
1 
 

Awareness about foot care and factors affecting its practice 

among urban slum dwellers with Type 2 Diabetes Mellitus of 

Vellore 

 

DISSERTATION SUBMITTED IN PARTIAL FULFILMENT OF THE 

REQUIREMENT OF THE TAMIL NADU DR. M.G.R. MEDICAL 

UNIVERSITY, CHENNAI FOR THE DEGREE OF M.D. FAMILY 

MEDICINE, BRANCH XXV TO BE HELD IN MAY, 2020 

 

 

THE TAMIL NADU DR. M.G.R. MEDICAL UNIVERSITY 

CHENNAI 

MAY 2020 

  

  



2 
 

 

 

 

CERTIFICATE I 

 

This is to certify that the dissertation “Awareness about foot care and factors affecting 

its practice among urban slum dwellers with Type 2 Diabetes Mellitus of Vellore” is 

a bona fide work of Dr. Susan Jacob in partial fulfilment of the requirements for the M.D. 

Family Medicine (Branch XXV) Examination of the Tamil Nadu Dr. M.G.R. University, 

Chennai to be held in May, 2020  

 

 

 

 

Dr. R H Prince Christopher    Dr. Sunil Abraham 

Professor and Guide      Professor and Head,  

Department of Family Medicine   Department of Family Medicine 

Christian Medical College, Vellore         Christian Medical College, Vellore  

 

 

 

Dr. Anna Pulimood  

Principal  

Christian Medical College, Vellore 



3 
 

 

DECLARATION 

This is to certify that the dissertation titled “Awareness about foot care and 

factors affecting its practice among urban slum dwellers with Type 2 Diabetes 

Mellitus of Vellore” which is submitted by me in partial fulfilment towards M.D. Branch 

XXV (Family Medicine) Examination of the Tamil Nadu Dr. M.G.R. University, Chennai 

to be held in May, 2020 comprises my original research work and information taken from 

secondary sources has been given due acknowledgement and citation.   

 

 

 

 

Susan Jacob 

PG Registrar (Reg no: 124150) 

Department of Family Medicine  

Christian Medical College, Vellore - 632004, India 

 

 

 

 

 

 

 



4 
 

 

 

CERTIFICATE II 

This is to certify that this dissertation titled, “Awareness about foot care and 

factors affecting its practice among urban slum dwellers with Type 2 Diabetes 

Mellitus of Vellore” of candidate Susan Jacob for the award of the degree of M.D. in the 

branch of Family Medicine (XXV). I personally verified www.urkund.com website for the 

purpose of plagiarism check. I found the uploaded thesis file contains introduction to 

conclusion pages and the result shows zero percentage of plagiarism in the dissertation 

 

 

 

        Guide and Supervisor with seal 

 

 

 

 

 

 

 

 

 



5 
 

 

 

 

 

 

 

 

 

 

 

 



6 
 

 

AKNOWLEDGEMENT 

“Unless the Lord builds the house, the builders labour in vain” Psalms 127:1 

First and foremost, I would like to thank the Almighty. This study is a testament to 

His never ending favour and grace. 

I thank my guide and mentor, Dr. R H Prince Christopher for his unstinting support 

and inspiration over the past 2 years. His discipline, approachability and expert guidance 

are the pillars on which this study stands. His contribution has been immense and my 

gratefulness knows no bounds. 

I am indebted to my statistician Mrs. Rebecca for helping me with the data analysis 

and finishing it in time. 

My gratefulness extends to my co-guides Dr. Kirubah V David and Dr. Sunil 

Abraham who in spite of their hectic schedule contributed singularly for the study. Their 

part in training me cannot be expressed in words. 

My gratitude goes out to Dr. Sajitha for her contribution in making the 

questionnaire Tamil translation. My heartfelt gratitude goes to entire faculty of our 

department, Dr Venkateshan, Dr.Yeshwanth, Dr.Ruby, Dr.Sushil, Dr. Dimple, Dr. Asha 

and Dr. Manjunath. 

My beloved batch mate Dr. Ann Mary was of the utmost help and always provided 

the fillip when I needed it. I thank my juniors Dr. Arnab, Dr.Vinodini, Dr.Binu and Dr. 

Melinda for the constant willingness to help. 



7 
 

I thank all field workers Beryl, Ambika, Alfred and community nurse Richard for 

helping me with home visits and interviewing patients. I would also like to place on record 

my sincere thanks to all the patients who agreed to be part of this study- without them, this 

dissertation would not be a reality. 

I would like to thank my husband, parents and in-laws for their immense support 

and encouragement all throughout my life. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 
 

 

LIST OF COMMON ABBREVIATIONS 

 

ADA   American Diabetes Association 

AIDS   Acquired Immunodeficiency Syndrome 

DFSI   Diabetic Foot Society of India 

GLUT   Glucose Transporter 

HbA1c   Glycated haemoglobin 

HLA   Human Leukocyte Antigen 

HIV   Human Immunodeficiency Virus 

LCECU  Low Cost Effective Care Unit 

MHC   Major Histocompatibility Complex 

MODY  Maturity Onset Diabetes of Young 

MUCHS  Muhimbili University College of Health Science 

OHA   Oral Hypoglycaemic Agents 

WDF   World Diabetic Foundation 

WHO   World Health Organisation  

  



9 
 

ABSTRACT 

TITLE: Awareness about foot care and factors affecting its practice among urban slum 

dwellers with Type 2 Diabetes mellitus of Vellore 

DEPARTMENT: Family Medicine 

NAME OF THE CANDIDATE: Dr. Susan Jacob 

DEGREE AND SUBJECT: MD Family Medicine 

NAME OF THE GUIDE: Dr. R H Prince Christopher 

OBJECTIVES: 

  a) To assess the awareness about foot care and its practice among people with 

diabetes mellitus in urban slums of Vellore. 

b) To determine the factors influencing the practice of foot care among people with 

diabetes mellitus in sample population 

c) To recognize people with high-risk feet among the sample population. 

METHODOLOGY: 

 The present study is a cross-sectional study. We administered a standardized 

structured questionnaire via face to face interview at community to assess the knowledge, 

practice and the reasons for their practice in people with diabetes living in the urban slum 

areas of Vellore. The data entry was done using Epidata version 3.1. Data analysis was 

done using IBM SPSS statistics software.  
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RESULTS: 

 We included 198 subjects with type 2 diabetes mellitus from the five urban 

slums of Vellore. Of the study population 69.2% consisted of women and the mean age of 

the population is 56.6 years. While 38.4% of study had no formal school education, 37.4% 

had done secondary education, and only 2 % present did further education after 10th std. 

Majority of the study population were Hindus accounting for 83.8%. About 57.1% were 

unemployed, 30.8 % does manual work for daily wages. Of the study population 54% were 

diagnosed with diabetes mellitus within 5 years. 87.9% are on oral hypoglycaemic agents 

while 7.6% were on both insulin and antidiabetic agents. Only 9 participants were on diet 

control alone. 30.3 % had uncontrolled sugars with HbA1c higher than 6.5.  Among the 

participants 8.6% had history of foot ulcers. Using biothesiometer 60.6 % of the 

participants were found to have peripheral neuropathy indicating presence of high risk foot. 

The mean knowledge score of the study population was 9.05 indicating poor 

knowledge. Only 7 study participants had very good knowledge i.e. a score more than 18 

while 31.8 % had good knowledge with score between 12-18. About 64.6% had a score 

less than 12 and was graded as poor knowledge. 

The mean practice score of the study population is 29.24 indicating a poor practice. 

62.1% had poor practice while 33.8% had good practice and only 7 participants had very 

good practice.   

From the study the most common reason for the practice of foot care was either the 

health care provider or family members told them. The most common reason for the poor 

practice was lack of knowledge. 
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CONCLUSIONS: 

 This study along with other similar studies revealed there is significant correlation 

between knowledge and practice. As the knowledge improves practice also improves. Thus 

the role of knowledge in primary prevention of foot ulcer established. Health education to 

improve knowledge will help to improve practice and thus prevent future complications. 

KEYWORDS: 

 Diabetes mellitus, foot care, knowledge, practice, reasons, urban, slum 

 

 

 

 

 

 

 

 

 

 

 

 

 



12 
 

Contents 
 

1. INTRODUCTION AND JUSTIFICATION ...................................................................... 17 

2. OBJECTIVES ...................................................................................................................... 19 

3. LITERATURE REVIEW ................................................................................................... 20 

DEFINITIONS ......................................................................................................................... 20 

CLASSIFICATION ................................................................................................................. 20 

PATHOGENESIS OF TYPE 2 DIABETES MELLITUS ................................................... 21 

Age ......................................................................................................................................... 22 

Environmental Factors ........................................................................................................ 22 

CRITERIA FOR SCREENING FOR DIABETES OR PREDIABETES IN 
ASYMPTOMATIC ADULTS: ADA (9) ................................................................................ 24 

ICMR CRITERIA FOR SCREENING FOR DIABETES OR PREDIABETES IN 
ASYMPTOMATIC ADULTS ................................................................................................ 25 

DIAGNOSTIC CRITERIA FOR TYPE 2 DIABETES MELLITUS: AMERICAN 
DIABETES ASSOCIATION .................................................................................................. 26 

GLOBAL BURDEN ................................................................................................................ 26 

INDIA AND DIABETES ......................................................................................................... 27 

COMPLICATIONS OF DIABETES ..................................................................................... 28 

Diabetes and Cardio Vascular Disease .............................................................................. 29 

Nephropathy in diabetes ..................................................................................................... 30 

Diabetic Retinopathy ........................................................................................................... 30 

Neuropathy in Diabetes ....................................................................................................... 31 

DIABETES AND FOOT PROBLEMS .................................................................................. 33 

The complication of diabetic foot ....................................................................................... 33 

Wet Gangrene ...................................................................................................................... 34 

Abscesses ............................................................................................................................... 34 

Fungal infections .................................................................................................................. 35 

Osteomyelitis ........................................................................................................................ 36 

Cellulitis ................................................................................................................................ 36 

Necrotizing fasciitis: ............................................................................................................ 36 

Charcot foot .......................................................................................................................... 37 

PATHOPHYSIOLOGY OF FOOT ULCERATION IN DIABETES ................................. 37 

Risk factors for ulcers .......................................................................................................... 40 

DIABETIC FOOT ULCER CLASSIFICATION ................................................................. 41 



13 
 

University of Texas Diabetic wound classification System............................................... 42 

PREVENTION OF DIABETIC FOOT ULCERS: ............................................................... 42 

Steps of diabetic neuropathy screening using 10gm Semmes Weinstein Monofilament.
 ............................................................................................................................................... 43 

BIOTHESIOMETER .............................................................................................................. 45 

DIABETIC FOOT CARE ....................................................................................................... 46 

GENERAL MANAGEMENT OF TYPE 2 DIABETE MELLITUS .................................. 47 

4. MATERIALS AND METHODOLOGY............................................................................ 52 

STUDY SETTINGS ................................................................................................................. 52 

STUDY POPULATION .......................................................................................................... 52 

Inclusion criteria .................................................................................................................. 52 

Exclusion criteria ................................................................................................................. 52 

STUDY DESIGN ..................................................................................................................... 53 

SAMPLE SIZE CALCULATION .......................................................................................... 53 

STUDY PERIOD ..................................................................................................................... 53 

SELECTION OF PARTICIPANTS ....................................................................................... 54 

DATA COLLECTION ............................................................................................................ 54 

Consent: ................................................................................................................................ 54 

Questionnaire: ...................................................................................................................... 54 

Mode of data collection ........................................................................................................ 57 

Detailed diagrammatic algorithm of the study: ................................................................ 57 

Statistical Analysis: .............................................................................................................. 58 

IRB Clearance and Funding of the study: ......................................................................... 58 

5. RESULTS ............................................................................................................................. 59 

Characteristics of the study population ................................................................................. 59 

Distribution of the study population in 5 urban slum areas of Vellore........................... 60 

Gender distribution of the study population ..................................................................... 60 

Religious distribution of study population ........................................................................ 61 

Educational status of the study population ....................................................................... 61 

Occupational status of the study population ..................................................................... 62 

Demographic details of the study population .................................................................... 63 

Disease Status ........................................................................................................................... 64 

Knowledge on foot care ........................................................................................................... 65 

Strength in knowledge found in the study ............................................................................. 67 



14 
 

Deficiencies in the knowledge found in the study ................................................................. 67 

Practices related to foot care ................................................................................................... 69 

6. DISCUSSION ....................................................................................................................... 81 

