBP, total calories intake, 

carbohydrates intake and protein intake were significantly lower in females compared to 

males. The mean BMI and WHR indicated obesity according to Asian cut-off values in both 

males and females (Table 3.2) . 

 

Table 3.2 - Continuous Variables – Baseline Characteristics by gender 

 

Variables Males (n=82) Females (n=63) Total (n=145) 

Continuous Variables Mean  

(95% CI) 

Mean  

(95% CI) 

Mean  

(95% CI) 

 

Age 

BMI (kg/m2) 

Waist Circumference (cms) 

Hip Circumference (cms) 

WHR 

Body Fat% 

SBP (mmHg) 

 

46.1  (43.9, 48.3) 

26.1  (25.1, 27.16) 

94.7  (92.0, 97.3) 

98.7  (96.5, 100.9) 

0.95  (0.94, 0.97) 

25.7  (23.95, 27.5) 

127.9 (123.1-132.7) 

 

48.9  (46.2, 51.6) 

27.7 (26.3, 29.3) 

92.9  (89.8, 96.0) 

103.0  (100.0-106.1)* 

0.90  (0.88, 0.92)** 

37.1  (35.0, 39.1)** 

118.3 (114.4, 122.5)** 

 

47.3  (45.6, 49.0) 

26.8  (25.9, 27.7) 

93.9  (91.9, 95.9) 

100.6  (98.75, 102.4) 

0.9  (0.92, 0.94) 

30.6  (29.0, 32.3) 

123.7  (120.5, 127.05) 
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DBP (mmHg) 

FBG (mg/dl) 

OGTT (mg/dl) 

HbA1c% 

Total Cholesterol (mg/dl) 

TGs (mg/dl) 

HDL-C (mg/dl) 

LDL-C (mg/dl) 

MADRS score 

Total Calories (Kcal) 

Carbohydrates (gms) 

Protein (gms) 

Fat (gms) 

Dietary Fibre (gms) 

82.7  (79.8, 85.5) 

109.5 (102.9, 116.1) 

161.6  (143.8, 179.35) 

6.0  (5.7, 6.2) 

185.9  (178.2, 193.6) 

140.4  (125.7, 155.2) 

40.2  (37.2, 43.2) 

120.4  (113.8, 127.06) 

12.8  (11.2, 14.4) 

1668 (1576.0, 1761.3) 

253.7  (240.45, 267.0) 

53.7 (49.7, 57.6) 

45.9  (41.7, 50.1) 

21.4 (19.1, 23.7) 

76.4  (73.9, 78.8)** 

103.1  (99.1, 107.1) 

144.4  (131.55, 157.2) 

5.8  (5.65, 5.96) 

186.6  (177.1, 196.2) 

135.0  (119.7, 150.25) 

44.7  (42.55, 46.9)* 

116.9  (108.4, 125.4) 

18.6  (15.97, 21.1)** 

1395  (1297.7, 1493.8)** 

209.5  (195.5, 223.6)** 

45.8  (41.6, 50.1)** 

40.66  (36.2, 45.1) 

19.1 (16.3, 21.9) 

 

79.9  (77.96, 81.9) 

106.7  (102.6, 110.8) 

154.1  (142.6, 165. 6) 

5.9  (5.8, 6.05) 

186.2 (180.3, 192.2) 

138.1 (127.5, 148.6) 

42.2  (40.2, 44.1) 

118.9  (113.7, 124.1) 

15.3  (13.8, 16.8) 

1550.1  (1479.7, 1620.4) 

234.5  (224.3, 244.75) 

50.3  (47.3, 53.2) 

43.6  (40.6, 46.7) 

20.4 (18.6, 22.2) 

FBG = Fasting Blood Glucose; OGTT = 75-g standard 2 hour Oral Glucose Tolerance Test; HbAic = Glycated Haemoglobin; TG = 

Triglycerides; HDL-C = High Density Lipoproein Cholesterol; LDL-C = Low Density Lipoprotein Cholesterol; BMI = Body Mass Index; 

WHR = Waist Hip Ratio; SBP = Systolic Blood Pressure; 

DBP = Diastolic Blood Pressure; MADRS = Montgomery Åsberg Depression Rating Scale 

The values in women had a significant difference from the values in men at *p<0.05 and ** p <0.01 by using Independent Samples T-Test. 

 

Among the categorical variables, a significant difference was also seen between males and 

females in regard to education, monthly income, occupation, marital status, smoking habits, 

alcohol consumption and amount of physical activity. When BMI was categorized, majority 

of both males and females were in the obese category. 

 

Table 3.3 - Categorical Variables – Baseline Characteristics by gender 

 

Variables Males (n=82) Females (n=63) Total (n=145) 
Categorical Variables Frequency %  

(95% CI) 
 

Frequency %  
(95% CI) 

 

Frequency %  
(95% CI) 

 
Education** 
< High School 

High School –some college 
≥ Graduate school 

 
Monthly Income **      

 ≤ 20000 Rs 
 21000-60000 Rs 

   > 600000 Rs 
 

Occupation** 

 
17.1  (0.1, 0.25) 

34.1  (0.24, 0.44) 
48.8  (0.4, 0.6) 

 
 

32.9  (0.2, 0.4) 
41.5  (0.3, 0.5) 

25.6  (0.16, 0.35) 
 
 

 
42.9  (0.34, 0.58) 
17.5  (0.08, 0.3) 
 36.5  (0.25, 0.5) 

 
 

85.7  (0.77, 0.94) 
7.9  (0.01, 0.15) 
6.3   (0.003, 0.1) 

 
 

 
29.7  (0.2, 0.4) 

26.9  (0.2, 0.34) 
43.4  (0.35, 0.5) 

 
 

55.9  (0.5, 0.6) 
26.9 (0.2, 0.34) 
17.2  (0.1, 0.2) 
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   Unemployed 
Employed (manual) 

Employed (non-manual) 
 

Marital Status** 
   Single 

   Married 
   Divorced/Widowed 

   
Family History of  DM 

   Yes 
   No 

 
Living condition 

   Family 
  Alone 

 
Smoking** 

   Never 
   Ex-smoker 

   <10 cigarettes/day 
    >10 cigarettes/day 

 
Alcohol Consumption** 

   Never 
   1-4 drinks/month 
   2-5 drinks/week 
   >6 drinks/week 

 
Physical Activity** 

  Sedentary 
   Moderate 
   Vigorous 

 
 

BMI (kg/m2) 
Underweight (<18.5) 
Normal (18.5-22.9) 

Overweight (23-24.9) 
Obese (≥25) 

 

13.4  (006, 0.2) 
24.4  (0.15, 0.34) 

62.2  (0.5, 0.7) 
 
 

8.5  (0.02, 0.14) 
90.2  (0.84, 0.97) 
 1.2  (-0.01, 0.04) 

 
 

46.3  (0.35, 0.6) 
53.7  (0.4, 0.6) 

 
 

92.7  (0.87, 0.98) 
7.3  (0.02, 0.13) 

 
 

65.9  (0.56, 0.76) 
15.9  (0.08, 0.24) 
14.6  (0.07, 0.22) 
3.7  (-0.004, 0.08) 

 
 

65.9  (0.56, 0.76) 
22.0  (0.13, 0.31) 

8.5  (0.025, 0.145) 
3.7  (-0-004, 0.08) 

 
 

 54.9  (0.44, 0.66) 
37.8  (0.7,0.5) 
7.3  (0.02, 0.1) 

 
 
 

3.7  (-0.004, 0.08) 
19.5  (0.1, 0.3) 

15.9  (0.08, 0.24) 
61  (0.50, 0.7) 

 

68.3 (0.6, 0.8) 
3.2  (-0.01, 0.075) 

28.6  (0.2, 0.4) 
 
 

3.2  (-0.01, 0.075) 
82.5  (0.73, 0.9) 

14.3  (0.06, 0.23) 
 
 

55.6  (0.43, 0.7) 
44.4% (0.3, 0.6) 

 
 

93.7  (0.88, 0.99) 
6.3  (0.003, 0.1) 

 
 

100  (1.0. 1.0) 
0% 
0% 
0% 

 
 

100  (1.0. 1.0) 
0% 
0% 
0% 

 
 

90.5  (0.83, 0.98) 
9.5  (0.02, 0.2) 

0% 
 
 
 

3.2  (-0.01, 0.075) 
15.9  (0.07, 0.25) 

9.5  (0.02, 0.2) 
71.4  (0.6, 0.8) 

 

37.2  (0.3, 0.45) 
15.2  (0.1, 0.2) 

47.6  (0.4, 0.56) 
 
 

6.2  (0.02, 0.1) 
86.9  (0.8, 0.9) 
 6.9  (0.03, 0.1) 

 
 

50.3  (0.4, 0.6) 
49.7  (0.4, 0.6) 

 
 

93.1  (0.89, 0.97) 
6.9  (0.03, 0.11) 

 
 

80.7  (0.74, 0.9) 
9.0  (0.04, 0.14) 
8.3  (0.04, 0.13) 

2.1  (-0.002, 0.04) 
 

 
80.7  (0.74, 0.9) 
12.4  (0.07, 0.2) 
4.8  (0.01, 0.08) 

2.1  (-0.002, 0.04) 
 
 

70.3  (0.6, 0.77) 
25.5  (0.2, 0.3) 

4.1  (0.01, 0.07) 
 
 
 

3.4  (0.005, 0.06) 
17.9  (0.1, 0.24) 
13.1  (0.1, 0.2) 
65.5  (0.6, 0.7) 

DM = Diabetes Mellitus; BMI = Body Mass Index 

The values in men had a significant difference from those in women at *p<0.05 and **p<0.01 by chi-square test or Fischer’s exact test.  
 

 

 

 

 

 



 

56	

Type 2 Diabetes Mellitus 

The overall prevalence of newly diagnosed Type 2 Diabetes Mellitus in the present study 

population was found to be 22.8% (25.6% among males and 19% among females). No 

significant difference was seen between the two genders. 

 

Table 3.4 - Prevalence of newly diagnosed T2DM  in the study population by gender 

 

 n Prevalence of Newly 

Diagnosed T2DM 

% (95% CI) 

Males 

Females 

82 

63 

25.6 (0.16, 0.35) 

19.0 (0.09, 0.28) 

Total 145 22.8 (0.16, 0.29) 
* p<0.05 using chi-square test or Fischer’s exact 

 

 

 Depression 

The overall prevalence of depression among 145 subjects was found to be 28.3% (20.7% 

among males and 38.1% among females) showing a significant difference (p<0.05)  between 

the two genders. Depression was found to be more common with the female gender. 