CHARACTERISTICS OF STUDY POPULATION ............................................................ 81 

FACTORS RELATED TO THE DISEASE STATUS ......................................................... 82 

FACTORS RELATED TO THE KNOWLEDGE ................................................................ 82 

FACTORS ASSOCIATED WITH FOOT CARE PRACTICE ........................................... 84 

PREVALENCE OF HIGH RISK FOOT .............................................................................. 85 

RELATION BETWEEN KNOWLEDGE AND PRACTICE ............................................. 86 

7. CONCLUSION .................................................................................................................... 87 

8. RECOMMENDATIONS ..................................................................................................... 88 

9. LIMITATIONS .................................................................................................................... 89 

10. REFERENCES................................................................................................................. 90 

 

  



15 
 

Index of Tables 
 
Table 1: ADA diagnostic criteria for type2 diabetes mellitus ........................................................ 26 
Table 2: Classification of diabetic foot complication by Dr. Amith Kumar. C. Jain (27)................. 33 
Table 3: Meggit- Wagner Ulcer Classification: (27) ....................................................................... 41 
Table 4: University of Texas Diabetic wound classification ........................................................... 42 
Table 5: Severity of neuropathy based on biothesiometer reading .............................................. 45 
Table 6: Classification of knowledge based on score .................................................................... 55 
Table 7: Classification of practice based on score ......................................................................... 55 
Table 8: Demographic details of the study population ................................................................. 63 
Table 9: Disease Status of the study population ........................................................................... 64 
Table 10: Each knowledge component of foot care and their correct responses. ........................ 66 
Table 11: Knowledge score distribution among 2 genders of study population ........................... 68 
Table 12: Knowledge score and education of the participants ..................................................... 68 
Table 13:Knowledge score and age of the participant .................................................................. 68 
Table 14: Knowledge score and duration of diabetes ................................................................... 69 
Table 15:Knowledge score and history of foot ulcer ..................................................................... 69 
Table 16 A :Practice of each foot care component ....................................................................... 71 
Table 17 : Practice score and gender ............................................................................................. 72 
Table 18: Practice score and Age ................................................................................................... 73 
Table 19: Practice score and education ......................................................................................... 73 
Table 20: Practice score and duration of diabetes ........................................................................ 73 
Table 21: Relation between knowledge and practice ................................................................... 74 
Table 22: Daily foot inspection ...................................................................................................... 75 
Table 23: Use mirror to inspect the sole of the foot ..................................................................... 75 
Table 24: Look for danger signs ..................................................................................................... 75 
Table 25: Consult doctor immediately in the presence any danger signs ..................................... 75 
Table 26: Clean your feet regularly with soap and water .............................................................. 75 
Table 27: Keep web spaces dry ...................................................................................................... 76 
Table 28: Use lotion regularly to moisturise the foot .................................................................... 76 
Table 29: Do not walk bare foot out side the house ..................................................................... 76 
Table 30: Use MCR chappals .......................................................................................................... 77 
Table 31: Do not walk bare foot inside the house ......................................................................... 77 
Table 32: Inspect the footwear before wearing it ......................................................................... 77 
Table 33: Change footwear once in 6-8 months ............................................................................ 78 
Table 34: Use nail cutter to cut the nails ....................................................................................... 78 
Table 35: Periodic foot examination by doctor ............................................................................. 78 
Table 36: Smoking increases the risk of diabetic foot disease ...................................................... 79 
Table 37: Do not sit cross legged in the floor for long time .......................................................... 79 
Table 38: Diet Control .................................................................................................................... 79 
Table 39: Exercise .......................................................................................................................... 80 
Table 40: Regular medication ........................................................................................................ 80 
Table 41: Regular Follow up .......................................................................................................... 80 

 



16 
 

Table of Figures 
 

Figure 1: Trends in prevalence of diabetes, 1980- 2014, by country income group (13) .............. 27 
Figure 2: Pathophysiology of diabetic foot (26) ............................................................................ 39 
Figure 3: Use of monofilament. ..................................................................................................... 44 
Figure 4: Polyneuro + model Biothesiometer ................................................................................ 56 
Figure 5: Flowchart of  study methodology ................................................................................... 57 
Figure 6: Study Population distribution in slum areas ................................................................... 60 
Figure 8: Gender distribution of the study population .................................................................. 60 
Figure 9: Religious distribution of the study population ............................................................... 61 
Figure 10: Educational status of the study population .................................................................. 61 
Figure 11: Occupational status of the study population ............................................................... 62 
Figure 12: Categories based on knowledge score ......................................................................... 65 
Figure 13: Categories of foot care practice ................................................................................... 70 
Figure 14 : Smoking status distribution in the population ............................................................ 74 

 

  



17 
 

1. INTRODUCTION AND JUSTIFICATION 

    
Diabetes Mellitus is a chronic progressive disease of abnormal carbohydrate 

metabolism characterized by hyperglycemia either due to relative or absolute impairment 

in the insulin secretion along with varying degrees of peripheral resistance to the action of 

insulin (1). Insulin plays a very important role in the overall metabolism of the body. In 

carbohydrate metabolism, insulin helps to decrease the blood glucose level by increasing 

the uptake of glucose by tissues. Uncontrolled diabetes results in high blood glucose level, 

over a long period of time results in potential damage to different systems of the body with 

a high propensity to the neurovascular system. 

Diabetes and its numerous complications are extremely burdensome on the health 

and economies of countries worldwide. Adults with diabetes have a two- to three-fold 

increased risk of heart attacks and strokes. Diabetic retinopathy is an important cause of 

blindness and occurs as a result of long-term accumulated damage to the small blood 

vessels in the retina. 2.6% of global blindness can be attributed to diabetes. Diabetes is 

among the leading causes of kidney failure. Combined with reduced blood flow, 

neuropathy (nerve damage) in the feet increases the chance of foot ulcers, infection and the 

eventual need for limb amputation (2). 

Foot ulcers and amputations are a major cause of morbidity, disability, as well as 

emotional and physical costs for people with diabetes. According to WHO, a lower limb is 

lost to diabetes somewhere in the world every thirty seconds. At least 50% of all diabetic 

leg amputations can be prevented by proper foot care (3). Studies have shown that diabetes 

is related to 40-70% of all lower extremity amputations, and 85% of diabetes-related 

amputations are preceded by foot ulcers (4). Daily foot care, early recognition, and 

management of independent risk factors for ulcers and amputations can prevent or delay 
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the onset of adverse outcomes. Recognizing this immense opportunity, in 2005 WHO 

celebrated World Diabetic day Nov 14th with the slogan: - Put Feet First: Prevent 

Amputations. Evidence suggests that patient education may reduce foot ulceration and 

amputations (3). 

Daily foot care has an immense role in prevention and timely identification of foot 

problems in diabetic patients. People should have adequate knowledge regarding foot care 

and should have a good practice of the same to prevent diabetic foot ulcers and 

amputations. In India, only a few studies have been done regarding the knowledge and 

practice of foot care in urban poor people living with diabetes. This study is done hoping 

to understand the foot care knowledge and practice among diabetic living in urban slums 

of Tamil Nadu. We also look into the factors that influence the practice of foot care among 

poor people. 
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2. OBJECTIVES 
 

The objectives of this study are: 

 a) To assess the awareness about foot care and its practice among people with diabetes 

mellitus in urban slums of Vellore. 

b) To determine the factors influencing the practice of foot care among people with 

diabetes mellitus in sample population 

c) To recognize people with high-risk feet among the sample population. 
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3. LITERATURE REVIEW 
 

DEFINITIONS 
 

1.Diabetes: Diabetes is a group of metabolic diseases characterized by 

hyperglycemia resulting from defects in insulin secretion, insulin action, or both (5). 

2. Prediabetes: Prediabetes is a practical convenient term referring to impaired 

fasting glucose, impaired glucose tolerance test or glycated haemoglobin (A1C) of 6.0% to 

6.4%. These patients are at high risk of developing diabetes and its complications (5) 

CLASSIFICATION 
 

Type 1 Diabetes Mellitus: There is absolute insulin deficiency due to the 

autoimmune destruction of Beta cells of Islets of Langerhans. This process occurs in 

genetically susceptible individuals, is probably triggered by one or more environmental 

factors and progress over many months or years during which the subject is asymptomatic 

and euglycemic. It can also present as a part of poly glandular autoimmune syndrome. The 

genetic susceptibility to the disease with an associated abnormality in chromosome 6-HLA 

region which contains genes that code for MHC class II molecules expressed on the cell 

surface of antigen-presenting cells such as macrophages. This present at a very young age 

usually before the age of 40. In United States the peak age at diagnosis is most often around 

14 years old (5), (6). Since there is absolute insulin deficiency there is rapid development 

of the symptoms like increased appetite, increased thirst increased weight loss sudden 

vision changes, increased bio-breaks. 

 Type 2 Diabetes Mellitus: This is due to insulin resistance or insensitivity of tissues 

to insulin and relative insulin deficiency. (5) There is a deficiency or defect of GLUT-4 in 
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insulin sensitive tissues or insulin receptor or insulin secretion. It may later lead on to 

absolute insulin deficiency 

Gestational Diabetes Mellitus: Any degree of glucose intolerance with onset or first 

recognition during pregnancy. (5) Pregnancy is a diabetogenic state. This is due to 

increased production of insulin antagonists as human placental lactogen, placental 

insulinase, cortisol, oestrogen and progesterone. 

Specific types of diabetes due to other causes, e.g., monogenic diabetes syndromes 

(such as neonatal diabetes and maturity-onset diabetes of the young [MODY]), diseases of 

the exocrine pancreas (such as cystic fibrosis), and drug- or chemical-induced diabetes 

(such as with glucocorticoid use, in the treatment of HIV/AIDS, or after organ 

transplantation) (5) 

PATHOGENESIS OF TYPE 2 DIABETES MELLITUS 
 

Type 2 diabetes mellitus is caused by a combination of varying degrees of insulin 

resistance and relative insulin deficiency. Insulin was discovered by Banting and Best in 

1922. It is secreted from the beta call of Langerhans. In general, 50 % of the daily insulin 

is secreted as basal insulin which is maintained at a low level between the meals to meet 

ongoing metabolic demands and to balance glucose production in the liver and glucose 

utilization in the periphery. After a meal, when the blood glucose rises, the Beta cells 

respond by secreting insulin in 2 phases making the insulin concentration 60-80µU/ml till 

about 30 minutes after the meal. The concentration returns to normal in 2-4 hours. Phase 

1- for about 10 minutes, suppresses the hepatic glucose production. Phase 2- for about 2 

hours, manages the hyperglycemia produced by the carbohydrates in the meal. In type 2 

diabetes mellitus, Phase 1 insulin secretion is absent and phase 2 is delayed and insufficient. 

Initially there is an attempt to compensate for the insulin resistance by increasing the 
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secretion of insulin, but eventually as the disease progresses, the Beta cells tire out and 

insulin secretion reduces. Its occurrence most likely represents a complex interaction 

among many genes and environmental factors, which are different in different population 

and individuals. (7) 

Genetic Components  

The role of genetic makeup in the pathogenesis of type 2 diabetes mellitus is strong and 

is evidenced by: 

 Ethnic variability even in a similar environment 

 The tendency to run in families. The risk development of diabetes mellitus in the 

offspring of a single affected parent is 3.5 times and that of both affected parents 

are 6.1 times in comparison to the offspring with no parental history of diabetes. 

 High concordance in monozygotic twins (over 80%) and the 50% decline in 

dizygotic twins. 

 Increased genetic predisposition among the Asian Indians. (7) 

The search for plausible candidate genes has focused upon genes coding for proteins that 

might be involved in pancreatic development, insulin synthesis, secretion, or action. 

Age 

The prevalence rate of diabetes in those with >65 years of age (10.4%) is three 

times as high as the rate in those between 35 to 64 years. (7) 

Environmental Factors 

The most striking environmental risk factors in most patients who develop type 2 

diabetes are increased weight gain and decreased physical activity. Obesity, for example, 

causes peripheral resistance to insulin-mediated glucose uptake and may also decrease the 
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sensitivity of the beta cells to glucose. These defects are largely reversed by weight loss, 

leading to a fall in blood glucose concentrations toward normal. Although not as effective 

as weight loss, an exercise regimen also may improve glucose tolerance and prevent the 

development of overt diabetes. The c-Jun amino-terminal kinase (JNK) pathway may be 

an important mediator of the relationship between obesity and insulin resistance as JNK 

activity is increased in obesity, an effect that can interfere with insulin action. In animal 

models of obesity, absence of JNK1 results in decreased adiposity and enhanced insulin 

sensitivity.  