 

Table 3.5 - Prevalence of Depression in the study population by gender 

 

 n Prevalence of Depression 

% (95% CI) 

Males 

Females 

82 

63 

20.7 (0.12, 0.29) 

38.1 (0.26, 0.50)* 

Total 145 28.3% (0.210, 0.35) 
* p<0.05 using chi-square test or Fischer’s exact 
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Prevalence of Depression in newly diagnosed T2DM 

The prevalence of depression in newly diagnosed type 2 Diabetes Mellitus was found to be 

33.3% (Table 3.3.2). There was no significant (p<0.05) difference in the mean MADRS score 

between the two groups (those without diabetes = 0; and newly diagnosed T2DM = 1). 

Similarly, equal variances were assumed for MADRS score  (p=0.234) (Figure 3.1). 

 

 

Table 3.6 - Prevalence of Depression in newly diagnosed T2DM 
 

 n Prevalence of depression 

% (95% CI) 

No Diabetes  

Newly Diagnosed T2DM 

112 

33 

26.82 (0.18, 0.35) 

33.3 (0.17, 0.49) 

Total  145 28.3 (0.21, 0.35) 
* p<0.05 using chi-square test or Fischer’s exact 
	

	

 

	
Figure 3.1 - Distribution of MADRS score among those with and without diabetes. 

 

 

0	=	without	Diabetes	

1=	with	Diabetes	
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Association between Depression and T2DM and other factors 

In order to determine which measures of obesity should be used in the regression model, a 

scatterplot was made to find the correlation between the different measures of obesity i.e.,. 

overall obesity represented by BMI and Bodyfat% and central obesity represented by WHR 

(Figure 3.2). The plot shows that there is a high correlation between BMI and bodyfat%. A 

Pearson correlation of 0.782 was found between BMI and bodyfat% with a significance of 

p<0.01. Therefore, for the bivariate and multivariable analysis (Table 3.8), BMI was chosen 

to represent overall obesity and WHR for the central obesity. 

 

 

Figure 3.2 - Scatterplot showing correlation between BMI, Body fat % and WHR 

 

 

Among the socio-demographic and behavioral characteristics, the mean MADRS score had a 

significant association of (p<0.05) with factors like, education level, occupation and monthly 

income. Marital status – divorced/widowed category and female gender showed a significance 

of (p<0.01). Teetotallers and the DBP <90 group had a higher mean MADRS score showing a 

negative association, with a significance of p<0.01 and p<0.05 respectively (Table 3.7). 
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Table 3.7 - Bi-variate Analysis for Depression  

 
Variables n Mean 

(95% CI) 
p-value 

 
MADRS score 

 
DM 

No DM 
Newly Diagnosed T2DM 

 
Age 

20-35 
36-50 
>50 

 
Gender 
Males 

Females 
 

Marital Status 
  Single 

  Married  
Divorced/Widowed 

 
Education 

 <High school 
   High school- some college 

≥ Graduate  
 

Occupation 
Unemployed 

Employed (manual) 
Employed (non-manual) 

 
Monthly Income 

<20000 
21000-60000 

>60000 
 

Physical Activity 
Sedentary 
Moderate 
Vigorous 

 
Smoking Status 

Non-smoker 
Smoker 

 
Drinking status 

No 

 
145 

 
 

112 
33 

 
 

20 
69 
56 

 
 

82 
63 

 
 

9 
126 
10 

 
 

43 
39 
63 

 
 

54 
22 
69 

 
 

81 
39 
25 

 
 

102 
37 
6 
 
 

130 
15 

 
 

117 

 
15.3 (13.8, 16.8) 

 
 

14.8 (13.1, 16.5) 
16.97 (13.6, 20.3) 

 
 

14.3 (10.3, 18.4) 
14.9 (12.7, 17.1) 

16.1 (13.6, 18.65) 
 
 

12.8 (11.2, 14.4) 
18.6 (16.0, 21.1) 

 
 

11.6 (4.8, 18.33) 
14.4 (13, 15.8) 
29.9 (22, 37.8) 

 
 

18.7 (15.3, 22.2) 
13.4 (11.1, 15.6) 

14.1 (12.04, 16.2) 
 
 

17.7 (14.8, 20.5) 
14.9 (10.8, 18.9) 
13.6 (11.75,15.4) 

 
 

17.2 (15, 19.5) 
12.95 (10.66, 15.2) 

12.7 (9.8, 15.7) 
 
 

15.9 (14.05, 17.8) 
12.97 (10.45, 15.5) 

18.8 (9.4, 28.2) 
 
 

15.5 (13.9, 17.1) 
13.6 (8.75, 18.45) 

 
 

16.1 (14.4, 17.85) 

 
 
 
 
 

0.23 
 
 

0.67 
 
 
 
 
 

0.00** 
 
 
 
 

0.00** 
 
 

0.01* 
 
 
 
 

0.04* 
 
 
 
 

0.01* 
 
 
 
 
 
 

0.153 
 
 

0.45 
 
 
 

0.02* 
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BMI = Body Mass Index; WHR = Waist Hip Ratio; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; MADRS = 

Montgomery Åsberg Depression Rating Scale; DM = Diabetes Mellitus; T2DM =  Type 2 Diabetes Mellitus 

*p<0.05 and ** p <0.01 by using Independent Samples T-Test or ANOVA. 

 

 

 

In the multivariable regression analysis, only marital status-divorced category continued to 

have a significant association with depression with a significance of p<0.01 even after 

adjusting for confounders and competing exposures. DBP had a borderline association of 

p=0.051 when adjusted for confounders. However, in model 3, no significant association was 

seen between DBP and depression (Table 3.8).  

 

 

 

 

 

Yes 
 

Living condition 
Alone 

With family 
 

BMI 
Underweight (<18.5) 
Normal (18.5-22.9) 

Overweight (23-24.9) 
Obese (≥25) 

 
WHR 

                      Males  - ≤0.90 
               - >0.90 
 Females - ≤0.80 

                                   - >0.80 
 

 
SBP 
<140 
≥140 

 
DBP 
<90 
≥90 

 
 

28 
 
 

10 
135 

 
 

5 
26 
19 
95 

 
 

9 
73 
3 

60 
 
 
 

116 
29 

 
 

114 
31 

11.8 (9.03, 14.6) 
 
 

22.3 (13.2, 31.4) 
14.8 (13.3, 16.26) 

 
 

22.4 (11.03,33.8) 
15.3 (11.9,18.6) 
15.4 (9.75, 21.1) 
14.9 (13.1,16.7) 

 
 

12.4 (7.43, 17.36) 
12.8 (11.05, 14.54) 
18 (-16.48, 52.47) 
18.6 (15.95, 21.20) 

 
 
 

15.8 (14.1,17.5) 
13.2 (9.66,16.8) 

 
 

16.6 (14.8, 18.35) 
10.6 (8.7, 12.5) 

 
 
 

0.09 
 
 
 

0.36 
 
 
 
 
 

0.88 
 

0.92 
 
 
 
 

0.18 
 
 
 

0.00** 
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Table 3.8 - Multivariable Regression Models for Depression 

 Variables B- 
coefficient 

95% CI p-value 

 
 

Model 1 
Crude 

 

 
OGTT (mg/dL) 
Normal - <140 
IGT – 140-200 

DM - >200 

 
-0.003 

- 
-0.02, 0.19 

 
0.81 

 
 
 
 
 
 
 
 
 

Model 2 
Adjusted for 
confounders 

 
 

 
OGTT 

 
WHR 

 
BMI 

 
Physical Activity 

Sedentary 
Moderate 
Vigorous 

 
Age 

 
DBP 

 
0.004 

 
-16.6 

 
0.06 

 
 

Ref 
-1.52 
2.03 

 
0.11 

 
-0.14 

 
 
 
 

 
-0.02, 0.02 

 
-39.7, 6.43 

 
-0.24, 0.35 

 
 
 

-5.13, 2.08 
-5.75, 9.81 

 
-0.03, 0.26 

 
-0.27, 0.00 

 
0.75 

 
0.15 

 
0.70 

 
 
 

0.40 
0.60 

 
0.12 

 
0.051 

 
 
 
 
 
 
 

Model 3 
Adjusted for 
confounders 

and other 
competing 

exposures for 
the outcome 

 

 
OGTT 

 
WHR 

 
BMI 

 
Physical Activity 

Sedentary 
Moderate 
Vigorous 

 
Age 

 
 

Gender 
Male 

Female 
 

Marital Status 
Single 

Married 
Divorced/Widowed 

 
0.01 

 
3.04 

 
0.1 

 
 

Ref 
-0.016 
4.81 

 
-0.02 

 
 
 

Ref 
0.92 

 
 

-3.55 
Ref 

14.67 

 
-0.007, 0.03 

 
-20.26, 26.34 

 
-0.91, 0.39 

 
 
 

-3.76, 3.44 
-3.05, 12.67 

 
-0.19, 0.14 

 
 
 
- 

-3.75, 5.59 
 
 

-10.86, 3.76 
 

8.94, 20.4 

 
0.18 

 
0.79 

 
0.5 

 
 
 

0.93 
0.23 

 
0.79 

 
 
 
 

0.7 
 
 

0.34 
 

0.00 
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OGTT = Oral Glucose Tolerance Test; BMI = Body Mass Index; WHR = Waist Hip Ratio; DBP = Diastolic Blood Pressure; IGT = Imapired 

Glucose Tolerance; DM = Type 2 Diambetes Mellitus 

 

 

 
Education 

<High school 
   High school- some college 

≥ Graduate  
 

Occupation 
Unemployed 

Employed (manual) 
Employed (non-manual) 

 
Monthly Income (Rs) 

<20000  
21000-60000 

>60000 
 

Alcohol Consumption 
No 
Yes 

 
DBP 

 
 

2.41 
-1.26 
Ref 

 
 

1.38 
-0.88 
Ref 

 
 

1.72 
1.12 
Ref 

 
 

Ref 
-1.48 

 
-0.096 

 
 

-1.84, 6.67 
-4.94, 2.43 

 
 
 

-3.46, 6.22 
-5.81, 4.04 

 
 
 

-3.40, 6.84 
-3.45, 5.59 

 
 
 
 

-5.45, 2.48 
 

-0.20, 0.06 
 
 

 
 

0.26 
0.50 

 
 
 

0.57 
0.72 

 
 
 

0.51 
0.62 

 
 
 
 

0.46 
 

0.28 



 

63	

CHAPTER 4 

DISCUSSION
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4.1 Main Results 
The present study focused on finding the prevalence of unrecognized depression in newly 

diagnosed Type 2 Diabetes Mellitus and if diabetes is a possible risk factor for depression. A 

high prevalence of depression was seen among newly diagnosed T2DM. Nearly one-third of 

the newly diagnosed T2DM subjects also had depression. However, when analyzing the 

relationship between T2DM and depression, our study failed to find an association.  