Plasma free fatty acid (FFA) concentrations are high in obese patients. A high 

plasma FFA concentration is a risk factor for type 2 diabetes (relative risk 2.3), may inhibit 

insulin secretion, and can inhibit insulin-stimulated glucose uptake in patients with type 2 

diabetes. Upper body or male-type obesity has a much greater association with insulin 

resistance and impaired glucose tolerance than lower body or female-type obesity (7) 

The inverse relationship between birth weight and diabetes mellitus was illustrated 

in an analysis from the Nurses’ Health Study of over 69,000 women. The relative risk of 

type 2 diabetes compared with a reference group by ascending birth weight categories 

decreased progressively from 1.8 for a birth weight less than 2.3 kg to 0.8 for a birth weight 

greater than 4.5 kg. Adjustment for ethnicity, childhood socioeconomic status, and adult 

lifestyle factors did not substantially alter this association. (8) 
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CRITERIA FOR SCREENING FOR DIABETES OR PREDIABETES 

IN ASYMPTOMATIC ADULTS: ADA (9) 

1. Screening should be considered in all adults who are overweight (BMI 25kg/m2 or 

23kg/m2 in Asian Americans) and have additional risk factors: 

 Physical inactivity 

 First degree relative with diabetes 

 High-risk race/ ethnicity (African American, Latino, Native American, 

Asian American, Pacific islander) 

 Women who delivered a baby weighing more than or equal to 4kg or were 

diagnosed with gestational diabetes mellitus 

 Hypertension (140/90mmhg or on antihypertensive therapy) 

 HDL cholesterol level less than or equal to 35mg/dl and /or triglyceride 

level of 250md/dl or greater. 

 Women with polycystic ovarian syndrome 

 HbA1c > 5.7 % , IGT, IFG on previous testing 

 Other clinical conditions associated with insulin resistance (e.g.: Severe 

obesity, acanthosis nigricans) 

 History of cardiovascular disease 

2. For all patients, particularly those who are overweight or obese, testing should 

begin at the age of 45 years. 

3. If the results are normal, testing should be repeated at a minimum of 3 years interval 

with consideration of more frequent testing depending upon initial results and risk 

factors.  
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ICMR CRITERIA FOR SCREENING FOR DIABETES OR 

PREDIABETES IN ASYMPTOMATIC ADULTS (10) 

ICMR criteria are more suitable for the Indian population.  

Asymptomatic individuals fulfilling the following criteria may be screened for diabetes: 

 Age more than 30 years 

 Overweight: BMI more than 23kg/m2  

 Central obesity men: waist-hip ratio more than 0.90 and women: more than 0.85 

 Family history of diabetes  

 Sedentary lifestyle 

 Previously identified impaired glucose tolerance or an impaired fasting glucose 

 History of gestational diabetes mellitus, recurrent foetal loss or delivery of a large 

baby (more than 3.5Kg) 

 Hypertension (140/90mmhg in adults)     

 Dyslipidaemia 

Individuals at high risk: 

 Symptoms of hyperglycemia (polyuria, polydipsia, and polyphagia) or 

complications of diabetes (undue tiredness, burning feet, generalized/ genital 

pruritus, recurrent infections, tingling and numbness, delayed and non-healing 

wounds, ulcers, balanitis, impotence, premature cataract) 

 Adults with tuberculosis 

 Women with Polycystic ovaries 

 Adults on diabetogenic drugs, steroids, thiazides 

 History of premature vascular disease 
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DIAGNOSTIC CRITERIA FOR TYPE 2 DIABETES MELLITUS: 

AMERICAN DIABETES ASSOCIATION (9) 

Person can be diagnosed to have type2 diabetes mellitus in the presence of any one 

of the following. 

 

Fasting Plasma Glucose :126 mg/dL (7.0 mmol/L) 

Fasting is defined as no caloric intake for at least 8 h. 

2-h Plasma Glucose :200 mg/dL (11.1 mmol/L) during an OGTT 

The test should be performed as described by the WHO, using a glucose load containing 

the equivalent of 75 g anhydrous glucose dissolved in water 

HBA1C :6.5% (48 mmol/mol). 

The test should be performed in a laboratory using a method that is NGSP certified and 

standardized to the DCCT assay 

Random Plasma Glucose: 200 mg/dL (11.1 mmol/L):  

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis 

Table 1: ADA diagnostic criteria for type2 diabetes mellitus 

 

GLOBAL BURDEN 

According to WHO, about 422 million adults were living with diabetes in 2014, 

compared to 108 million in 1980. The global prevalence (age-standardized) of diabetes has 

nearly doubled since 1980, rising from 4.7% to 8.5% in the adult population. Diabetes 

caused 1.5 million deaths in 2012. Higher-than-optimal blood glucose caused an additional 

2.2 million deaths, by increasing the risks of cardiovascular and other diseases. Forty-three 

percent of these 3.7 million deaths occur before the age of 70 years. (11) Prevalence of 
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diabetes is growing rapidly in low and middle-income countries, over the past 3 decades 

mirroring the increased incidence of obesity and overweight people. (12) 

 

 

 

 

 

 

 

 

INDIA AND DIABETES 
 

In India, more than 62 million individuals are currently diagnosed with diabetes 

(14). In 2000, India had the highest number of people with diabetes mellitus-31.7 million, 

followed by China and the United States in second and third place respectively. The 

prevalence of diabetes is predicted to double globally from 171 million in 2000 to 366 

million in 2030 with a maximum increase in India (15). It is predicted that by 2030 diabetes 

mellitus may afflict up to 79.4 million individuals in India making it the Diabetic Capital 

of the world. Among the Indian states, Tamil Nadu tops with the largest number of diabetic 

patient second to Kerala. 

  

Figure 1: Trends in prevalence of diabetes, 1980- 2014, by country income group (13) 
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ECONOMIC BURDEN OF DIABETES 

According to a recent study conducted in India average, the annual direct cost of 

diabetes treatment was INR. 8,822 of which 52.1% was spent on medicines, 3.2% was 

spent on lasers, 12.6% was spent on surgical procedures, 11.6% spent on investigations 

and 10.4% was spent on clinician fees (16). Average annual indirect cost was Rs.3949 of 

which 3.4% was spent on a traveling purpose, 0.4% was spent on health classes, 4.9% was 

spent on diet control and 91.3% was loss of wages. Average expenditure done by the lower 

middle class was 23.7% of their income. The average percentage of income for direct and 

indirect cost was 3.6% and 1.4% respectively. The cost of managing diabetes was a 

significant proportion of the patients’ income, especially for those on the lower socio-

economic scale. (17) The cost of diabetes care in urban areas showed a twofold increase 

from 1998 to 2005, due to significantly increased expenditure on diabetes medications, 

laboratory tests, medical consultations, hospitalizations, and surgical procedures and 

further aggravated by the presence of complications, duration of diabetes, need for surgery, 

and hospitalization. (18)  

COMPLICATIONS OF DIABETES 

Diabetes complications are divided into macrovascular (due to damage to larger 

blood vessels) and microvascular (due to damage to small blood vessels). Microvascular 

complications include damage to kidneys (nephropathy) leading to renal failure, to eyes 

(retinopathy) leading to blindness and to nerves (neuropathy) leading to ulcers and 

impotence. Macrovascular complications include strokes, cardiovascular diseases such as 

heart attacks and insufficiency in blood flow to legs. There is evidence from large 

randomized controlled trials that good metabolic control in both type 1 and 2 diabetes can 

delay the onset and progression of these complications. (18) 
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Diabetes and Cardio Vascular Disease 
 

Diabetes accounts for approximately 6 % of total global mortality, with more than 

70-80% of diabetes-associated deaths being attributed to cardiovascular disease. Age and 

duration of diabetes play an important role in the occurrence, morbidity, and mortality 

related to cardiovascular disease in diabetes (19). A high rate of asymptomatic coronary 

artery disease, multi-vessel, and distal coronary vessel involvement is seen in diabetes. 

Individuals with diabetes acquire high-risk cardiac status a decade earlier than those 

without diabetes. The underlying problem in most diabetic patients with cardiovascular 

disease is atherosclerosis leading to narrowing of the blood vessels supplying the heart and 

thereby to ischemia and infarction. Diabetes is the most common coronary artery disease 

risk equivalent. The effect of diabetes on cardiovascular disease are: 

 Incidence of myocardial infarction is 2 – 4 fold of that in non-diabetes (20) 

 CVD risk and fatal CVD are dramatically greater in women with diabetes, 

regardless of their menstrual status, 4-6 fold increase compared to non-

diabetes (21) 

 Greater mortality; sudden death is higher by 50 % in males and 100% in 

females. 

 Triple vessel disease, multiple lesions per patient and more distal 

involvement of coronary arteries. 

 Left ventricular dysfunction is more common about 2-5 fold increase 

compared to non-diabetics. 

 The outcome is worsened by coexisting diabetic cardiomyopathy and 

autonomic neuropathy. 
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Nephropathy in diabetes 
 

Diabetes is the most important cause of end-stage renal disease in many countries. 

The appearance of low but abnormal levels (≥ 30 mg/day or 20 μg/min) of albumin in the 

urine – microalbuminuria is the earliest clinical evidence of nephropathy.  Patients with 

microalbuminuria are referred to as having incipient nephropathy. Without specific 

interventions, ∼80% of subjects with type 1 diabetes who develop sustained 

microalbuminuria have their urinary albumin excretion increase at a rate of ∼10–20% per 

year to the stage of overt nephropathy or clinical albuminuria (≥300 mg/24 h or ≥200 

μg/min) over a period of 10–15 years, with hypertension also developing along the way. 

Once overt nephropathy occurs, without specific interventions, the glomerular filtration 

rate (GFR) gradually falls over several years at a rate that is highly variable from individual 

to individual (2–20 ml · min−1 · year−1). (22) 

Albuminuria is also a marker of greatly increased risk of cardiovascular morbidity 

and mortality for a patient with either type1 or type 2 diabetes mellitus. So 

microalbuminuria finding alerts the need for screening for vascular disease and aggressive 

interventions to reduce the cardiovascular risk. 

Diabetic Retinopathy 
 

Diabetic retinopathy can be defined as damage to the microvascular system in the 

retina due to prolonged hyperglycemia (23). Damage to the vessels of the retina due to 

diabetes has the most devastating effects in terms of the visual outcome when left to 

progress without treatment.  

Diabetic retinopathy can be classified into following 

1.    Non-Proliferative Diabetic Retinopathy 
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Mild:   At least one micro-aneurysm, earliest clinically detectable lesion. 

            Retinal hemorrhages and hard/soft exudates may be present. 

Moderate: Micro-aneurysms and/or dot and blot hemorrhages in at least one quadrant. 

Presence of soft exudates, venous bleeding or Intra Retinal Microvascular 

Abnormalities (IRMA) 

Severe:  When any one of the following is present (4-2-1 rule) 

 Micro-aneurysm and intraretinal hemorrhages in all 4 quadrants. 

 Venous bleeding in 2 or more quadrants 

 Moderate IRMA in at least 1 quadrant 

Very Severe:  When any 2 of the 4-2-1 rule is present 

2.    Proliferative Diabetic Retinopathy 

New vessels on the optic disc 

New vessels elsewhere on the retina along the retina vessels 

3.    Clinically Significant Macular Edema (CSME) 

Retinal edema close to the fovea 

Hard exudates close to the fovea 

Presents with dimness of vision 

Neuropathy in Diabetes  

American Diabetic Association says, “Diabetic neuropathies are the most common 

chronic complications of diabetes.”(24). 
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It can involve any part of the nervous system that presents as diverse clinical 

manifestations. Diabetic neuropathies are classified as: 

A. Diffuse neuropathy 

 Distal Sensory Poly Neuropathy 

 Cardiovascular autonomic neuropathy 

 Gastrointestinal autonomic neuropathy 

 Urogenital autonomic neuropathy 

 Sudomotor Dysfunction 

B. Mononeuropathy 

 Mononeuritis multiplex 

 Isolated cranial nerve or peripheral nerve 

C. Radiculopathy or polyradiculopathy 

 Radiculoplexus neuropathy 

 Thoracic radiculopathy 

Most common among the diabetic neuropathies are the chronic Distal Symmetric 

Poly Neuropathy (DSPN). DSPN is present in 10-15% of patient with newly diagnosed 

type 2 diabetes mellitus and it increases to 50 % after 10 years of disease duration. DSPN 

has been associated with glycemia, height (related to the nerve length), blood pressure, 

smoking, weight, the lipid profile of the patient. DSPN is the most important predisposing 

factor for diabetic foot ulcers and Charcot’s neuro-arthropathy. DSPN also predisposes the 

patient for falls and fractures through small and large fiber dysfunction, loss of 

proprioception, sensory, temperature discrimination, pain leading to unsteadiness, 

recurrent minor injuries. (24) 
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DIABETES AND FOOT PROBLEMS 

Foot ulcers and amputations are a major cause of morbidity, disability as well as 

the emotional and physical cost for people with diabetes. About 3-4 % of patients with 

diabetes develop foot ulcers of infections. This figure increases to 15 % in more than 40 

years age group. Foot ulceration in the end-stage complication of the neuropathy and/or 

vascular disease and the risk of progression to this stage is far greater than the risk of 

progressing to end-stage sequelae of retinopathy or neuropathy. (25) 

The complication of diabetic foot 
 

Armstrong, David G and Lavery, Lawrence A (2005) introduced “Rule of 15: 15% 

of people with diabetes develop ulcers, 15% of ulcers develop osteomyelitis, 15 % of ulcers 

result in amputation” (26) Foot complications like neuropathic osteoarthropathy (Charcot's 

foot), foot ulceration and amputation are common among patients with diabetes. It is 

estimated that more than 5 % of these patients have a history of foot ulcers and a lifetime 

risk of about 25%. It is accounted that 85 % of all amputations are preceded by foot ulcers. 