 

Prevalence of newly diagnosed Type 2 Diabetes Mellitus 

The overall prevalence of newly diagnosed Type 2 diabetes Mellitus in our study was found 

to be 22.8%. The rate of newly diagnosed T2DM in the urban areas in India have ranged from 

2-28% (59,137–141).  However, most studies, including our study, have found that nearly 

one-quarter of the urban population with T2DM in India have undiagnosed T2DM.  

 

According to IDF, one in two adults between 20-79 with diabetes have undiagnosed diabetes, 

most of them having T2DM (Table 4.1) (47). Studies from different countries have shown 

similar prevalences as estimated by the IDF.  Population-based, cross-sectional studies done 

in Lausanne, Switzerland, Spain and Russia showed a prevalence of 6.3%, 13.8% and 5.4% 

respectively (142–144). Out of these, the newly diagnosed T2DM cases was found to have a 

prevalence of 6.0% in Spain and 2.9% in Russia (143,144) 

 

Table 4.1 - Undiagnosed Diabetes by IDF Regions, 2015 

IDF Region Undiagnosed (%) among 

Diabetics 

Undiagnosed Diabetes 

(number in millions) 

Africa 66.7% 9.5 million 

Middle East and North Africa 40.6% 14.4 million 

Europe 39.3% 23.5 million 

North America and 

Caribbean 

29.9% 13.3 million 

South and Central America 39% 11.5 million 

Western Pacific 52.1% 79.8 million 

South-East Asia 52.1% 40.8 million 

World 46.5% 192.8 million 
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Studies from Asian developing countries show an increased prevalence of T2DM compared 

to the Western developed countries. A recent systematic review of 24 studies in Malaysia 

reported an increased prevalence from 12.2 to 15.1% in obesity and 11.6 to 15.2% in T2DM 

between 2003 and 2011 (145). A population based-survey was conducted in 1987, 1992, 1998 

(N=5083, 6616, 6291) in Mauritius. The prevalence of T2DM in the three years were reported 

to be 12.8% in 1987, 15.2% in 1992 and 17.9% in 1998. The survey showed that T2DM 

increased over the years in both genders, in all age groups and in all ethnic groups (Indian, 

Creole and Chinese) (146). In a rural population in Bangladesh, a population-based cluster 

sampling study among 3104 adults found a prevalence of 7.2% T2DM, of which, 55% were 

undiagnosed diabetes (147) .  

 

According to the estimates of IDF, 2015, the projections for India on Diabetes Mellitus can be 

summarized as follows (Table 4.2)  (47).  

 

Table 4.2 - Estimates for India on DM, IDF, 2015 

 

 India 

National Prevalence of Diabetes (%) 8.7% 

Adults with Diabetes ( in 1000s) 69,188.6 

Adults with undiagnosed Diabetes  

(in 1000s) 

36,061.1 

Diabetes related deaths 1 027 911.6 

 

 

Among studies that focused on the prevalence of newly diagnosed T2DM in India, one study 

in Puducherry found a prevalence of 10.3% newly diagnosed T2DM among the urban 

population (59). A study in Mysore found an overall T2DM prevalence of 8.21%. Out of 

which, 42.59% were newly diagnosed T2DM (60). In a population-based, cross-sectional 

study comparing a rural Tamil Nadu and urban Delhi population in India, found a prevalence 

of T2DM of 13.6% in the urban area and 8.4% in the rural population. Of these, 2.4% in  

Delhi urban population and 2.1% in the rural Tamil Nadu population were undiagnosed 

diabetes (139). A recent descriptive study done in the state of Kerala among 920 TB patients, 

showed a prevalence of  32.4% T2DM; out of which, 79% were known diabetics and 21% 

were newly diagnosed for T2DM (138). A study among 1040 subjects in a semi-urban area in 
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Kashmir reported an overall prevalence of 6.05% T2DM, of which, 2.02 % were undiagnosed 

DM (137). A study conducted in 11 cities, in an urban population around India with 6198 

subjects, showed that among those diagnosed with T2DM, 27.6% were newly diagnosed 

T2DM subjects (140). A previous large epidemiological study, CURES-17, done in Chennai 

with 26,001 reported a rate of 9.4% newly diagnosed diabetics among 2350 detected T2DM 

subjects (141).  

 

The risk factors associated with T2DM are not analyzed in our study.  This is because the 

main aim of the study was to report the prevalence of undiagnosed depression in newly 

diagnosed T2DM and the association between depression and T2DM.  

 

Prevalence of Depression 

The overall prevalence of unrecognized moderate-severe depression in our sample from 

Chennai was found to be 28.3% (Table 3.5). All the subjects in our study had no history of 

depression. If any subject had a history for depression, they were excluded from our study.  

 

In India, studies reporting undiagnosed depression is very scarce. In other studies on 

depression in India, the instruments used to assess depression were different from the scale 

used in our study. Also, the studies are done in different socio-cultural settings and the sample 

populations are different compared to ours, one being done in a rural area, the other in a 

medical college among COPD patients or the studies were done mostly among the elderly 

population. All these factors could contribute to the differences in the overall depression 

between our study and the other studies done in India.  

 

Studies on the prevalence of depression (both known and unrecognized) in different parts of 

India have shown results ranging from 5% - 39% (83,96–99). In the few that focused on 

undiagnosed depression in India, a study done in a rural hospital in Delhi, among 395 

outpatient atendees, Patient Health Questionnaire - 9 (PHQ-9) was used to assess depression. 

This study showed a prevalence of 23.8% unrecognised depression (99). A study 

investigating the prevalence of depressive symptoms using MADRS among 275 community 

resident elders in Kerala reported a prevalence of 39.1% (98). In a cross-sectional study 

among 185 elderly subjects in an urban area in Banglaore reported a prevalence of 15.7% 

unrecognized depression. The instrument used to investigate depression was 15-Item Geriatric 

Depression Scale (GDS-15) (148).  
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Studies conducted around various places in India have shown that depression is significantly 

associated with low SES, female gender, low education status, being widowed/divorced, 

unemployment, co-morbid conditions like cardiac illness, COPD, diabetes (99,148). 

 

Co-existence between T2DM and Depression 

Ø Prevalence of Depression in T2DM subjects 

As mentioned above, depression has been found to have a strong relationship with several 

chronic conditions. Studies show that depression is more common in those who have a 

medical history of cardiac illness, hypertension, Type 1 & 2 Diabetes Mellitus, chronic lung 

diseases, arthritis, cancer, cerebrovascular diseases, endocrinal or neurological diseases and 

metabolic disorders (80,81,149). Our study also focussed on finding depression in those with 

one of the above mentioned chronic illness, namely, undiagnosed Type 2 Diabetes Mellitus.  

 

In the present study the prevalence of depression in newly diagnosed T2DM showed a much 

higher prevalence than other earlier studies in Chennai accounting for 33.3% of newly 

diagnosed T2DM subjects (Table 3.6). Nearly one-third of the newly diagnosed T2DM 

subjects in this sample had unrecognized depression. A MADRS score of ≥20 was considered 

to have moderate-severe depression in our study. According to our study, 33.3% of the total 

subjects had both undiagnosed T2DM and unrecognized depression. However, the mean 

MADRS score between those without T2DM and the newly diagnosed T2DM group was 

found to be more or less similar. There was no significant difference between the two groups 

and equal variances were assumed (p=0.234) (Figure 3.1).  

 

Studies investigating depression in newly diagnosed diabetic subjects in South-East asian 

region or in India is almost non-existent. A population-based study was done to investigate 

depressive symptoms using MADRS scale in rural Bangladesh. The study included 184 newly 

diagnosed T2DM subjects and 768 non-diabetic subjects. 29% of the males and 30.5% of the 

females with newly diagnosed T2DM and 6% of males and 14.6% of the females in the non-

diabetics were found to have depressive symptoms using MADRS ≥20 score. The overall 

depression in newly diagnosed T2DM was found to be 29.7% in this population (116). A 

similar study was done in a rural area in Pakistan, among 1290 randomly selected individuals. 

This study also used MADRS scale to diagnose depressive symptoms and found that 14.7% 

of the newly diagnosed T2DM had depression compared to 4.9% without T2DM (115). A 

study done in Chennai, South India among 26,001 subjects recruited from Chennai Urban 
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Rural Epidemiology Study, showed that prevalence of depression increased with increasing 

grades of glucose intolerance. The study used PHQ-9 questionnaire to assess depression. 

Depression was measured to be highest among those with newly diagnosed diabetes (19.7%) 

compared to those with normal fasting glucose (13.1%) and impaired fasting glucose levels 

(15.7%).  The overall depression prevalence in this study, in Chennai, was found to be 14.3% 

(150).  

 

The present study showed a prevalence of depression of 33.3% in newly diagnosed T2DM 

similar to the population based study in rural Bangladesh which showed an overall prevalence 

of 29.7% among newly diagnosed diabetic subjects (116). It should be noted that the sample 

population and the settings between our study and the study in Bangladesh are different.  

However, MADRS scale was used to assess depressive symptoms in both the studies. A study 

done in the urban population of Chennai found a prevalence of 19.1% depression in newly 

diagnosed T2DM but used a different depression scale to assess depressive symptoms (150). 

Thus, it hard to compare the prevalences because of the huge variances in settings, culture, 

sample population and the depression scales used. 