Thus reducing the incidence of foot ulcers should reduce the number of amputations as 

well. (26) 

 Type of complications Lesions 

1 Type 1-Infective  Cellulitis, wet gangrene, abscess, necrotizing 
fasciitis, osteomyelitis 
 

2 Type 2  Non- Infective Skin &soft tissue: Non-healing ulcers, callosity,  
                             diabetic bullae 
Nerve:                   Neuropathies 
Bones and Joints: Charcot foot, hammer toes, claw  
                            toes 
Vessels:               Peripheral arterial disease 

3 Type 3 Mixed Eg: Charcot foot with infected ulcer, non-healing 
ulcers with osteomyelitis. 

Table 2: Classification of diabetic foot complication by Dr. Amith Kumar. C. Jain (27) 



34 
 

Type 1 diabetic foot complications are the most common complication seen in 

hospitalized patients in India. Type 1 diabetic foot complications account for 86.6 % - 

91.06% of the patients with diabetic foot problems admitted to the hospital. Various studies 

have shown that Type1 diabetic foot complications are the most common cause of 

amputations. In Kalaivani series(28) 75% of the major amputations done in the diabetic 

foot had Type 1 diabetic foot complications. The major amputation rate in type 1 diabetic 

foot complications ranges from 8.89% - 13.39%.   

The most common diabetic foot complications were seen in a diabetic OPD are: 

(29) 

Wet Gangrene: Gangrene is defined as a form of tissue necrosis with added putrefaction. 

There are three main types of gangrene - dry gangrene (ie, with or without secondary 

infection), gas gangrene, and wet gangrene. Wet gangrene of the foot is one of the 

characteristic lesions seen in diabetes and hence called “Diabetic gangrene”. Wet gangrene 

is often seen in a well-vascularized foot. The moist appearance of the affected part, along 

with gross swelling and blistering, characterizes the wet gangrene. This type of gangrene 

develops rapidly and is almost painless because of the associated neuropathy. Wet 

gangrene develops from thrombosis of the small vessels due to infection. The affected part 

is soft, swollen, putrid, necrotic, and darkened to black color. The affected part is engorged 

with blood which favors the rapid growth of putrefactive bacteria. There is often a foul 

smell, and the toxins produced from the bacteria can get absorbed, producing the systemic 

manifestation of septicemia. Wet gangrene is one of the common causes of amputation in 

the diabetic foot. 

Abscesses: Abscess in the diabetic foot can occur either in the dorsum or on the plantar 

aspect or at the nail fold area (paronychia) and web spaces. The entry of infection, 
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especially on the plantar aspect, like a nail puncture or foreign body injury that occur in 

neuropathic feet. The insensitivity associated allows such injury to go unrecognized. 

Infections in the web spaces are insidious due to poor foot hygiene with the accumulation 

of moist detritus or fungal infection in the inter-digital web spaces. Web space abscesses 

are dangerous because of the proximity to the digital vessels. On the plantar aspect of the 

foot, the central space is most commonly involved as compared to medial or lateral space 

abscesses. Many times the web spaces, or the central space infection, can cause thrombosis 

of the vessels leading to digital gangrene. 

Fungal infections: Two common fungal infections affecting the diabetic foot are tinea 

pedis (i.e., athlete’s foot) and onychomycosis (i.e., fungal nail infection). Approximately 

15% of the population has a podiatric fungal infection at any given time, and over 70% of 

individuals will experience foot-based fungal infection over their lifetime. The prevalence 

of diabetes among patients with tinea pedis is around 24.8%. People with diabetes will get 

tinea pedis and onychomycosis 2.5-2.8 times more frequently than non-diabetics. 

Tinea pedis is most commonly caused by trichophyton rubrum (80%) and 

trichophyton interdigitale (15%) and less likely due to epidermophyton floccosum and 

microsporum. The three variants of tinea pedis are interdigital type, moccasin type, and 

vesiculo-bullous type. Interdigital tinea pedis is the most common form and often manifests 

in the fourth web space and may spread to the under surface of the toes. Tinea pedis and 

onychomycosis can lead to serious complications. In onychomycosis, the thick, sharp, 

brittle nail can pierce the skin resulting in a secondary infection. Tinea pedis can create 

inflammation and fissuring that leads to breaches in the epidermis. This can produce a 

portal of entry for a bacterial infection leading to abscess, cellulitis, and gangrene of the 

digits.  
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Osteomyelitis: This complication is a bit less common than the Type 1 diabetic foot 

complication and is more frequently seen in Type 3 diabetic foot complications (explained 

later) where it can occur from a non-healing ulcer. The osteomyelitis in Type 1 diabetic 

foot is frequently sequelae of an underlying abscess and very rarely is from a 

haematogenous route. 

Cellulitis: Lower limb cellulitis is a common reason for medical admission and causes 

significant long term morbidity. Venous eczema and tinea pedis are recognized risk factors 

for developing lower limb cellulitis. The relative frequency of foot cellulitis is more than 

nine times greater in diabetics than in non-diabetics. Most often, this superficial soft tissue 

infection is caused by gram-positive organisms like streptococcus and staphylococcus. The 

common symptoms of cellulitis are swelling of the lower limb, pain, and redness of the 

skin. Local examinations reveal tenderness, pitting oedema, and a local elevation in 

temperature. Systemic manifestations such as fever, tachycardia, and hypotension are 

present in up to 40% of the cases. Cellulitis is often treated conservatively with antibiotics 

until local or systemic complications occur. Cases that do not respond to antibiotics, or that 

are more severe, may progress to necrotizing fasciitis  

Necrotizing fasciitis: Necrotizing fasciitis is a severe form of a soft tissue infection 

involving superficial and deep fascia. This disease spreads rapidly and can involve the 

whole limb within hours. Necrotizing fasciitis can be classified into two types. Type 1 

necrotizing fasciitis is a poly-microbial infection, and Type 2 necrotizing fasciitis is a 

mono-microbial infection caused by streptococcus bacteria The overall incidence of 

necrotizing fasciitis in diabetic foot complications in developing countries like India varies 

from 8.89% to 27.67. Necrotizing fasciitis is associated with a higher amputation rate and 

mortality. Mortality in various studies has ranged from 25% to 60% with limb amputation 

as high as 39%.  
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Charcot foot: Charcot’s arthropathy is a progressive condition of the musculoskeletal 

system characterized by joint dislocations, pathologic fractures, and debilitating 

deformities at the weight-bearing joints most commonly in the foot and ankle on one side 

(bilateral <10%). Charcot's joints occur when the ability to sense deep pain is lost or 

diminished. As a result of the inability to sense pain, small fractures begin to develop in 

areas of stress such as the arch of the foot. The normal response to a fracture is swelling 

and increased blood flow (reflex vasodilation) to the affected bone. Two theories explain 

the pathogenesis of Charcot's foot: The Neuro-traumatic theory attributes bony destruction 

to the loss of pain sensation and proprioception combined with repetitive and mechanical 

trauma to the foot. The Neuro-vascular theory suggests that joint destruction is secondary 

to an autonomically stimulated vascular reflex that causes increased blood flow. The 

increase in the blood flow tends to wash away calcium from the fracture site which causes 

weakening of bone and further fractures. When the normal protective mechanism, pain is 

absent, a cycle of increasing fracture activity begins with progressive collapse of the 

supporting bone. Although the Charcot joint at the hip and knee was first described in 

tertiary syphilis and subsequently in the foot in cases of leprosy, it is now seen mostly in 

patients with diabetes mellitus. (30) 

PATHOPHYSIOLOGY OF FOOT ULCERATION IN DIABETES (31) 

The diabetic foot ulcer is a result of simultaneous action of multiple factors 

including neuropathic, vascular, and immune system components. All these factors show a 

base relationship with the hyperglycemic state of diabetes.  

Hyperglycemia produces oxidative stress on nerve cells and leads to neuropathy on 

top of additional nerve dysfunction due to glycosylation of nerve cell proteins, leading to 

further ischemia. These cellular changes manifest in motor, autonomic, and sensory 
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components of neuropathic foot ulcers. Damage to motor neurons of the foot musculature 

may lead to an imbalance of flexors and extensors, anatomic deformities, and eventual 

trauma. Damage to autonomic nerves impairs sweat gland function causing decreased 

ability to moisturize skin, leading to epidermal cracks and skin breakdown. Patients may 

not notice foot wounds because of decreased peripheral sensation.  

Vascular changes that lead to diabetic foot ulcers correlate with hyperglycemia-

induced changes in the peripheral arteries of the foot and begin on the cellular level. 

Endothelial cell dysfunction leads to a decrease in vasodilators; also, plasma thromboxane 

A2 levels become elevated. The result is vasoconstriction and plasma hyper coagulation in 

peripheral arteries leading to ischemia and increased risk of ulceration. Blood supply 

required to heal a diabetic foot ulcer is greater than that needed to maintain intact skin, 

decreased blood flow status lead to chronic ulceration can develop. 

Immune changes include reduced healing response in diabetic foot ulcers. Increased 

T lymphocyte apoptosis, which inhibits healing, has been observed in patients with diabetic 

foot ulcers. Fig 2 represent the pathogenesis of diabetic foot ulcer (32) 
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Figure 2: Pathophysiology of diabetic foot (26) 
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 Risk factors for ulcers (33) 

1)    Peripheral neuropathy 

2)    Peripheral vascular disease 

3)    Long-standing diabetes for more than 10 years 

4)    Male sex 

5)    Poor glycaemic control 

 Inadequate treatment or poor compliance with treatment 

6)    Increased foot pressure 

 Use of ill-fitting footwear (long-standing minimal pressure) 

 Stepping on a sharp object (shorter duration higher pressure) 

7)    Plantar callus: Indicate that there has been repetitive moderate stress from high foot 

pressure. 

8)    Past history of ulcers or amputation is associated with 50% annual risk of re-ulceration 

9)    Bony deformity of the foot 

 Motor neuropathy, cheiroarthropathy and altered gait pattern lead to high-risk 

neuropathic foot with clawing of toes, prominent metatarsal heads, high arch and 

wasting of the small muscles. 

10)    Microvascular complications 

11)    Impaired vision: Due to cataract or associated diabetic retinopathy. 

12)    Psychosocial factors 
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 Living alone, depression, poor social background, patient’s health-seeking 

behaviour, self-treatment, smoking 

13)    Foot care practice -Barefoot walking 

DIABETIC FOOT ULCER CLASSIFICATION 
 

Various classification systems exist like Wagner, University of Texas diabetic foot 

classification, Ten level Seattle wound classification system, etc. Of these Traditional 

Meggitt- Wagner Ulcer Classification system is the most commonly used. It is based on 

the depth of penetration, the presence of osteomyelitis or gangrene and the extent of tissue 

necrosis. This has a high predictive value of amputation risk. The drawback of this 

classification is that it does not take into consideration two critically important parameters: 

Ischaemia and Infection. 

GRADE DEFINITION 

0 Pre- or post- ulcerative lesion completely epithelised. 

Bony deformities/ callus present. 

1 Superficial ulcer without subcutaneous involvement. 

2 Ulcer which penetrated through the subcutaneous tissue and 

exposing the tendons, bones, ligaments or joint capsules. 

3 Deep ulcers with associated osteomyelitis or abscess 

4 Localized gangrene of the foot with ulcer 

5 Foot with extensive gangrene with ulcer 

 

Table 3: Meggit- Wagner Ulcer Classification: (27) 
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University of Texas Diabetic wound classification System: (27) 

This system represents an advance in the treatment of diabetic foot. This system 

uses four grades, each of which is modified by the presence of infection or ischemia. This 

system has been validated and is generally predictive of outcome since increasing grade 

and stage of the wound are less likely to heal without revascularization or amputation. 

STAGE GRADE 

 0 1 2 3 

A Pre- or post- 
ulcerative lesion 
completely 
epithelized 

Superficial wound 
not involving 
tendon, capsule or 
bone 

Wound 
penetrating to 
tendon or 
capsule 

Wound 
penetrating into 
bone or joint 

B With infection With infection With infection With infection 

C With ischemia With ischemia With ischemia With ischemia 

D With infection 
and ischemia 
 

With infection 
and ischemia 

With infection 
and ischemia 

With infection 
and ischemia 

 

Table 4: University of Texas Diabetic wound classification 

PREVENTION OF DIABETIC FOOT ULCERS: 
 

Foot ulcers and amputations are a major cause of morbidity, disability, as well as 

emotional and physical costs for people with diabetes. Early recognition and management 

of independent risk factors for ulcers and amputations can prevent or delay the onset of 

adverse outcomes. (34) Diabetic foot ulcers and amputations can be prevented in most 

instances by appropriate screening and education (35) In 1995 Boulton wrote about 50 % 

of amputations can be thus prevented (36).  

The recommendations from the American Diabetes Association regarding foot care are 

(34): 
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1) All individuals with diabetes should receive an annual foot examination to identify 

high-risk foot conditions. This examination should include assessment of protective 

sensation, foot structure and biomechanics, vascular status, and skin integrity. 

2) People with one or more high-risk foot conditions should be evaluated more 

frequently for the development of additional risk factors. 

3) People with neuropathy should have a visual inspection of their feet at every visit 

with a health care professional. 

4) Evaluation of neurological status in the low-risk foot should include a quantitative 

somatosensory threshold test, using the Semmes-Weinstein 5.07 (10-g) 

monofilament plus anyone of the following: vibration using a 128Hz tuning fork, 

pinprick sensation, ankle reflexes or vibration perception threshold using a 

biothesiometer. 

5) Patients with diabetes and high-risk foot conditions should be educated regarding 

their risk factors and appropriate management. 

6) Initial screening for peripheral vascular disease should include a history for 

claudication and an assessment of the pedal pulses. Consider obtaining an ABI, as 

many patients with PAD are asymptomatic. 

Steps of diabetic neuropathy screening using 10gm Semmes Weinstein Monofilament. 

(37) 

1) Wash hands and put on clean gloves if indicated. Clean gloves are to be worn if 

there is an open area, discharge or a rash on the foot/ankle area. 

2) Have client remove socks/stocking and shoes from both feet. 

3) Explain the procedure to the client & show them the monofilament. 

4) Touch the monofilament to the client’s arm/hand so they understand what to expect 

when monofilament testing is done on the foot. 
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5) Have the client close their eyes and indicate when he/ she feel the monofilament 

touch the foot by responding “yes”.  

6) Hold the monofilament perpendicular to the foot and with a smooth, steady motion, 

touch the skin until the monofilament bends approximately 1 cm (see Diagram A). 

Hold it against the skin for approximately 2 seconds.  

7) Using monofilament, randomly test 10 sites on each foot as indicated in Diagram 

B. Random selection of the test sites will prevent the client from 

guessing/anticipating the next test area. If there is an ulcer, callus or scar on the 

foot, apply the monofilament on an area adjacent to these rather than directly over 

them. If the client has had toes amputated, test as many of the remaining sites as 

possible. 

 

 

Figure 3: Use of monofilament. 
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BIOTHESIOMETER 
 

The only method at present widely available for examining vibration sensation is 

the time-honoured tuning fork. Although quick and simple for gross assessment, it is 

unsatisfactory for measuring the amplitude threshold at which vibration becomes 

perceptible. This threshold is raised in some diseases, including diabetic peripheral 

neuropathy. (38) The Biothesiometer tend to be more sensitive than the 10 g monofilament 

for the assessment of individuals at risk for foot ulcers. The 128 Hz tuning fork tested at 

only two sites is as sensitive as the 10 g monofilament tested at eight sites. These data 

suggest that the 10 g monofilament may not be the optimum methodology for identifying 

individuals at risk of foot ulcers (39)  

Biothesiometer employs an electronic device that accurately records the threshold 

of vibration appreciated by individuals being tested. Use of a biothesiometer does not 

require extensive coaching and can be used by non-professionals as well, after short 

training. It has been shown to have sensitivity greater than 80% and specificity around 70% 

and has good reproducibility. (40) 

Biothesiometer reading (volts) Severity  of neuropathy 

0-15 Normal sensation 

16-25 Mild neuropathy 

26-40 Moderate neuropathy 

>40 Severe neuropathy 

Table 5: Severity of neuropathy based on biothesiometer reading 
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DIABETIC FOOT CARE 
 

DO’S 

1) Check your feet every day for cuts, cracks, bruises, blisters, sores, infections or 

unusual markings.  

2) Use a mirror to see the bottom of your feet if you can’t lift them up.  

3) Check the color of your legs and feet.  

4) If there is swelling, warmth or redness or if you have pain, see your doctor or foot 

specialist right away.  

5) Clean a cut or scratch with mild soap and water and cover with a dry dressing for 

sensitive skin.  

6) Trim your nail straight across.  

7) Wash and dry your feet every day, especially between the toes.  

8) Apply a good skin lotion every day on your heels and soles. Wipe off any excess 

lotion. 

9) Change your socks every day. 

10) Always wear professionally fitted with good supportive shoes from a reputable 

store. 

11) Choose shoes with low heels (under 5 cm high).  

12) Buy shoes in the late afternoon (since your feet swell slightly by then).  

13) Avoid extreme cold and heat (including the sun).  

14) Exercise regularly. 

15) See a foot care specialist if you need advice or treatment  

DON’T 

1) Don’t cut your corns or calluses.  
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2) Don’t treat your in-growing toenails or slivers with a razor or scissors.  

3) Don’t use over-the-counter medications to treat corns and warts. They are 

dangerous for people with diabetes.  

4) Don’t apply heat to your feet with a hot water bottle or electric blanket. You could 

burn your feet without realizing it.  

5) Don’t soak your feet. 

6) Don’t take very hot baths.  

7) Don’t use lotion between your toes.  

8) Don’t walk barefoot inside or outside.  

9) Don’t wear tight socks, garters or elastics, or knee-highs.  

10) Don’t wear over-the-counter insoles – they can cause blisters if they are not right 

for your feet.  

11) Don’t sit cross-legged for long periods.  

12) Don’t smoke.  

GENERAL MANAGEMENT OF TYPE 2 DIABETE MELLITUS 
 

The treatment of patients with Type 2 diabetes mellitus consists of education, 

evaluation for microvascular and macrovascular complications, interventions to attain near 

normoglycemia like life style modification (exercise, smoking cessation and diet) and 

medications (oral hypoglycemic agents, insulin), minimization of cardiovascular and other 

long term risk factors, avoidance of drugs that exacerbate abnormalities of insulin or lipid 

metabolism and regular screening for microvascular and macrovascular complications. 

In a clinical review conducted by Dr. Nalini Singh et al concluded that screening 

all patients with diabetes for foot ulcer help to identify people at risk and also says they 

will benefit from simple interventions like education, proper footwear, and foot care (41) 
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In a technical review done on studies on preventive diabetic foot care by Jennifer 

A. Mayfield et al, found that diabetic foot care programs decreased diabetic foot 

complications and amputations. These programs have usually included a thorough foot risk 

assessment, callus and nail care, customized footwear, wound care, and patient education 

provided by a multidisciplinary team with a special interest and expertise in the foot. (42).  

In a study published by Ronan J Canavan et al from the U.K on diabetic and 

nondiabetic related lower extremity amputation incidence before and after the introduction 

of better-organized foot care, found a significant improvement in foot disease outcome 

among diabetics after the introduction of organized foot care. The study was done from 

1995-2000 on 454 patients. The relative risk of a person with diabetes undergoing a lower 

extremity amputation went from being 46 times that of a person without diabetes to 7.7 at 

the end of the 5 years. The principal change to diabetic foot care over the period studied 

was the establishment of a dedicated diabetic foot care team with a community-based 

chiropody service. This included the establishment of care pathways and protocols for 

managing diabetic foot problems with input from a vascular and orthopedic surgeon, 

orthotist, diabetic chiropodists, and a single diabetologist. Educational events to raise 

awareness of diabetes foot complications were organized. (43)  

In a study conducted by Hanu George et al regarding foot care knowledge and 

practices and the prevalence of peripheral neuropathy among people with diabetes 

attending a secondary care rural hospital in Southern India in 2013 on 212 patients,(CHAD 

hospital, Vellore) in the results were about 75% had good knowledge score and 67% had 

good foot care practice score. Poor education status and lesser duration of diabetes were 

significantly associated with poor knowledge on foot care. Poor knowledge was associated 

with poor foot care practices (44)  
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In a study conducted in Chennai by Viswanathan et al on diabetic foot care and 

knowledge in 1999 on 250 diabetic patients found that 67.2% had low knowledge. It was 

a questionnaire study which was filled after a personal interview with the patients. Low 

scores were more among people with low formal education. This indicates a need for 

proper health education for patients about foot care (45).  

In a study conducted by Pothiraj Pitchai et al on knowledge and practice of foot 

care amongst diabetics in India: comparison between urban and rural setting found that 

58% in urban and 8% in rural had good knowledge of diabetic foot care. 6% of urban 

48%rural diabetics had a poor practice score. Education and Socioeconomic status were 

significantly associated with rural populations (46)  

In a study conducted by O. O. Desalu regarding diabetic foot care: self reported 

knowledge and practice among patients attending three tertiary hospital in Nigeria in 2009-

10 on 352 diabetic patients, this study highlighted the gaps in the knowledge and practice 

of foot care in diabetic patients and underscores the need for an educational programme to 

reduce of diabetic foot complication. 30.1% had good knowledge and 10.2 % had a good 

practice of DM foot care. The majority (78.4%) of patients with poor practice had poor 

knowledge of foot care (47)  

In a study conducted by Jamil Ahmed Somroo et al regarding diabetic foot care 

among diabetic patients visiting Liaquat University of Medical Sciences Hospital 

Hyderabad in100 patients, patients taking proper care of foot were only 6%. Associations 

of proper foot care were statistically significant with the literacy status of patients and foot 

care teachings (p<0.05) (48).  
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In a study conducted by Karam Padma et al in Andhra Pradesh in 2012 on 117 

diabetic patients on knowledge and self-care practices among diabetic patients found that 

patients who had good self-care practices had good glycemic control (49)  

In the study conducted in China by Rao Li et al regarding knowledge about diabetic 

foot care, behaviours and analysis of influencing factors in 5961 patients visiting various 

hospitals in China in 2010, the knowledge about the diabetic foot care was medium and 

self-care practice was poor. Pearson analysis demonstrated that there was a positive 

correlation between knowledge score and behaviour score (r = 0.27, p < 0.001) (50)  

In the study conducted by Manisha C Gholap et al in 2013 on 50 diabetic patients, 

the knowledge and practice regarding foot care among diabetes patients at Krishna 

Hospital, Karad, the level of practice score of diabetic patients regarding foot care reveals 

that majority 29(58%) had average practice, 11(22%) had good practice and 10(20%) had 

poor practice. In the study, she found that as the knowledge increased the practice also 

increased (51)  

In the study conducted by Suman Saurabh et al on the effectiveness of foot care 

education among diabetics in Pondicherry in 2014 in 103 patients, found even 5-6 min time 

devoted for individual education improved the foot care practices among the diabetics. (52)  

In a study conducted by Parichehr Kafaie et al in Iran in 2011 on the evaluation of 

education on diabetic patients found foot self-care education could improve knowledge and 

performance of patients about various foot problems and was significantly important in 

preventing ulcers (53) 

The above literature review conveys that a lot of research is done to assess the 

knowledge and practice prevalence of diabetic foot care, mostly in people who attend a 
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clinic. Insufficient studies are enquiring the factors that influence in patients acquiring good 

or poor knowledge and those which influence their practice. This has lead us to take up this 

study to assess the prevalence of knowledge and practice of diabetic foot care and factors 

that influence the same among the diabetic patient living in the urban slum of Vellore. 
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4. MATERIALS AND METHODOLOGY 
 

STUDY SETTINGS 
 

The study setting will be the urban slums of Vellore served by outreach clinics that 

are part of LCECU, CMC Vellore. LCECU is a secondary care unit proving curative and 

preventive care to the economically challenged urban population in the surrounding 

locality. It caters to a population of 1,98,000. The centre has outpatient, inpatient and 

outreach services. The outreach clinics provide services to 5 urban slum areas in Vellore. 