 

Ø Bi-directional relationtionship between T2DM and depression 

Evidence from earlier research show that T2DM and depression have a bi-directional 

relationship. It should be noted that, all the subjects in our study were both undiagnosed for 

T2DM and depression. Despite the evidence of bi-directional relationship, for the present 

study, we chose the direction from T2DM to depression for all the analyses performed. 

T2DM was considered as the main exposure for depression. In order to find other factors that 

could possibly have an associated with depression a DAG analysis was done using DAGitty 

software (Figure 1.7) (125) 

 

All the subjects recruited in our study were undiagnosed for T2DM during data collection. 

This means that those who ended up with a T2DM diagnosis probably were in the early stage 

of the disease Therefore, the depressive symptoms as assessed by the MADRS scale would 

have a lower score. The MADRS score might have been higher if these patients had been 

diabetics for a long time. This could be considered as a reason why significant relationship 

was not seen between T2DM and depression in our study as found in other studies. 

 

 



 

69	

Ø Other factors associated with depression 

In all the studies exploring factors associated with depression among diabetic subjects, a 

significant association was found with female gender, older age, impaired glucose tolerance, 

increased central obesity or higher BMI, lower socio-economic status, long duration of 

T2DM, poor diabetic-care, complications of T2DM or other co-morbid conditions of T2DM 

such as cardiovascular diseases (Ischemic Heart Disease) (115,116,121–123). 

 

In our study, in the bivariate analysis, the mean MADRS score had a significant association of 

(p<0.05) with variables like: education level, occupation and monthly income. Marital status 

– divorced/widowed category and female gender showed a significance of (p<0.01). 

Teetotallers and the DBP <90 group had a higher mean MADRS score showing a negative 

association with a significance of p<0.01 and p<0.05 respectively (Table 3.7).  

 

In the multivariable regression analysis, all the associations that were significant in the 

bivariate analysis became insignificant except for the divorced/widowed category of civil 

status which remained significant with a p<0.01 even in the adjusted model (Table 3.8). DBP 

showed a borderline significance (p=0.051) in model 2 but not in model 3. Therefore, the 

results of our study show only a significant relationship between depression and those who 

are divorced/widowed.  

 

In the multivariable regression (Table 3.8), in model 1, a linear regression was performed 

with only the main exposure OGTT. In model 2, a multiple regression analysis was performed 

with the main exposure and adjusting for the confounding variables: obesity, hypertension, 

age and physical activity, as per the DAG analysis (Figure 1.7). In model 3, multiple 

regression was performed with adjusting for both the confounding variables and the 

competing exposures (gender, marital status, income, Education, Occupation and Alcohol) for 

the outcome.  

In model 1: B- coefficient for the main exposure OGTT: -0.003 

In model 2: B- coefficient for the main exposure OGTT: 0.004  

In model 3: B- coefficient for the main exposure OGTT: 0.01 

Shift in  the B- coefficient between model 1 to model 2 : 0.007 

Shift in  the B- coefficient between model 1 to model 3 : 0.013 

Statistically, the difference in the B- coefficient from the crude should be the same for OGTT 

in model 2 and 3 after adjusting. However, analysis shows discrepancies between the two 
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results, showing a difference of 0.006 between model 2 and 3. Therefore, it is to be noted that 

the DAG (Figure 1.7) may not be a perfect model and that either one or several of external 

competing exposure may actually be confounders. 

 

The lowest p-values apart from the divorced/widowed civil status category was seen for 

OGTT (p=0.18) in model 3. If the study had a better statistical power, a true relationship 

between T2DM and depression and also other factors associated with depression could have 

been confirmed. However, that is not possible with our study and no firm conclusions can be 

made from the results of our study. 
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4.2 Methodological Considerations  
Study Design 

This research study was made in a cross-sectional design. It was designed to study the 

prevalence of newly diagnosed Type 2 Diabetes Mellitus and depression in the newly 

diagnosed diabetic subjects and the relationship between them at one point in time. 

 

Cross-sectional studies are usually aimed at investigating the frequency of a disease and its 

risk factors in the study population at a particular point in time. The risk indicators are usually 

those related to socio-demographic, economic, health-related indicators and others that have 

shown significant associations in previous studies. Cross-sectional studies can be efficiently 

carried out in a short period of time, since data is usually collected only at a particular point in 

time. They are also usually relatively easy to be executed as a large number of variables can 

be assessed at the same time, they are relatively inexpensive, of use in public health planning, 

no major ethical issues as the study usually involves no risk to the participants and no loss to 

follow-up (151). Despite all the above mentioned advantages of cross-sectional studies, they 

also come with certain limitations. With a cross-sectional study, it is difficult to make a causal 

inference i.e.,. it is difficult to establish the time sequence of events, unlike cohort studies in 

which the sequence of events are recorded, making it possible to analyze the cause-effect 

relationship between two conditions. Cross-sectional studies also give the prevalence picture 

at one point, the results may vary if the outcome is measured at a different point in time. 

However, for our study, a cross-sectional study was designed because of the limited time 

frame and budget. In addition, data on the prevalence of depression among previously 

undiagnosed diabetes subjects is scarce. Therefore, in order to explore and generate some 

epidemiological data on the prevalence, a cross-sectional study was conducted. Risk factors 

associcated with these conditions could also be investigated. Identifying the associated risk 

factors may also serve as a foundation for developing new prevention, treatment and 

management of disease strategies and policy developments.  
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Population & Sample Size 

The aim of our study was to assess the adult population in Chennai, a metropolitan city, India. 

The urban population was chosen due to the increasing rates of both T2DM and depression in 

this population. Since data on the prevalence of depression in newly diagnosed T2DM was 

scarce, calculating a proper sample size was challenging. However, the required sample size 

was calculated to be 243, using the prevalence from a previous study also done on newly 

diagnosed T2DM subjects in Chennai. A total of 203 eligible participants according to the 

inclusion and exclusion critieria were invited to participate in the study by a systematic 

sampling. Out of these, only 145 agreed to participate. The total response rate was 59.7% of 

the calculated sample size. A total of 58 subjects refused to participate, mostly being women. 

A response rate determines how well the results can be generalized.  

 

Two types of error normally occur in any hypothesis testing. Type I errors (α) occur when the 

null hypothesis is true and is rejected, otherwise more commonly known as a ”false positive”. 

α  denotes the significance level, usually α=0.05, that is set for the hypothesis test. Lower the 

value of α, lower the chances of committing type I error. A type II errors (β) occur when a 

null hypothesis is false and still failing to reject it, also called as a ”false negative”. The 

probability of this type of error depends on the statistical power of the test. A sample size that 

is large enough ensures that the test has enough power, thereby reducing the probability of 

Type II error. A schematic presentation of how a small sample size affect the conclusions of a 

result is can be seen in Figure 4.1. In our study, the sample size is relatively small, thus the 

possibility of Type II error cannot be ruled out.  

 

 

Figure 4.1 - A schematic presentation of how sample size 

influences conslusion, Hackshaw, 2008, (159) 
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Assessment Tools  

According to WHO, IDF and ADA, the ”gold standard” of measure for the diagnosis of 

T2DM is the Oral Glucose Tolerance Test (OGTT) (28). Postprandial glucose serves as an 

early marker for impaired glucose homeostasis and is also a sensitive indicator in assessing 

the risk of developing diabetes. For the diagnosis of T2DM, Fasting Blood Glucose test, Oral 

Glucose Tolerance Test and HbA1c test were analyzed for all study participants. In our study, 

OGTT measurements were used as a continuous variable and as the main exposure for the 

outcome depression. 

 

A large number of scales are available for the evaluation of depression. However, Hamilton 

Depression Rating Scale (HDRS) is considered the ”gold standard” of depression measures 

(152). MADRS scale is also a widely used scale for assessing depression. Both these 

instruments are not diagnostic instruments but are rather scales that measure the number, type 

and the intensity of the depressive symptoms. These instruments are widely used to 

distinguish the level of severity of the disease. In India, MADRS has been a validated 

instrument used in several epidemiological and clinical trial studies. Kuruvilla et al, 2008, in 

his commentary on the use of depression rating scales in India has reported that MADRS 

emphasizes more on cognitive symptoms making it better suited for the urban population of 

India. However, it was stressed that there is a need for the scale to be translated into local 

languages for improved quality and validity of studies (153). This present study was done 

among the urban population making MADRS a good instrument to assess depressive 

symptoms. In addition, the MADRS questionnaire was also translated into the local language 

and a pilot study was conducted to increase the validity of our study. 

        

Bias 

In epidemiology, a bias is defined as an error in the study design or execution of the study 

(154). All epidemiological studies are subject to bias producing results that are 

misrepresented. Sources of these errors can be systematic or random. Systematic errors are 

those repeatable inaccuracies that are consistently in the same direction. Random errors are 

statistical fluctuations in the data due to precision limitations and can occur in both directions. 

Random errors usually occur when the measured values diverges from the true population by 

chance alone. However, the effects of random errors can be reduced if the sample size is large 

enough. In our study, since the sample size is relatively small, it s highly likely that the study 
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does have random errors and deviation in measurements from the true population should be 

expected. 

 

In epidemiology, three types of bias exist: selection bias, information bias and confounders 

(154). Both selection bias and information bias usually occur during the design of the study or 

at the execution of it and cannot be undone. Confounders on the other hand, when it occurs 

can be corrected with advanced mathematical methods. Thus, it is always important to 

minimize the occurrence of these errors. 

 

Ø Selection Bias 

Selection bias usually occurs during the selection process of the participants for the study, 

when the selected sample is not a mirror image of the target population (154).  

 

In our study, all subjects who visited the hospital with unknown diabetes and depression were 

given equal chances to participate in the study. However, it should be noted that the hospital 

is a private setting, well known for its specialization in diabetes. Therefore, the study sample 

is not representative of the population of Chennai should definitely be noted. In addition, the 

possibility that only a selected group of people visit this private hospital (for ex: those who 

can afford a private hospital) should also be considered. This means that and that the sample 

represents only a particular group of people and not the entire population in Chennai. 

Therfore, a selection bias should definitely be considered in our study for the above 

mentioned reasons. 

 

Ø Information Bias 

Systematic inaccuracies in the information or measurements obtained from participants is 

referred to as information bias. There are several sources of information bias. It could be as an 

error from the interviewer, the respondent or the instrument being used to make the measures. 

 

Observer bias usually occurs when there are systematic differences in the way information is 

collected from the participants (155). In our study, all the questionnaires were interviewer-

administered. Interviewer-administered questionnaires are more reliable than self-reported 

ones as they give higher response rates and complete questionnaires. To decrease observer 

bias, all interviews, data collection from medical records were done by the researcher alone. 

Since the interviewer was from the same culture and the same area, the interviewer knew the 
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local language and also had a good understanding of the social and cultural norms, which was 

an advantage. Also, the interviewer was blinded to the diabetic and depression status of the 

study participants. Therefore, all the interviews were held the same way.  

 

In order to decrease measurement bias,  measurements for anthropometry, blood pressure, 

body fat percentage and blood for biochemical parameters were always taken by well trained 

health personnels (researcher, phlebotomists) with several years of experience. All the 

measuring instruments were properly checked, validated and calibrated before data collection. 

All the blood samples were analyzed by the certified laboratory stationed within the hospital. 

 

Recall bias occurs when participants recall information differently. This type of bias is the 

most common form and usually seen in case-control studies, but is possible to find them in 

cross-sectional studies as well (154). The present study is subject to this type of bias when 

information regarding family history of the exposure or outcome, medical history, use of 

medications and dietary habits were obtained. 

 

Reporting bias is the type of bias when subjects choose to reveal or suppress information. It is 

to be noted that, in our study, answers to questions regarding smoking and alcohol, monthly 

income, medical history, depressive symptoms (for ex: those about suicide) could have all 

deviated from the truth due to different cultural, social or religious reasons. 

 

Ø Confounding 

Confounding usually occurs when the observed result between the exposure and the outcome 

differs from the truth because of the influence of a third factor (confounder). The presence of 

a confounder can make the results inaccurate and even change the direction of an association 

(155). 

 

In order to reduce the effect of confounders and produce relatively accurate results in our 

study, confounding variables identified through literature for both T2DM and depression were 

used for the analysis of the results. Multivariable regression analysis was used to adjust for 

the confounding variables. However, there might still remain certain confounders that are not 

controlled for and this must be noted. 
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Validity 

Validity of a study in epidemiology is defined as the accuracy of the method of measurement. 

A study is increased in validity when the systematic error and random error is as minimal as 

possible (156). There are two types of validity: external and internal. 

 

Ø Internal Validity 

Internal validity refers to the extent to which the results of an observation are correct for the 

group of people being investigated. All sources of systematic errors threaten the internal 

validity of a study, but can be overcome by a good study design and good precision (156). 

Precaution was taken to reduce measurement bias as much as possible in our study. For ex. all 

blood samples were analyzed by the same lab, all measurements were taken by the same 

calibrated instruments. In addition, confounders were controlled for to reduce their effects. 

   

Ø External Validity 

External validity, otherwise, known as generalizability refers to the extent to which the results 

of a study can be applied to the general population. It can be affected by a small sample size 

or an incorrect selection of sample (157). As far as generalizability is considered, it should be 

noted that the present study was done in one of the metropolitan cities of India The results 

can’t be generalized to the entire population of India, not even to Chennai population because 

of the huge cultural, regional, socioeconomic disparities. In addition, the possibility that the 

small sample size affecting the validity cannot be ruled out in our study. Therefore, the 

prevalences measured in our study can only be related to a similar study done in the same 

socio-economic, regional  and cultural  context. 

 

 

Reliability 

In epidemiological terms, reliability is defined as the degree to which a measurement 

procedure can be reproduced. Observer variability, subject variability and instrument 

variability result in low reliability (157). However, reliability can be increased in a study by 

standardizing the methods of measurement. MADRS is a widely used depression scale in 

India. However, the questionnaire had never been translated into the local language (Tamil) or 

checked for it’s reliability. Therefore, prior to data collection in the present study, a pilot 

study was done to validate MADRS. A reliability analysis was performed in SPSS and a 
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Cronbach’s alpha (reliability coefficient) of 0.76 was obtained making the translated version 

of MADRS in Tamil a reliable instrument to assess symptoms for depression. 

 

4.3 Statistical Methodological Considerations 
It should be noted that all the effects of individual variables in the analyses are controlled 

direct effects of the variable on the outcome. For example: physical activity has four 

pathways on depression 

Pathway 1: Physical Activity à Depression (controlled direct effect) 

Pathway 2: Physical Activity à Type 2 Diabetes à Depression 

Pathway 3: Physical Activity à Obesity à Depression 

Pathway 4: Physical Activity à Obesity à Type 2 Diabetes à Depression 

In the regression models pathways 2, 3 and 4 are adjusted for and the results presented in the 

models show a controlled direct effect of physical activity on depression i,e.,. pathway 1. 

If the total effect of  Physical activity was to be assessed i.e.,. effects from all 4 pathways 

(refer to DAG model, Figure 1.7), a different model needs to considered according to Table 2 

Fallacy (158). This assessment is beyond the scope and time of this research project and 

thesis. Therefore, only the direct effects of the individual factors were chosen to be presented 

in the analysis (Table 3.8),. 

 

Assumptions of linearity, independence between residuals and normality/homoscedasticity for 

the linear regression were also assessed for. Our study found that the residuals were normally 

distributed and homoscedastic. The assumption of linearity was violated in our study for the 

multiple regression model as the plot showed a quadratic pattern. However, OGTT our main 

exposure was found to be linear. Therefore, no further considerations were made. All our 

residuals were independent of eachother. A detailed explanation of the assumptions can be 

found later in this thesis (Appendix 5) 

 

4.4 Strengths of the Study 
The present cross-sectional study is one of the few studies that has focused on finding the 

prevalence of undiagnosed depression in newly diagnosed Type 2 Diabetes Mellitus and the 

association between them. The study included adults of all ages, both genders. All the data 

was collected by structured-interviews. 
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Secondly, all the data collected by questionnaires (socio-demographic details, physical 

activity, dietary habits, MADRS score), measurements (anthropometric, blood pressure and 

body fat %)  and data from medical journals were collected by one investigator. Only in very 

rare circumstances was blood pressure measured by a well-trained health personnel from the 

hospital. All the instrument used in measurements (sphygmomanometer, Tanita body fat 

analyzer) were validated and calibrated. The blood samples were taken by well-trained 

phlebotomists and all the analysis was done by one certified lab placed within the hospital. 

 

Depression was assessed by MADRS. The MADRS questionnaire was translated to the local 

language and a pilot study was conducted to validate the translated questionnaire. Also, a 

reliability test was performed to check for internal consistencies. The interview was always 

conducted by one researcher. The questionnaire was administered to the study subjects before 

they went to find their diabetes results. Therefore, it is unlikely that the diabetes results 

influenced the depression scores. 

 

Finally, most of the potential confounding factors were controlled for in the multivariate 

regression models. All the assumptions relating to any multiple linear regression models were 

also considered and analyzed. 

 

 

4.5 Limitations of the Study 
The study has a few limitations that are noteworthy. It should be noted that the sample size in 

our study is small (N=145) compared to the targeted sample size of 243, making it hard to 

find a precise prevalence of depression in T2DM. Recruiting undiagnosed T2DM participants 

was challenging in the study, as most subjects who came to the hospital were already known 

T2DM patients and visited the hospital for control or treatment. Only a small proportion of 

subjects were undiagnosed diabetic subjects. This posed as a challenge for the recruitment 

process. Out of the 203 that were eligible to participate in the study over a period of 6 months, 

only 145 participated reaching a response rate of 59.6% of the required sample size. Several 

reasons contributed to the low statistical power. Approximately 58 subjects refused to 

participate or were excluded from the study. This could partly be due to the cultural 

background of the country. Women who visited the hospital with their husbands, most often 

refused to participate in the study. Certain participants who claimed to speak English could 
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not communicate well, and therefore, the interview could not be continued further. In 

addition, data could not be collected for a couple of weeks due to floods in the area. All these 

factors have contributed to the low statistical power, making it one of the important 

limitations of the study. 

 

Our study design was a hospital based, cross-sectional study design. Therefore, a causal 

relationship between the exposure and outcome, in this case T2DM and depression, cannot be 

proved.  

 

The other main weakness of our study is that it does not report an exposure time for either 

Diabetes or Depression, making it hard to predict if the subject had T2DM or depression first. 

All the analyses in our study were performed with Diabetes as the exposure and depression as 

the outcome. However, it should be acknowledged that there is a chance for subjects to have 

had depression first leading to T2DM. 

 

The sample was obtained from one urban area of a huge city (Chennai) and a small region of 

South India. As mentioned above, India is a huge country with wide and varied cultures, 

religions and ethnicities. Therefore, the results cannot be generalized to the whole country or 

even to the population of Chennai. 

 

The depression scale MADRS score is an assessment of depressive symptoms rather than 

depression itself. Therefore, a true prevalence of depression cannot be projected with it. In 

addition, in a culture where depression is highly stigmatized, the response to questions 

regarding suicide for example may not reveal the whole truth. Therefore, the results may not 

be true results and maybe under or over estimated. 

 

Depression and T2DM have a bi-directional relationship. However, for our study we chose 

the direction from Diabetes to depression. We did not check for the opposite causal link i,e., 

from depression to T2DM which may have projected different results and a different 

relationship between the two conditions.  
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CHAPTER 5 

CONCLUSION
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5.1 Implications 
The present study aimed at exploring the relationship between depression and Type 2 

Diabetes Mellitus and the prevalence of depression among newly diagnosed diabetic subjects. 

The underlying mechanisms of the relationship between the two conditions has a lot of 

discrepancies, however, this thesis aimed to focus on the causal direction from T2DM to 

depression and implications for future studies in the areas of screening, diagnosis and 

treatment of depression in diabetes and life-style modifications for prevention. 

 

Review of the literature shows that data on both undiagnosed T2DM and unrecognized 

depression is scarce, not only in India but in the whole South-East Asian region. Therefore, 

the two conditions need to be explored further and investigated in different settings for 

epidemiological data and for comparisons between countries. This is probably the most 

important implication of our study. Our study is one of the few studies exploring the 

unrecognized depression in newly diagnosed diabetes and  the data produced could be used as 

a reference for bigger studies exploring these areas.  

 

The data from the study may serve as a reference point when new public health policies 

focusing on effective diagnostic and screening methods for depression are developed. 