Each slum area is visited once in every week by a community health worker, nurse, and a 

doctor. Outreach clinics treat a variety of diseases including diabetes, hypertension, 

bronchial asthma, tuberculosis, rheumatic heart disease, respiratory infections, urinary tract 

infections, etc. The patient requiring secondary level inpatient care will be referred to 

LCECU and those who need tertiary care will be referred to Christian Medical College, 

Vellore. The study will be conducted in the identified slum areas with the help of 

community health workers. The study will be conducted for 2 years until the required 

sample size is attained. 

STUDY POPULATION 

The study population will include all urban slum dwellers above the age of 18, with 

Type 2 diabetes mellitus for more than 6 months. 

Inclusion criteria 

1) People diagnosed with Type2 diabetes mellitus 

2) Duration diabetes is 6 months or more 

Exclusion criteria 

3) People who do not give consent for the study 

4) People with hearing/ visual/verbal/cognitive impairment 
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5) People with newly diagnosed diabetes in less than 6 months 

6) Pregnant women. 

STUDY DESIGN 

A cross-sectional study design 

SAMPLE SIZE CALCULATION 

Study based on a questionnaire, conducted by Viswanathan V, et al – “Need for 

education on foot care in diabetic patients in India”- shows that the prevalence of good foot 

care knowledge, indicated by a score of more than 50 out of 100, is 32%. (45) Taking this 

as the prevalence the sample size is calculated as below: 

Single Proportion - Absolute Precision 

Expected Proportion =0 .32 

Precision (%) = 6.5 

Desired confidence level (%)= 95 

Required sample size = 198 

                                                 Confidence Level (%)                               Sample Size (n) 

                                                                90                                                             139 

                                                                95                                                             198 

                                                                99                                                             343 

With reference to Viswanathan et al the knowledge on Foot care practice was found to be 

32% with precision at 6.5% and with the desired confidence interval at 95% we need to 

study at least 198 type 2 diabetes patients. 

STUDY PERIOD 

November 2017 to August 2019 
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SELECTION OF PARTICIPANTS 

Study participants are selected from the community who met the inclusion criteria 

by the house to house visit.  

DATA COLLECTION                                

Consent: The investigator had earlier submitted the study proposal to the Institutional 

Review Board and obtained clearance to conduct the study. Individual consent was taken 

in Tamil from each participant, after explaining the purpose of the study. After consent, the 

study participants were interviewed and examined by the investigator using the structured 

questionnaire. Field workers were also involved in interviewing the participants though all 

of them were examined by the investigator.  

 

Questionnaire:  A questionnaire is derived from the Step by Step foot care educational 

video for patients published by The International Working Group on the Diabetic Foot, 

Diabetic Foot Society of India (DFSI) and Muhimbili University College of Health 

Sciences Dares Salaam (MUCHS) funded by World Diabetes Foundation (WDF) (54). 

Each question was based on the different components of diabetic foot care which has to be 

done on a routine basis which can prevent or delay diabetic foot ulcer. The questionnaire 

is content validated by – two endocrinologists, general physician, diabetic educator, a 

family physician of Christian Medical College, Vellore. The questionnaire has three parts: 

the first part is demographic details, the second part contains the brief history of 

diabetes and third part contain the questions assessing the knowledge, their practice, and 

reasons for the same. The questionnaire was translated to Tamil and translated back to 

English and was validated by the staff in Family medicine department, CMC Vellore. This 

questionnaire for assessing awareness about foot care and its practice will be administered 

to all the participants who gives consent to be a part of the study, in their mother tongue by 
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the principal investigator with the help of field workers. The questions will be asked as 

open-ended questions and the multiple options will be used as the checklist. If the 

participants' answers are out of the options, then it will be included in option “others”. The 

questionnaire has been tried on a trial basis in OPD with 2 patients who came for regular 

diabetic follow up. All the responses will be analysed to assess the level of foot care 

knowledge, practice and the factors influencing the practice of foot care.  

The questionnaire has a total score of 24 in knowledge and 60 in practice. A score 

of less than 50% is considered as poor knowledge or poor practice. 

 

Knowledge category Scoring 

Poor knowledge Less than 12 

Good knowledge 12-18 

Very good knowledge More than 18 

Table 6: Classification of knowledge based on score 

   

Practice category Scoring 

Poor practice Less than 30 

Good practice 30 – 45 

Very good practice More than 45 

Table 7: Classification of practice based on score 

 

All the participants will be screened for high-risk foot using biothesiometer. 

Biothesiometer is an electric device which uses vibration sensation to assess the 

neuropathy. Since this is a community based study, biothesiometer was taken by the 

investigator during house to house visit and foot was examined then and there. Those places 

where electricity was not available, participants were asked to gather in the church or 
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neighbouring houses where electricity is available. Polyneuro + model  digital 

biothesiometer was used in this study which has vibration ranging from 0 Hz to 50 Hz (Fig 

4). Each foot was checked for vibration sensation in the specified 10 areas. Participants 

were asked to say when they felt the vibration sensation in each area while the sensory 

input was given gradually from 0 Hz to 50 Hz. Once all 10 areas are checked the software 

will generate the average of all the readings. Based on this average reading the grading of 

neuropathy was done.( Table5 ) 

 

 

 

Figure 4: Polyneuro + model Biothesiometer 
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Mode of data collection: Data collection on demographic characteristics, diabetic history, 

knowledge and foot care practices was done using face to face interview technique by 

investigator along with the help of field workers and volunteers in community. After the 

interview, the clinical examination of the foot was done by the principal investigator. 

Detailed diagrammatic algorithm of the study: 
 

 

 

  

Figure 5: Flowchart of  study methodology 

Adult people with 
diabetes living in urban 

slums of Vellore 

Level of foot care 
knowledge and practice 
in the study population 

Factors involved in the 
foot care practice 

Recognize participants 
with high risk foot. 

 

Exclusion criteria 
applied 

Informed consent 

Questionnaire and 
Foot examination 
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Statistical Analysis:  

Data entry was done using the software Epidata version 3.1 (55). The analysis was 

done using the SPSS version 23.0 (56). The foot care knowledge and their practice were 

assessed separately. The total and mean knowledge scores and practice scores were 

calculated. The study participants were categorized into 3 groups: those who scored less 

than 50 % as poor knowledge, 50%- 75% as good knowledge and those with more than 

75% as very good knowledge. Similarly, those with a score of less than 50% in practice is 

regarded as poor practice, 50%- 75% as good practice and more than 75% as very good 

practice. Based on the biothesiometer reading patients were categorized as a normal foot 

(less than and equal to 15 HZ) and high-risk foot (more than 15 HZ). Simple frequency 

distribution tables were generated for dependent and independent factors.   

IRB Clearance and Funding of the study:   

The Institute Review Board clearance was attained on 7th November, 2018 with 

reference number IRB Min No. 10937. The study was funded by the Fluid Research Grant 

of Christian Medical College, Vellore. 
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5. RESULTS 
 

Data collection was done during the period of Jan 2018 to Jan 2019, by the principal 

investigator house to house visit in 5 urban slums of Vellore. Participants were selected 

based on inclusion and exclusion criteria until the sample size calculated was attained i.e. 

198 participants. About 5 to 10 participants were recruited per week among the 5 slum 

areas randomly. 

Characteristics of the study population   
 

Of the study population 69.2% consisted of women (Fig 6) and the mean age of the 

population is 56.6 years. The study participants were recruited from 5 urban slum areas of 

Vellore. 36.4 % were from Old town area while the least was from the Dhidinagar 4.5%  

(Fig 5). While 38.4% of study had no formal school education, 37.4% had done secondary 

education, and only 2 % present did further education after 10th std (Fig 8). Majority of the 

study population were Hindus accounting for 83.8%, while the minority was Muslims – 1 

% and the rest were Christians (Fig 7). 57.1% were unemployed, 30.8 % does manual work 

for daily wages (Fig9).  
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Distribution of the study population in 5 urban slum areas of Vellore 

 

Figure 6: Study Population distribution in slum areas 

 

 

Gender distribution of the study population 
 

  

Figure 7: Gender distribution of the study population 
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Religious distribution of study population  
 

 

Figure 8: Religious distribution of the study population 

 

Educational status of the study population 
 

  

Figure 9: Educational status of the study population 
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Occupational status of the study population 
 

  

Figure 10: Occupational status of the study population 
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Demographic details of the study population 
 

Demographic 

characteristics 

Categories Number Percentage 

Age <50 years 58 29.3 

>50 years 140 70.7 

Gender Male  61 30.8 

Female 137 69.2 

 

 

Place 

Muthumandapam 44 22.2 

RS nagar 21 10.6 

Samiyarmadam 52 26.3 

Old town 72 36.4 

Didinagar 9 4.5 

 

Religion 

Hindu 166 83.2 

Christian 30 15.2 

Muslim 2 1.0 

 

Education 

No formal education 76 38.4 

Primary education 44 22.0 

Secondary education 74 37.4 

Above 10th std 4 2.0 

 

Occupation 

Unemployed 113 57.1 

Manual labour 61 30.8 

Office work 3 1.5 

Others  21 10.6 

Table 8: Demographic details of the study population 
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Disease Status 

Of the study population 54% were diagnosed with diabetes mellitus within 5 years. 

87.9% are on oral hypoglycaemic agents while 7.6% were on both insulin and antidiabetic 

agents. Only 9 participants were on diet control alone. HbA1c done within 1 year was taken 

as the marker for the current control of diabetes. About 60.1 % participants had no HbA1c 

done within 1 year, 9.1 % had their sugars under control while 30.3 % had uncontrolled 

sugars with HbA1c higher than 6.5.  Among the participants 8.6% had history of foot 

ulcers. 72.7 % of participants had normal subjective sensation of the foot while 27.3 sensed 

it as abnormal. Using biothesiometer 60.6 % of the participants were found to have 

peripheral neuropathy indicating presence of high risk foot. 

Features Categories Number Percentage 

Duration of illness 
Less than 5 years 107 54 

More than 5 years 91 46 

Treatment 

Diet alone 9 4.5 

OHA 174 87 

OHA and Insulin 15 7.6 

HbA1 c 

≤6.5% 18 9.1 

>6.5% 60 30,3 

Not done 119 60.1 

H/o foot ulcer 
NO 181 91.4 

YES 17 8.6 

Subjective foot sensation 
Normal 144 72.7 

Abnormal 54 27.3 

Presence of neuropathy 
Absent 78 39.4 

Present 120 60.6 

 

Table 9: Disease Status of the study population 
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Knowledge on foot care 

Questions on knowledge were analysed for their responses and scoring was also 

done. The maximum score possible was 24. The mean score of the study population was 

9.05 indicating poor knowledge. Categorization of the knowledge was done based on the 

score as mentioned previously. Only 7 study participants had very good knowledge i.e. a 

score more than 18. 31.8 % had good knowledge with score between 12-18. 64.6% had a 

score less than 12 and was graded as poor knowledge. 

 

Figure 11: Categories based on knowledge score 

 

Each questions regarding diabetic foot care knowledge with percentage of study 

participants answered correctly is given in table 10. 
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Knowledge Number Percentage 

Daily foot inspection 58 29.3 

Use mirror to view the sole of the foot 4 2 

Danger sign  : Ulcer 

                       Blister 

                       Colour change 

                       Swelling 

                       Ingrown toe nail 

59 29.8 

13 6.6 

14 7.1 

20 10.1 

14 7.1 

Consult doctors when danger signs are present 184 92.9 

Daily clean foot with soap and water 168 84.8 

Use lotion to moisturise foot 45 22.7 

Keep the web spaces dry 74 37.4 

Do not walk bare foot – Outside house 

                                        Inside house 

191 96.5 

11 5.6 

Use MCR foot wear 86 43.4 

Inspect the foot wear daily before using it 46 23.2 

Change foot wear once in 6-8 months 43 21.7 

Use nail cutter to cut nails 157 79.3 

Periodic foot examination by the doctor 90 45.5 

Smoking aggravates diabetic foot disease 33 16.7 

Do not sit cross legged for long time 36 18.2 

What is to be done to control diabetes : Diet control 

                                                              : Exercise 

                                                              : Medication 

                                                              : Regular follow up 

196 99 

173 87.4 

197 99.5 

189 95.5 

Table 10: Each knowledge component of foot care and their correct responses. 