However, before that, further large scale studies will be needed to be performed in different 

set-ups to see the differences or similarities in prevalence of unrecognized depression in areas 

within India. Health promotion strategies for those with both the conditions may need to be 

developed in order to have a better quality of life and reduce suffering from these comorbid 

conditions. 

 

 

5.2     Recommendations 
According to our study, nearly one-fourth of the study population did not know that they had 

T2DM and nearly one-third did not know they had moderate-severe depression. In addition, 

one-third of those who were newly diagnosed with diabetes were also depressed. These 

results should be tested in other regions of the country in order to confirm and compare. 

 

Comorbid depression with diabetes has been confirmed to result in worse health outcomes 

thereby increasing health care costs and poor quality of life. Awareness need to be made 
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among both health personnel and the public on comorbidity between the two conditions and 

efficient screening methods need to be implemented to recognize depression as early as 

possible. In addition, treatment regimens or management of depression and their effects on 

glycemic control further need to be explored. 

 

Furthermore, it should be emphasized that there be regular screening for both depression and 

diabetes. Our results also show that awareness need to be created among the general 

population and mental health should be included in diabetes prevention programs. An 

integrated management for both diabetes and depression need to be developed and 

implemented to reduce the burden of the diseases. 

 

 

5.3  Future Research 

• Research in different parts of India need to be conducted to compare results on 

unrecognized depression. 

• These type of studies need to be applied in other countries in the South-East Asian 

region for comparative purposes. 

• To identify direction of the relationship between the two conditions much larger  

population-based studies are needed. 

• Research focusing on different intervention strategies for depression in diabetes need 

to be studied. 
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APPENDICES 
 

Appendix-1: Socio-Demographic Questionnaire 
 

Questionnaire No:_____________ Interview Date: ___________ 

M.No: _______________ 

Informed Consent Obtained:   ☐ 

 

A. Socio - Demographic Details 

 

1. Sex: ☐ Male ☐ Female 

2. Date of Birth:  

3. Marital Status: ☐ Single 

☐ Married 

☐ Divorced / Widowed 

4. Highest grade / level of education: ☐  No formal schooling 

☐  Less than primary school (1st – 4th std) 

☐  Primary school completed (5th std passed) 

☐  High school completed (10th std passed) 

☐ Higher secondary school completed (12th std 

passed) 

☐  Technical education 

☐  Graduate 

☐  PG degree or above 

5.  Occupation: ☐ Professional 

☐ Teacher / Professor 

☐ Clerical / Office staff 

☐ Corporate Executive 

☐ Home maker 

☐  Labourer 

☐ Retired 

6. Monthly Income:  
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7. Living Situation: ☐  Alone 

☐  With Family 

 

B. Life Style Details 

 

8. Smoking Status: ☐  Non-smoker 

☐  Ex-smoker 

☐  Current smoker, if yes 

  ☐ Occasionally 

  ☐ < 10 cigarettes per day 

     ☐ 10-20 cigarettes per day 

  ☐  > 20 cigarettes per day 

10. Drinking Status ☐  Non-drinker  

☐ Ex-drinker 

☐   Current drinker, if yes 

  ☐ 1-4 drinks per month 

  ☐   2-5 drinks per week 

  ☐   6 or more drinks per week 

11. Physical Activity (enclosed as  a seperate questionnaire (MPAQ)). 

 

C. Anthropometry & Blood Pressure Measurements 

 

12. Height (cms):                                              cms 

13. Weight (kgs):                                              kgs 

14. BMI (weight in kg/height in m2):                                              kg/m2 

15. Waist Circumference (cms):                                              cms 

16.  Hip Circumference (cms):                                              cms 

17. Waist to hip ratio (waist circumference 

/ hip circumference): 

 
 

18. Blood Pressure: 

Systolic: 

Diastolic: 

 

                                              mmHg 

                                              mmHg 
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19. Body Fat Percentage:                                                  %                                                                                                                       

 

 

D. Biochemical Values 

 

20. Glucose tests 

(a) Fasting Blood Glucose test:                             mg/dL 

(b) Oral Glucose Tolerance Test:                             mg/dL 

21. Lipid Profile  

(a) Serum Total Cholesterol:                              mg/dL 

(b) Serum Triglyceride:                              mg/dL 

(c) Serum Low Density Lipoprotein:                              mg/dL 

(d) Serum High Density Lipoprotein:                              mg/dL 

22. HbA1c:                             % 

 

E. Medical & Psychiatric History  

 

23. 

 

Past Medical Conditions:  

 (a) Diagnosed medical condition:  

Year of diagnosis:  

Treatment:  

  

(b) Diagnosed medical condition:  

Year of diagnosis:  

Treatment:  

  

(c) Diagnosed medical condition:  

Year of diagnosis:  

Treatment:  

  

(d) Diagnosed medical condition:  

Year of diagnosis:  
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Treatment:  

  

24. 

 

Does the subject have a history of 

depression or any other psychiatric 

illness? 

 

 Year of diagnosis:  

 Treatment  

 

F. Dietary Habits ( enclosed as a seperate questionnaire (24-hour dietary recall)) 
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Appendix-2: MPAQ (short- MDRF Physical Activity Questionnaire 
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Appendix-3: 24-hour dietary Recall Questionnaire 
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Appendix-4: Montgomery-Åsberg Depression Rating Scale (MADRS) 

 

DEPRESSION QUESTIONNAIRE 

 

Questionnaire No:_____________ Interview Date: ___________ 
M.No:_______ 
Informed Consent Obtained:   ☐ 
              

Montgomery-Åsberg Depression Rating Scale (MADRS) 

The rating should be based on a clinical interview moving from broadly phrased questions 
about symptoms to more detailed ones which allow a precise rating of severity. The rater 
must decide whether the rating lies on the defined scale steps (0, 2, 4, 6) or between them (1, 
3, 5) and then report the appropriate number. The items should be rated with regards to how 
the patient has done over the past week.  

 

1. Apparent Sadness : 
 
Representing despondency, gloom and despair, (more than just ordinary transient low 
spirits) reflected in speech, facial expression, and posture. Rate on depth and inability to 
brighten up.  

 0  No sadness                                  

 1 

 2  Looks dispirited but does brighten up without difficulty. 

 3 

 4  Appears sad and unhappy most of the time. 

 5 

 6  Looks miserable all the time. Extremely despondent. 

 Score:  

------ 

 
2. Reported sadness : 

Representing reports of depressed mood, regardless of whether it is reflected in 
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appearance or not. Includes low spirits, despondency or the feeling of being beyond 
help and without hope.  

 0  Occasional sadness in keeping with the circumstances. 

 1 

 2  Sad or low but brightens up without difficulty.  

 3 

 4  Pervasive feelings of sadness or gloominess. The mood is still influenced by external 
circumstances. 

 5 

 6  Continuous or unvarying sadness, misery or despondency.  

 Score:   

------ 

 
3. Inner tension : 

Representing feelings of ill-defined discomfort, edginess, inner turmoil, mental tension 
mounting to either panic, dread or anguish. Rate according to intensity, frequency, 
duration and the extent of reassurance called for.  

 0  Placid. Only fleeting inner tension.  

 1 

 2  Occasional feelings of edginess and ill-defined discomfort.  

 3 

 4  Continuous feelings of inner tension or intermittent panic which the patient can only 
master with some difficulty.   

 5 

 6  Unrelenting dread or anguish. Overwhelming panic. 

 Score:  

------ 

 
4. Reduced sleep : 

Representing the experience of reduced duration or depth of sleep compared to the 
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subject’s own normal pattern when well. 

 0  Sleeps as usual. 

 1 

 2  Slight difficulty dropping off to sleep or slightly reduced light or fitful sleep. 

 3 

 4  Sleep reduced or broken by at least two hours. 

 5 

 6  Less than two or three hours sleep. 

 Score:  
------ 

 
5. Reduced appetite : 

Representing the feeling of a loss of appetite compared with when-well. Rate by loss of 
desire for food or the need to force oneself to eat.  

 0  Normal or increased appetite. 

 1 

 2  Slightly reduced appetite. 

 3 

 4  No appetite. Food is tasteless. 

 5 

 6  Needs persuasion to eat 
 

 Score:   
------ 

 
6. Concentration difficulties : 

Representing difficulties in collecting one's thoughts mounting to an incapacitating lack of 
concentration. Rate according to intensity, frequency, and degree of incapacity produced.  

 0  No difficulties in concentrating.  

 1 

 2  Occasional difficulties in collecting one's thoughts.  
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 3 

 4  Difficulties in concentrating and sustaining thought which reduced ability to read or 
hold a conversation.  

 5 

 6  Unable to read or converse without great difficulty.  

 Score:  

------ 

 
7. Lassitude : 

Representing difficulty in getting started or slowness in initiating and performing 
everyday activities.  

 0  Hardly any difficulty in getting started. No sluggishness.  

 1 

 2  Difficulties in starting activities.  

 3 

 4  Difficulties in starting simple routine activities which are carried out with effort.  

 5 

 6  Complete lassitude. Unable to do anything without help.  

 Score:  

------ 

 
8. Inability to feel : 

Representing the subjective experience of reduced interest in the surroundings, or 
activities that normally give pleasure. The ability to react with adequate emotion to 
circumstances or people is reduced.  

 0  Normal interest in the surroundings and in other people.  

 1 

 2  Reduced ability to enjoy usual interests.  

 3 
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 4  Loss of interest in the surroundings. Loss of feelings for friends and acquaintances.  

 5 

 6  The experience of being emotionally paralysed, inability to feel anger, grief or pleasure 
and a complete or even painful failure to feel for close relatives and friends.  

 Score:  

------- 

 
9. Pessimistic thoughts : 

Representing thoughts of guilt, inferiority, self-reproach, sinfulness, remorse and ruin.  

 0  No pessimistic thoughts.  

 1 

 2  Fluctuating ideas of failure, self-reproach or self- depreciation.  

 3 

 4  Persistent self-accusations, or definite but still rational ideas of guilt or sin. Increasingly 
pessimistic about the future.  

 5 

 6  Delusions of ruin, remorse or irredeemable sin. Self- accusations which are absurd and 
unshakable.  

 Score:  

------ 

 
10. Suicidal thoughts : 

Representing the feeling that life is not worth living, that a natural death would be 
welcome, suicidal thoughts, and preparations for suicide. Suicide attempts should not in 
themselves influence the rating.  