67 
 

Strength in knowledge found in the study 
 

1. 99.5% know they should take medication regularly to keep diabetes under control 

2. 99% know they should have good diet control to keep diabetes under control 

3. 96.5% know they should not walk bare foot outside the house 

4. 95.5% know they should have regular follow up to keep diabetes under control 

5. 92.9% people know they need to consult a doctor if any danger signs present in the 

foot 

6. 87.4% know they should exercise regularly to keep diabetes under control 

7. 84.8% know they need to clean foot with soap and water 

8. 79.3% know they should use a nail cutter to cut the nails 

Deficiencies in the knowledge found in the study 
 

1. 98% don’t know they should use a mirror to inspect the sole of the foot 

2. 94.4%  don’t know they should not walk bare foot inside the house 

3. 83.3% don’t know that smoking will aggravate diabetic foot disease 

4. 81.8% don’t know they should not sit cross legged for the long time 

5. 78.3% don’t know they should change the foot wear once in 6-8 months 

6. 77.3% don’t know they should use lotion to moisturise their foot 

7. 76.8% don’t know they should inspect the foot wear 

8. 70.7% don’t know they need to inspect the foot daily 

9. Less than 10 % knew that should look for danger signs in foot like blister, colour 

change, ingrown toe nail, swelling. 

10. 62.6% don’t know they should keep the web spaces dry 

11. 56.6 % don’t know diabetic people should use MCR chappal 

12. 54.5 % did not know that they should have a periodic foot examination by doctor 
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Gender 

Knowledge p value 

Poor Good Very good  

0.748 Male 67.2% 31.1% 1.6% 

Female 63.5% 32.1% 4.4% 

 

Table 11: Knowledge score distribution among 2 genders of study population 

 

Educational 

 Status 

Knowledge score p value 

Poor Good Very good 

No formal 

education 

60 13 3  

 

0.001 Primary 

education 

27 15 2 

Secondary 

education 

41 31 2 

More than 10th 

Std 

0 4 0 

 

Table 12: Knowledge score and education of the participants 

 

Age Knowledge score p value 

Poor Good Very good  

0.158 ≤ 50 years 55.2% 39.7% 5.2% 

>50 years 68.6% 28.6% 2.9% 

 

Table 13:Knowledge score and age of the participant 
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Duration of 

diabetes 

Knowledge score P value 

Poor Good Very good 

<1 year 20 8 1  

0.954 1-5 years 51 25 2 

>5years 57 30 4 

 

Table 14: Knowledge score and duration of diabetes 

 

History of foot 

ulcer 

Knowledge score        p value 

Poor Good Very good 

NO 121 53 7 0.053 

YES 7 10 0 

 

Table 15:Knowledge score and history of foot ulcer 

 

Practices related to foot care 

Practice of each component of knowledge was asked whether it was practiced by 

the study participant and categorised as poor practice, good practice and very good practice 

according to the regularity of practice. The maximum score possible is 60.  

Participants who scored less than 50% of the total score is considered as having 

poor practice while 50-75% are considered as good practice and those with score above 

75% is considered as having very good practice. The mean score of the study population is 

29.24 indicating a poor practice. 62.1% had poor practice while 33.8% had good practice 

and only 7 participants had very good practice.   
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In the study population, 70.2 percent had no practice of inspecting the foot and 

16.2% participants inspected their foot 5-7 days per week. 98% of the study population did 

not use a mirror to inspect the sole of the foot. 77.8 percent did not look for danger signs 

in the foot. 67.2% regularly consulted a doctor if they had any danger signs in the foot. 

59.1 % of participants clean their foot 5-7 days per week. 77.3 % had no practice of 

moisturizing their foot and 62.6% did not keep their web spaces dry. 

80.3 % of the study population did not use MCR foot wear. 67.7 % always wear 

foot wear outside the house, but 97.5% never wore foot wear inside the house. 75.3% had 

no practice of inspecting the foot wear before wearing them. 13.6 % of the participants do 

change their foot wear once in 6-8months. 75.3% use nail-cutter to cut nails regularly. Only 

19.7 % of participants recalled that their doctor regularly examined their foot. 9.6% of the 

study population continue the habit of smoking while 7.1% are reformed smokers, 3% are 

passive smokers and 80.3% are not smokers. 12.1 % had no practice of sitting in the floor 

cross legged for long time. 

3.50%

33.80%

62.10%

very good practice good practice poor practice

Figure 12: Categories of foot care practice 
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28.8% of the participants followed no diabetic diet while 53% followed it regularly. 

47.5% did not exercise at all while 38.4% exercise regularly. 96% of study population took 

their medication regularly. 51% had regular follow up while 48% had irregular follow up. 

 

 

Foot care No 

practice 

Poor 

practice 

Good 

practice 

Very good 

practice 

Daily foot inspection 70.2 4 9.6 16.2 

Use mirror to view the sole of the foot 98 1 1 0 

Danger sign  77.8 5.1 7.1 10.1 

Daily clean foot with soap and water 15.2 3.5 22.2 59.1 

Use lotion to moisturise foot 77.3 7.6 9.6 5.6 

Use MCR foot wear 80.3 0 4 15.7 

Inspect the foot wear daily before 

using it  
75.3 7.6 9.1 8.1 

Foot care Never Sometimes Always 

Consult doctor for danger signs 6.6 26.3 67.2 

Keep web space dry 62.6 17.2 20.2 

Use foot wear outside house 4.5 27.8 67.7 

Use foot wear inside house 97.5 2 0.5 

Change foot wear once in 6-8 months 25.3 61.1 13.6 

Nail cutter 19.7 5.1 75.3 

Foot examination by doctor 24.7 55.6 19.7 

Regular follow up for diabetes control 1 48   51 

 

Table 16 A :Practice of each foot care component 
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Diabetes :  Diet control         

                  Exercise 

                  Medication   

28.8 2 16.2 53 

47.5 6.6 7.6 38.4 

3.5 0 0.5 96 

Table 16 B : Practices of foot care components 

Strength in practice found in the study 

1. 96% took medications regularly. 

2. 80.3% don’t smoke 

3. 75.3% use nail cutter to cut toe nails 

4. 67.7% regularly use footwear outside the house 

5. 67.2% always consulted doctor if there is any danger signs in foot 

6. 59.1 % clean foot with soap and water regularly  

Deficiencies in diabetic foot care practice found in this study  

1. 97.5% do not wear foot wear inside house 

2. 80.3% do not use MCR chappals   

3. 77.8% do not look for danger signs 

4. 75.3% do not inspect their foot wear before wearing it 

5. 70.2% do not inspect their foot  

6. 62.6 % do not keep their web spaces dry 

7. 47.5% do not exercise 

Gender Practice score p value 

Poor Good Very good 

Male 42 19 0 0.144 

Female 81 49 7 

Table 17 : Practice score and gender 
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Age Practice score p value 

Poor Good Very good 

≤ 50 years 34 22 2 0.841 

>50 years 89 46 5 

 

Table 18: Practice score and Age 

 

Educational 

 Status 

Practice score p value 

Poor Good Very good 

No formal education 63 10 3  

 

0.000 

Primary education 23 19 2 

Secondary education 36 36 2 

More than 10th Std 1 3 0 

 

Table 19: Practice score and education 

 

Duration of 

diabetes 

Practice score p value 

Poor Good Very good 

<1 year 19 9 1  

0.968 1-5 years 49 27 2 

>5years 55 32 4 

 

Table 20: Practice score and duration of diabetes 
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Figure 13 : Smoking status distribution in the population 
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Table 21: Relation between knowledge and practice 

 

PARTICIPANTS’ SUBJECTIVE REASONS FOR THEIR FOOT CARE 

PRACTICES  

Participants were enquired about reasons for the level of foot care routine. Both 

participants who had very good practice and poor practice were involved. Some of the most 

common reasons for the foot care practice are discussed below. 
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Reasons to practice a) Doctors told me to do so 

b) My family told me to do so  

Reasons not to practice a) I don’t know that it is to be done 

b) No time to do it 

Table 22: Daily foot inspection 

Reasons to practice a) Doctors told me to do so 

Reasons not to practice a) I don’t know that it is to be done 

b) I don’t think it is important 

Table 23: Use mirror to inspect the sole of the foot 

Reasons to practice a) Doctor told me to do so 

Reasons not to practice a) I don’t know that it is to be done 

b) No time to do it 

Table 24: Look for danger signs 

Reasons to practice a) I know it is important 

b) My family told me to do so  

Reasons not to practice a) I don’t know that it is to be done 

b) I don’t have time for it 

Table 25: Consult doctor immediately in the presence any danger signs 

Reasons to practice a) Doctors said me to do so 

b) I do it regularly when I take bath 

as an old habit 

Reasons not to practice a) I don’t know it is to be done 

b) I don’t have time to do it 

Table 26: Clean your feet regularly with soap and water 
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Reasons to practice a) Doctors said me to do so 

b) I know it is important 

Reasons not to practice a) I donot know that it is to be 

done 

b) I forgot to do it 

c) I don’t have time 

Table 27: Keep web spaces dry 

 

Reasons to practice a) Doctor said me to do so 

Reasons not to practice a) I don’t know that it is to be done 

b) I forgot to do it 

c) I don’t have time for it 

Table 28: Use lotion regularly to moisturise the foot 

 

Reasons to practice a) Doctor said me to do so 

b) I know it is important 

c) I know it help to prevent 

wounds 

Reasons not to practice a) I forgot to do it 

b) I don’t have money 

c) I don’t think it is important 

d) Old habit 

Table 29: Do not walk bare foot out side the house 
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Reasons to practice a) Doctor said me to do so 

Reasons not to practice a) I don’t know that it is to be done 

b) I don’t have money 

c) I don’t think it is important 

d) MCR chappal get torn off very 

easily 

e) MCR chappal is very soft to use 

f) MCR chappal is slippery to 

wear 

g) I am happy with my current 

chappal 

Table 30: Use MCR chappals 

 

Reasons to practice a) Doctor said me to do so  

Reasons not to practice a) I walk bare foot inside the house 

because of religious reasons 

b) I don’t know that it is to be done 

Table 31: Do not walk bare foot inside the house 

 

Reasons to practice a) Doctor said me to do so 

Reasons not to practice a) I don’t know that it is to be done 

b) I don’t have time for it 

c) I forgot to do it  

Table 32: Inspect the footwear before wearing it 
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Reasons to practice a) Doctor said me to do so. 

b) Most of the time my chappal will 

last for less than 6 months 

Reasons not to practice a) I use chappal as long as it last 

b) I don’t have money 

Table 33: Change footwear once in 6-8 months 

 

Reasons to practice a) My family told me to do so 

b) Doctor said me to do so 

c) My family help me to do it 

Reasons not to practice a) I use blade 

b) I use to pluck it with my bare 

hands 

Table 34: Use nail cutter to cut the nails 

 

Reasons to practice a) I know it is important 

Reasons not to practice a) I don’t know that it is to be done 

b) My doctor is often very busy 

Table 35: Periodic foot examination by doctor 
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Reasons to practice a) Smoking is bad for health 

b) Ladies do not smoke in our 

culture 

c) Doctor said me to do so 

Reasons not to practice a) Difficult to quit 

b) I don’t have any issue with 

smoking 

Table 36: Smoking increases the risk of diabetic foot disease 

 

Reasons to practice a) Cannot sit because of knee pain 

and body pain 

Reasons not to practice a) I don’t know about it 

b) Its an old habit, difficult to 

change 

Table 37: Do not sit cross legged in the floor for long time 

 

Reasons to practice a) Doctor said me to do so 

Reasons not to practice a) I eat what is made for everyone 

b) Wheat is heat to the body. 

c) I like rice 

d) Wheat cause indigestion, 

diarrhoea  

Table 38: Diet Control 
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Reasons to practice a) Doctors told me to do so. 

Reasons not to practice a) I don’t have time 

b) Body pain, breathing difficulty 

and knee pain 

Table 39: Exercise 

 

Reasons to practice a) Doctors said me to do so 

Reasons not to practice a) I am on diet 

b) I miss tablets as I am travelling 

frequently to my home town 

c) My sugar levels are good 

enough to take medicines 

Table 40: Regular medication 

 

Reasons to practice a) Doctors said me to do so 

b) Family reminds me for regular 

follow up 

c) I know it is important 

Reasons not to practice a) I don’t know about it 

b) I don’t get time for it 

c) I travel frequently out of town 

d) Family issues 

e) I don’t have money 

Table 41: Regular Follow up 
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6. DISCUSSION 

 

Diabetes is a global pandemic and India is in the lead to become the “diabetic 

capital” of the world. Among the many complications of diabetes, diabetic foot diseases 

are the major source of morbidity and mortality. It is the leading cause of amputations in 

patients with diabetes mellitus and thus major medical, social and economic problem 

worldwide. 