 0  Enjoys life or takes it as it comes.  

 1 

 2  Weary of life. Only fleeting suicidal thoughts.  

 3 
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 4  Probably better off dead. Suicidal thoughts are common, and suicide is considered as a 
possible solution, but without specific plans or intention.  

 5 

 6  Explicit plans for suicide when there is an opportunity. Active preparations for suicide.  

 

 

Score:  

------ 

 
 TOTAL SCORE:  

------ 

 

 

Montgomery, S.A. & Åsberg, M. (1979). A new depression scale designed to be sensitive to 
change. British Journal of Psychiatry, 134, 382-389.  
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Appendix-5: Assumptions  
In any linear regression models, there are several key assumptions about the dependent 

variable, the independent variables and the relationship between them. The following are the 

major assumptions made by standard linear regression models. 

 

1. Normality of Residuals and Homoscedasticity 

 
Figure (a) – Normality of residuals  

 

Normality of the residuals can be examined using a histogram or P-P plot. If the residuals are 

not skewed, this means that the assumption is satisfied. In the present study, from the 

histogram (Figure (a)), there is a slight skewdness seen, but it is not hugely deviated from a 

normal distribution. Therfore, we can say that the normality for residuals assumption is met. 

Also, ideally, residuals are randomly scattered around 0 with an even distribution referring to 

then being homoscedastic. If the residuals are unscattered then the residuals are said to be 

heteroscedastic. In our study, the residuals are more or less randomly scattered around zero 

providing a relatively even distribution (Figure (b)). Therefore, we can say that the residuals 

are homoscedastic or that they have equal variance. 
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2. Independence of residuals 

This assumption is that there is independence between residuals i.e.,. the subjects are 

responding individually. This assumption is usually violated in longitudinal data where same 

measures are repeated in the same individual over time resulting in two or more residuals 

from the same subject which may lead to a correlation. In cross-sectional datasets, it is 

assumed that this assumption is met. In our study, no two subjects were related nor was data 

acquired from the same subject at two different times to violate this assumption in our study. 

Therefore,  it could be said that there is no correlation between the residuals and that they are 

independent from eachother.  

 

3. Linearity 

 
Figure (b) - Scatterplot of residuals and predicted value to show linearity & 

homoscedascity 

 

Linearity defines that the dependent variable is in linear function with the independent 

variables. A non-linear relationship can under or over estimate the true relationship between 
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the variable. The residual plot for OGTT the main exposure was found to be linear. However, 

the residual plot for the multivariable regression, shows a non-linear pattern, more or less a 

quadratic pattern (Figure (b)).  Thus we can conclude that there is a non-linear relationship 

between the dependent variable and independent variables, violating the linearity assumption.  
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Appendix-6: Ethical Approval & Amendment from REK 
  

 

 

Region: Officer: Phone:  Our date: Reference:

REC South-East Gjøril Bergva 22845529  30.06.2015 2015/1001
REK sør-øst D

 Your date:

 12.05.2015
 

Besøksadresse:
Gullhaugveien 1-3, 0484 Oslo  

Telefon: 22845511
E-post: post@helseforskning.etikkom.no
Web: http://helseforskning.etikkom.no/

 
All post og e-post som inngår i
saksbehandlingen, bes adressert til REK
sør-øst og ikke til enkelte personer

 
Kindly address all mail and e-mails to
the Regional Ethics Committee, REK
sør-øst, not to individual staff

 
Akhtar Hussain
University of Oslo

2015/1001  diabetes og depresjon og deres assosiasjoner med fedme 

 University of OsloResponsible for Research:
 Akhtar HussainChief Investigator:

In regard to your application considered by the Committee on the 10th of June 2015.

Project summary
The study would detect what percentage of newly detected diabetic subjects have depression and what
factors are related to depression with a focus on obesity measures (BMI, body fat %, waist -to-hip ratio).
The study is a cross-sectional study, quantitative in nature. Structured interviews using questionnaires for
socio-demographic and lifestyle details, dietary habits will be conducted. A depression scale (MADRS)
questionnaire will be used to score depression. Information from patient journal would be used to collect
data on past medical and psychiatric history, clinical data, anthropometric and blood pressure
measurements.

We hereby confirm that the Regional Committee for Medical and Health Research Ethics, section
South-East D, Norway has received the project “Prevalence of Depression in Type 2 Diabetes Mellitus it's
association to Obesity.” for review. The project was discussed on the 10th of June 2015.

The Regional Committee has the authority to either approve or disapprove medical and health research
studies conducted within Norway, or by Norwegian institutions, in accordance with ACT 2008-06-20 no.
44: Act on medical and health research (the Health Research Act "HRA").

Committee’s ethical considerations
The Committee has no objections to the design of the study. The research project is approved.

The Committee has a comment to the patient information sheet: The second sentence in the second section
is overselling the study. This sentence should be rewritten in a more neutral form, optionally including the
word “may”: The study  help researchers, health personnel and physicians to find the risk rate formay
depression among diabetic subjects, what factors are related to depression, how to reduce the
co-occurrence of diabetes and Depression, and what preventive and/or treatment strategies should be
implemented for both depression and factors that are associated with depression.

Based on the information provided in the application, the Committee assumes that the project is approved by
a Local Health Research Ethics Committee in India.
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Decision
In accordance with the HRA, the Regional Ethics Committee approves the implementation of the research
project as described in the application. The patient information sheet must be revised and sent to the
Committee.

The Regional Ethics Committee approval is valid until the 1st October 2016.

The personal data/information collected during the course of the project should not be stored longer than the
given timeframe of the project. The personal data/information should thereafter be anonymised or erased.

The decision of the Committee may be appealed to the National Committee for Research Ethics in Norway.
The appeal will need to be sent to the Regional Committee for Research Ethics in Norway, South-East D.
The deadline for appeals is three weeks from the date on which you receive this letter.

Yours sincerely

Finn Wisløff
Professor em. dr. med.
Leader

Gjøril Bergva
Adviser

Copy: University of Oslo, highest administrative manager: universitetsdirektor@uio.no
University of Oslo, Faculty of Medicine: postmottak@medisin.uio.no
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Region: Officer: Phone:  Our date: Reference:

REC South East Ingrid Dønåsen 22845523  23.09.2015 2015/1001
REK sør-øst D

 Your date:

 09.09.2015
 

Besøksadresse:
Gullhaugveien 1-3, 0484 Oslo  

Telefon: 22845511
E-post: post@helseforskning.etikkom.no
Web: http://helseforskning.etikkom.no/

 
All post og e-post som inngår i
saksbehandlingen, bes adressert til REK
sør-øst og ikke til enkelte personer

 
Kindly address all mail and e-mails to
the Regional Ethics Committee, REK
sør-øst, not to individual staff

 
Akhtar Hussain
University of Oslo

2015/1001 Diabetes og depresjon og deres assosiasjoner med fedme

 University of OsloResponsible for Research:
 Akhtar Hussain Chief Investigator:

We are writing in reference to your Application for the approval of changes in the above-mentioned project
received on the 9th of September 2015. The Project Amendment was reviewed by the Chair of the Regional
Committee for Medical & Health Research Ethics, Section D, South East Norway.

The Project Amendment involves:
- Participants will be divided into two groups: 1) newly diagnosed type 2 diabetic subjects, and 2) normal
glucose tolerance level (control group).
- Amendment regarding inclusion criteria.
- All the not-know diabetic subjects doing a Glucose Tolerance Test (GTT) to check their diabetes status
would be requested to participate in the study.

Review
REC has reviewed the Application for the approval of changes and has no ethical objections to the
amendments as described in the Project Amendment Form.

Decision
REC approves the Project in accordance with the Act on Medical and Health Research (the Health Research
Act), §11.

The approval is given on the condition that the project is conducted according to the description given in the
Project Application Form, the Project Amendment Form, Revised Protocol and the Health Research Act, as
well as regulations of the law and relevant guidelines.

The decision of the Committee may be appealed to the National Committee for Research Ethics in Norway.
The appeal will need to be sent to the Regional Committee for Research Ethics in Norway, South-East D.
The deadline for appeals is three weeks from the date on which you receive this letter.

Yours faithfully,

Finn Wisløff
Professor em. dr. med.
Chair of the Regional Committee for Medical
& Health Research Ethics of South East Norway,
Section D
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Ingrid Dønåsen
Higher Executive Officer

Kopi til: University of Oslo, highest administrative manager: universitetsdirektor@uio.no
University of Oslo, Faculty of Medicine: postmottak@medisin.uio.no
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Appendix-7: Ethical Ethical Approval & Amendment from MDRF 
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4.

5.

6.

7.

8.

9.

10.

MADRAS DI ETES RESEARGH FOUNDATION
I ONAL ETHIGS GOMMITTEE

Registered with Ofiice for Research Protections (OHRP), US Dept. of Hearth & Human service
IRB No. IORG No. 1ORG0002118; Assurance No. FWA0002981

Registered with Drug General of lndia. Registration No. ECR/1%/lnst.ffN/2013

Date: 17 Jul 2015

To
Dr.Dolley Dixil Charles
Principal I nvestigator
Madras Diabetes Research F
No: 4, Conran Smith Road, Gopala
Chennai -600086

Ref: Title: "PREVALENCE OF RESSION IN TYPE 2 DIABETES MELLITUS AND IT'S
ASSOCTATTON TO OBEStry tN CH NAI, INDIA".

Subject: Approval of study docu
Diabetes Research Foundation.

Dear Dr.Dolley,

ts by the Institutional Ethics Committee of Madras

This is further to your letter dated 27 Jun 2015. the Institutional Ethics
approved for the aboveCommittee of Madras Diabetes Foundation has reviewed and

referenced study during the Ethics meeting held on 07 Jul 2015.

1. Project proposal 'PREVALENC OF DEPRESSION IN.ryPE 2 DIABETES MELLITUS AND
lN CHENNAI, lNDlA" Version No: 1.0 dated 12 May 2A1F

d Informed Consent Form Version no: 1.0 dated 12May

IT'S ASSOCIATION TO

2. Participant Information Sheet
2015 (English)

3. Participant Information Sheet
2015 (Tamil)

Informed Gonsent Form Version no: 1.0 dated 12May

1 .0 dated dated 12 May 2015 (English)

1.0 dated dated 12May 2015 (Tamil)

approval letter dated 30 Jun 2015

Chennai - 600 086, Ph :914443968888, Fax: 9144-28350935

Participant Information Sheet Informed Consent Form Version no: 1.0 dated 12May
2015 - Back translation (Tamil to )

Depression questionnaire ) Version no: 1.0 dated 12May 2015 (English)

) Version no. 1.0 dated 27 Jun 2015 (Tamil)Depression questionnaire (

Respondent information sheet

Respondent information sheet

Socio-Demographic

University of Oslo Ethics

REGD. OFFICE: No.4, Conran Smith Road,
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MADRAS DIA ETES RESEARGH FOUNDATION

I TIONAL ETHICS GOMMITTEE
Registered with Office for Research Protections (OHRP), US Dept. of Health & Human service

IRB No. IORG No. |ORG00021 1 8; Assurance No. FWA0002981
Registered with Drug General of India. Registration No. ECR/194/tnst.ffN/2013

Comments:
The following members were
2015 at 15:00hrs at Madras

during the Institution Ethics committee meeting held on 07 Jul
Research Foundation Auditorium and had voted

Female

Male

Chennai - 600 086, Ph : 914443968888, Fax : 9144-28350935

Role in IEC
Dr.M.D.Nair

alis,Flat No - 4F. 4th
, Boat Club Road,

ram.Chennai - 28
Dr.M.Balasubramanyam Scientist

Diabetes
Foundation.

apuram, Chennai -
Dr.G.Vijayakumar tant Diabetologist

Flat, New No 8,
street, T.Nagar,

Expert
Epidemiology
& Statistician

Female
Dr.S.Swarnalakshmi

i, Chennai-

Dr.M.S.Jawahar 8, First main road,lpic colony,
appair Chennai

Dr. C.N. Ram Gopal no 31 A (old No. 20)Cross Street,

Dr. CR. Anand Moses of Diabetology
Kilpauk Medical

and Hospital,
60001 0600086

REGD. OFFICE : No.4, Gonran Smith Road,
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MADRAS DIA ETES RESEARGH FOUNDATION
ETHIGS GOMMITTEE

Registered with Offce for
IRB No.

We approve the trialto be
year.

Please be informed that the
No.: ECR/1 94/lnsVTN/201 3) with

Research Protections (OHRP), US Dept. of Health & Human service
); fORG No. 1ORG0002118:Assurance No. FWA0002981

in its presented form. The approval is valid for a period of one
1|

Committee is registered with the office of DCG(I) (Reg.
rto DCG(l)'s letter dated 21 Apr 2013.

Registered with Drug General of India. Registration No. ECR/194/lnst.ffN/2013

The Institutional Ethics is constituted according to the Schedule y of Indian &Drugs Cosmetic Act 1940 and Good
Ministry of Health & Family Welfare

I Practice Guidelines issued by the Government of India
of Health), The Drugs & Cosmetic Act 1940 andThe Drug and Cosmetic Rules 1

Pafticipants issued by the Indian
Ethical Guidelines for Biomedical Research on Human

of Medical Research New Delhi 2006 and tCH GCpguidelines & the Clinical Trials act 1987 (amended 1990). This lnstitutional Ethics Committee
operates to the standards laid down i the ICH GCP guidelines published in 1997 and implemented
in January 1998.

Date: jhrd"Lr
lnstitutional Ethics Committee of
Madras Diabetes Research F
Chennai-600 086

Dr.Mrinalini Naresh
Kumar

Director, Harvey

REGD. OFFICE I No.4, Gonran Smith Road, Chennai - 600 086, Ph : 914443968888, Fax : 9144-28350935
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n"ftffiE MADRAS DTABETEs REsEARcH FouNDATToN
arf,hfii^8 tNsTtTuTtoNAL ETHtcS COMMITTEE'\v--o ResisteredY{3RT','-B;i,USlfisit'ffi1$i'3ffi1?ilTikY,?,'?3'^l;llffiil'3#$l"nservice

Registered with Drug Oontroller Generalof lndia. Regishation No. ECFI/1g4llnst./TN/2013

' Date:25 Nov 2015

To
Dr.Dolley Dixil Charles
Principal I nvestigator
Madras Diabetes Research Foundation
No: 4, Conran Smith Road, Gopalapuram
Chennai -600086

Ref: Title: "PREVALENCE OF DEPRESSION lN TYPE 2 DIABETES MELLITUS AND lT'S
ASSOCIATION TO OBESITY IN CHENNAI, INDIA'.

Subject: Approval of study documents by the Institutional Ethics Committee of Madras
Diabetes Research Foundation.

Dear Dr. Dolley,

This is further to your submission letter dated 29 Oct 2015; the lnstitutional Ethics
Committee of Madras Diabetes Research Foundation has reviewed and approved the amendment
for the above referenced study during the Ethics committee meeting held on 12 Nov 2015.

The Project Amendment involves:
- Participants will be divided into two groups: 1) newly diagnosed type 2 diabetic subjects, and 2)
normal glucose tolerance level (control group).
- Amendment regarding inclusion criteria.
- All the nolknow diabetic subjects doing a Glucose Tolerance Test (GTT) to check their diabetes
status would be requested to participate in the study.

The following members were present during the Institution Ethics Committee meeting held on 12
Nov 2015 atb2:30hrs at Madras Diabetes Research Foundation Auditorium and had voted

S.No Name Designations Role in IEC Gender Affiliation
1 Dr.M.D.Nair Consultant

Pharmacologist
Centralis,Flat No - 4F, 4'n
Floor, Boat Club Road,
R.A.puram,Chennai- 28

Chairperson Male No

2 Dr.M.Balasubramanyam Senior Scientist
Madras Diabetes
Research Foundation,
Gopalapuram, Chennai -
600086

Member
Secretary

Male Yes

REGD. OFFICE : No.4, Conran Smith Road, Gopalapuram, Chennai- 600 086, Ph : 914443968888, Fax: 9144-2g350935
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:iffiz MADRAS DIABETES RESEARGH FOUNDATION
affits INST|TUTIONAL ETHtcS COMMTTTEE
' Yv *"' Reoislered 

TAB RT'i-';[iiueffisarffii'J'-ffi1?itTll,y,.:.'?ifl!;lli,TrffiJl'i*'n service

Registered with Drug Controller General of India. Registration No. ECR/1g4llnst.ffN/2013

3 Dr.G.Vijayakumar Consultant Diabetologist
Rams Flat, New No 8,
Raja street, T.Nagar,
Chennai 60001 7

Vice
Chairperson Male No

4 Dr. R. Ramakrishnan Scientist (Deputy Director
S.G.) National Institute of
Epidemioloqv 600077

Expert
Epidemiology
& Statistician

Male No

5 Dr.S.Swarnalakshmi YR Gaitonde centre
forAlDS Research
and Education
Taramani, Chennai-
6001 1 3

Socialworker Female No

6 Dr.M.S.Jawahar 27118. First main road
Olympic colony
Mogappair Chennai
600050

Expert
Medicine

Male No

7 Mr.T.Shankar Executive Management
Solutions, Gopalapuram,
Chennai-600086

Lay Public Male No

8 Ms.Aparna Devi Advocate, High Court,
Chennai - 600001

Expert Legal Female No

9 Dr. C.N. Ram Gopal New no 31 A (old No. 20)1st Cross Street.
Kasturiba
Nagar, Adyar,
Chennai - 600 020

Psychologist Male No

10 Dr. CR. Anand Moses Professor of Diabetology
Govt. Kilpauk Medical
College and Hospital,
Chennai 600010600086

Expert
Medicine

Male No

11 Dr.Purna Shankar Karna Prayag Trust
Welfare Centre for
Women and children.
Teynampet, Chennai-
600018

Social

Scientist
Female No

12 Dr.Annabelle
Rajaseharan

Dean
Vinayaka Missions
MedicalCollege &
Hospital
Keezhakasakudimedu, Kot
tucherry(P.O)
Karaikal 609 609,
Pondicherry (U.T)

Expert Clinical
Pharmacology

Female No

REGD. oFFICE : No' 4, Conran Smith Road, Gopalapuram, Chennai- 600 086, Ph : 91444396gggg, Fax: g144-2g350935
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"""frlfiiRa MADRAs DTABETEs REsEARGH FouNDAttoN3uffiHi^! rNsrrrunoNAl ErHrcs coMMtrrEE'\v*"' ResisleredTAgRT'ft';;suslff;arlil'J'-'lffil?llllLy,.?,,?ifi;lliliflit'#Jl1"n service

Registered with Drug Controller General of lndia. Registration No. ECR/194/lnst./TN/2013

13 Dr.Rema Mathew 1B Madaleine Court, 72

Spurtank Road, Chetpet,

Chennai-600031

Expert
Medicine Female No

14 Dr.Radha Venkatesan Head of Molecular
Genetics Madras
Diabetes Research
Foundation, Gopalapuram
Chennai 600086

Senior
Scientist

Female Yes

We approve the trial to be conducted in its presented form. Please be informed that the Ethics
Committee is registered with the office of DCG(I) (Reg. No.: ECR/194/lnst/TN/2013) with reference
to DCG(l)'s letter dated 21 Apr 2013.

The Institutional Ethics Committee is constituted according to the Schedule Y of Indian &
Drugs Cosmetic Act 1940 and Good Clinical Practice Guidelines issued by the Government of India
Ministry of Health & Family Welfare (Department of Health), The Drugs & Cosmetic Act 1940 and
The Drug and Cosmetic Rules 1945, Ethical Guidelines for Biomedical Research on Human
Participants issued by the Indian Council of Medical Research New Delhi 2006 and ICH GCP
guidelines & the Clinical Trials act 1987 (amended 1990). This Institutional Ethics Committee
operates to the standards laid down in the ICH GCP guidelines published in 1997 and implemented
in January 1998.

Yours truly,
.1-\

-t I -5\
Ir.ldflu ) "ag
vr /-

Dr.M.Balafbramanyam
Member Secretary
lnstitutional Ethics Committee of
Madras Diabetes Research Foundation
Chennai-600 086

Date: ,eL(

REGD. OFFICE : No.4, Conran Smith Road, Gopalapuram, Chennai - 600 086, Ph : 914443968899, Fax : 9144-29350935