In developed countries 1 in 6 people will have an ulcer during their life time, while 

in developing countries like India, where the cultural practices like barefoot walking, 

religious practices like walking in the fire increases the likely prevalence of foot 

complications. 

Daily foot inspection along with other general measures like maintain good blood 

sugar control can prevent the development of foot ulcers in people with diabetes. It has also 

been found that patients become more compliant to the treatment when they have sufficient 

knowledge about their medical condition. All patients should undergo a structured 

education about diabetes, life style changes and foot care at the time of initial diagnosis 

and thereafter on ongoing basis to improve their attitude and bring about the desired 

behavioural changes. 

This study looked at the knowledge and practices regarding foot care and factors 

influencing the foot care practices among the people belonging urban slums. 

CHARACTERISTICS OF STUDY POPULATION 
 

Of the study population recruited from five urban slum areas of Vellore 69.2% were 

women and the mean age of the participants was 56.6 years. 38.4 % of the sample had no 
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formal education while only 2 % had continued their education beyond 10th standard. 

57.1% of the study population were unemployed. 

FACTORS RELATED TO THE DISEASE STATUS 
 

Among the study participants 87.9% were on oral hypoglycaemic agents, 7.6 % 

were using insulin and only nine participants were on diet alone. In this study we took 

glycosylated haemoglobin (HbA1c) done within 1year duration as the marker for the 

current diabetic control. Unfortunately, about 60.1 % people in the study did not have 

HbA1C done within 1 year. Only 18 participants had HbA1c <6.5% indicating controlled 

sugar levels and 30.3% had uncontrolled diabetes mellitus.  

FACTORS RELATED TO THE KNOWLEDGE 
 

This was a community based study, where people where visited at their homes. 

Most of the study population were women and this may because ladies are available at 

home and men go for job early morning and return late night which made them difficult to 

recruit to study. Gender showed no statistical significant association with the knowledge 

of foot care. This is similar to the studies conducted by Seema Hasnain et all (57) and 

Manisha Gholap et all (51). But the studies conducted by Vishwanathan et al (45) and Hanu 

George et al (44) found  females have better knowledge on foot care. The age of the 

participant also did not have any significant association with the knowledge and practice 

of diabetic foot care ( p value- 0.158) 

Various studies worldwide have shown that duration of the diabetes influence the 

knowledge on foot care. Duration of the diabetes influenced the knowledge according to 

Hanu George et al (44). This was probably because during their multiple hospital visits 

they were exposed to more education. In our study we found that duration of illness had no 
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significant association with knowledge (0.954) which is similar to the findings of Manisha 

Gholap (51). 

In our study we understood that history of previous foot ulcer trend to improve the 

knowledge on diabetic foot care (p value-0.053). This may be because of the hospital 

review for the foot ulcer expose them to better foot care education by the health care 

providers. 

Study Country Prevalence of good knowledge 

Vishwananthan (ref) India  32.8% 

Seema Hasnain (ref) Pakistan 69.3% 

Hanu George (34) India         75% 

Our study India  35.3% 

 

The maximum score possible was 24. People with score more than 18 (75%) are 

considered as having very good knowledge, those with score more than 12 and less than 

18 are regarded as having good knowledge. While those who scored less than or equal to 

12 are graded as poor knowledge.  The mean score of the study population was 9.05 

indicating poor knowledge. Only 3.5% (7 participants) had very good knowledge and 

31.8% had good knowledge. 64.6% had poor knowledge. This is similar to the study 

conducted by Vishwanathan et al where the knowledge prevalence was 32.8%. Study by 

Hanu George et al showed 75% of prevalence of good knowledge. This may be because of 

the hospital based study where patients are more likely to be educated repeatedly by the 

health care providers. 

Valk et al, writing in 2001 said that though RCTs evaluating education aimed at 

preventing diabetic foot ulceration for the people with diabetes are mostly of poor 
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methodological quality, existing data suggests that foot care knowledge and behaviour of 

the participants seem positively influenced by patient education in the short term(58). 

Hence more emphasis must be laid on foot care education. 

FACTORS ASSOCIATED WITH FOOT CARE PRACTICE 

Practice of each component of knowledge was asked whether it was practiced by 

the study participant and categorised as poor/ good/ very good practise based on the 

regularity of the practice. Prevalence of poor practice in the study population is 62.1% and 

37.9% had good and very good practice of foot care. Study conducted by Hanu George et 

al showed a prevalence of 67 % of good foot care practice (44). It may be because of 

hospital based study where participants are selected from those who visited the secondary 

care hospital leading to increased education and reinforcement of the foot care knowledge 

and practice. 

Our study shows that there is no statistical significance between age (p = 0.841), 

sex (p = 0.144), duration (p = 0.968), history of foot ulcer (p = 0.273) and diabetic foot 

care practice. 

Diabetic foot care components which had regular practice by most of the participants are -   

 Consulting doctor if there is any danger signs 

 Wearing of foot wear outside house  

 Using nail cutter to cut nails  

 Daily cleaning the foot with soap and water 

 Following diabetic diet and taking medication regularly.  

During this study we found that most of the participants who had regular practice of 

diabetic foot care was because it was told to them by the health care provider to do so. This  



85 
 

indicate that constant motivation and education from the health provider can significantly 

influence to bring about the desired behavioural change. 

Diabetic foot care components which had poor practice by most of the participants are 

 Daily inspection of the foot 

 Use of mirror for inspection of the sole 

 Looking for danger signs 

 Keeping the web spaces dry 

 Use of foot wear inside the house  

 Use of lotion to moisturise foot 

 Use of MCR foot wear 

 Daily inspection of the footwear  

 Daily exercise.  

In this study, the most common reason for not practicing foot care was- I don’t know / 

I don’t have time / I don’t have money. 97.5% do not wear footwear inside the house 

because of the religious and cultural believes. Most of the people do not use MCR chappal 

because of lack of knowledge, high cost of  MCR chappal and lack of money, not able to 

use because of the very soft material. 98 % participants did not use mirror to inspect the 

sole of foot because of lack of knowledge regarding the same. Thus by increasing the 

knowledge, it is possible to improve the foot care practice. 

PREVALENCE OF HIGH RISK FOOT 

The prevalence of neuropathy was 60.6% and hence the prevalence of high risk foot 

was the same. In the study conducted by Hanu George et al showed prevalence of 47 %. 

The higher prevalence of peripheral neuropathy in this study may be because this was a 
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community based study and the instrument (Michigan Neuropathy Screening Instrument) 

was not identical  

RELATION BETWEEN KNOWLEDGE AND PRACTICE 
 

Our study shows similar prevalence of good diabetic foot care knowledge and 

practice in the study population. This study shows that there is significant association 

between knowledge and practice (p=0.00; <0.05) As the knowledge improves practice also 

improves. This finding is consistent with the finding of Hanu et al (44) and Manisha Gholap 

(51) where they found as knowledge improves practice also improves. This shows the 

importance of improving the knowledge of patient on foot care. 
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7.  CONCLUSION 

There is significant correlation between knowledge and practice (p = 0.00). As the 

knowledge improves practice also improves. Thus the role of knowledge in primary 

prevention of foot ulcer established. 

Patient’s knowledge on foot inspection, danger signs in foot, use of footwear inside 

house, smoking, MCR footwear, keep foot moisturised, footwear inspection is poor. 

Patient’s knowledge on regular medication, diabetic diet, regular follow up, use of footwear 

outside house, use of nail cutter, clean foot with soap and water are good. 

Patient’s foot care practice on using mirror to inspect the sole, use of MCR 

chappals, use of footwear inside the house, inspection of footwear before use, regular 

exercise is poor. Patients foot care practice on regular medication, diabetic diet, regular 

follow up, use of nail cutter, cleansing of the foot, consulting doctor in the presence of any 

danger signs  is good.  

64.6% has poor knowledge and 62.1% has poor practice in the study population. 

Prevalence of high risk foot is 60.6% 

Health education to improve the diabetic foot care knowledge will improve the foot 

care practice and thus will prevent foot ulcers and its complications. 
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8. RECOMMENDATIONS 
 

1. Enhance public awareness on diabetes, its complications, importance of proper 

glucose control and how to prevent complications 

2. Educate patients on various end organ damage resulting from uncontrolled diabetes. 

3. Content of training the staff and education should focus on the deficiencies 

identified in the study like proper foot inspection of foot and sole, danger signs, use 

of MCR chappals, use of footwear inside and outside house, inspection of the foot 

wear, effect of smoking, role of exercise in diabetes control. 

4. Train staff working in the community to identify high risk foot and educate the 

patients on foot care and refer patients at risk from peripheries to hospital 

5. Regular health education sections in the community 

6. Wall posters of foot care must be displayed in the OPD 

7. We recommend further studies focusing on the prevalence of neuropathy, ulcers 

and other foot complications. 
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9. LIMITATIONS  
 

This is a community based study done in 5 slum areas covered by LCECU (Family 

Medicine department, CMC Vellore). Most of the patients in these slum areas are under 

follow up in LCECU. Patients are given regular health education at hospital. Thus the 

results can be biased and cannot be generalised. 

Peripheral vascular disease though a risk factor for foot complications was not 

investigated due to limitation of resources 
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ANNEXURE 1 Questionnaire 

I.Demographic details: 

 ID NO:                                                           Age:             

 Gender: Male/Female                     Religion: 

 Place:                    Ph no: 

 Education:  1.Illiterate         2.primary school       
3.secondary school 

   4.more than above.   

 Occupation:  1.Manual labourer       2.office work          3.Unemployed    
4.Others 

II.History:   

 Duration of disease:           

 HbA1C  (within 1 year):  

 Treatment  :   1.Diet      2.OHA     3.Insulin      4.OHA + Insulin      5.No treatment 

 Duration of treatment:   

 H/o foot ulcers  YES  NO 

 How is the sensation of your foot: Normal   Not Normal. 

       Biothesiometer score: Right foot    left foot 

     Reasons 
 Reason why I do it  Reason why I don’t do it 

1.  Doctor/ nurse told me to do so 6. I donot know about it 

2.  My family/ friends/peer groups help me to do it.    7.  I have poor eyesight 

3.  I know it is important in people with diabetes 8.  I used to forget to do it 

4. I know it will help early detection of foot ulcers 9.  I don’t have time 
 

5. I know it will help to prevent foot ulcers 10.  I don’t have money 

  11. I don’t have any one to tell/ help me to do it 

0. Others  12. I don’t think it is important  
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ANNEXURE 2 : Patient Information Form 

                                      Patient Information Form 

Dear_______________(patient name) 

This is study being done among adult diabetic patients in urban 
slums of Vellore. This study aims to find out the knowledge of 
patients about foot care and practices on foot care, factors 
involved in the practice of foot care and identify those who are 
prone for developing ulcers. This will take about 30 minutes of your 
time. You will have to answer some questions and your feet will be 
examined by the doctor. There are no risks involved. However, 
there are no benefits for you from taking part in this study. 
Confidentiality of records identifying you will be maintained. Your 
participation is voluntary, and you can withdraw from the study at 
any time and your refusal to participate will not involve any penalty 
or loss of benefits to which you are otherwise entitled. 

If you have any concerns or questions, please contact Dr. Susan 
Jacob  9645839859. 

 

Thank you for your time. 
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ANNEXURE 3 

Informed consent 

      Study title: Awareness about foot care and factors affecting its practice among 
urban slum dwellers with Type 2 Diabetes Mellitus of Tamil Nadu 

Study Number: 

Subject’s Name:          

Date of Birth/ Age: 

(1) I confirm that i have read and understood the information sheet dated 
________   for the above study and have had the opportunity to ask 
questions. 

(2) I understand that my participation in the study is voluntary and that I am 
free to withdraw at any time, without giving any reason, without my 
medical care or legal rights being affected. 

(3) I understand that the investigator, others working on the investigator’s 
behalf, the Ethics committee and the regulatory authorities will not need 
my permission to look at my health records both in respect of the current 
study and any further research that may be conducted in relation to it, 
even if I withdraw from the trial. I agree to this access, however, I 
understand that my identity will not be revealed in any information 
released to third parties or published. 

(4) I agree not to restrict the use of any data or results that arise from the 
study ,provided such  a use is only for scientific purposes. 

(5) I agree to take part in this study    

 

Signature ( or thumb impression) of the Subject/legally acceptable 
representative: ________________                           Date     

Signatory’s Name 

 

Signature of the investigator______________  

Date   Study investigator’s name 

  

 Signature of witness__________________  

  Date:    Name of witness 
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ANNEXURE 4 : Patient Information form  Tamil 
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Annexure 5 Informed Consent form -Tamil 
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Annexure 6 :  IRB Approval
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Annexure 7 : Data Sheet 
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