“ESTIMATION OF SUBCUTANEOUS FAT
THICKNESS USING VARIOUS ANTHROPOMETRIC
MEASURES AND THEIR CORRELATION IN TYPE 2

DIABETES MELLITUS — A ONE YEAR CROSS
SECTIONAL STUDY”™

By

REG NO. BG0114004

Dissertation

Submitted to the
KLE University, Belagavi, Karnataka

In Partial Fulfillment
of the requirements for the degree of

M. D.
in
GENERAL MEDICINE

DEPARTMENT OF MEDICINE,
JAWAHARLAL NEHRU MEDICAL COLLEGE,
BELAGAVI, KARNATAKA

APRIL - 2017




KLE UNIVERSITY, BELAGAVI,
KARNATAKA

Endorsement by the Head of Department,
Principal/ Head of the Institution

This is to certify that the dissertation entitted ESTIMATION OF
SUBCUTANEOUS FAT THICKNESS  USING VARIOUS
ANTHROPOMETRIC MEASURESAND THEIR CORRELATION IN
TYPE 2 DIABETES MELLITUS - A ONE YEAR CROSS
SECTIONAL STUDY is a bonafide research work done by

(REG NO. BG0114004).

Dr. Rekha Patil vp Dr. N. S. Mahantshetti vp
Professor and Head, Principal,

Department of Medicine, J. N. Medica College,

J. N. Medica College, Nehru Nagar, Belagavi — 10

Nehru Nagar, Belagavi — 10

Date: Date:
Place: Belagavi. Place: Belagavi.




LIST OF ABBREVIATIONS

A.D. - Anno Domini

AIR - Acute insulin response

ATP - Adenosine triphosphate

ATP - Adenosine Triphosphate

AUC - Areaunder curve

BIA - Bioelectrical impedance analysis
BMI - Body mass index

Chl - E3 ubiquitin-protein ligase

cm - Centimeter

CT - Computer tomography

CvD - Cardiovascular disease

DCCT - Diabetes Control and Complications Tria
DM - Diabetes mellitus

DNA - Deoxyribo nucleic acid

eg., - For example

ESRD - End-stage renal disease

FBS - Fasting blood sugar

FPG - Fasting plasma glucose

g - grams

GDM - Gestational diabetes mellitus
GWAS - Genome-wide association scans
h - Hourly

HbAlc - Glycosylated haemoglobin
HDL - High density lipoprotein

HDL-C - High density lipoproteins cholesterol



HIV - Human immunodeficiency virus

HNF - Hepatocyte nuclear transcription factor
HOMA - Homeostatic model assessment
ICMR - Indian Council of Medical Research
ICO - Index of central obesity

IDDM - Insulin dependent diabetes mellitus
IGF - Impaired fasting glucose

IGT - Impaired glucose tolerance

IHHP - Isfahan healthy heart program

IL - Interleutin

IOTF - International Obesity Taskforce

IPF - Insulin promoter factor

IR - Insulin resistance

IRS - Insulin receptor substrates

K* - Potassium

kg/m? - Kilograms per square meter

LDL - Low density lipoprotein

MEIA - Microparticle enzyme immune assay
mg/dL - Milligrams per litre

min. - Minutes

mmol/L - Millimole per litre

MODY - Maturity onset diabetes of young
MRI - Magnetic resonance imaging

n - Total number

NC - Neck circumference



NCEP - National Cholesterol Education Program
NGT - Normal glucose tolerance

NHANES - National Health and Nutrition Examination Survey
NIDDM - Non-Insulin dependent diabetes mellitus
OGTT - Oral glucose tolerance test

OR - Oddsratio

p - Probability

PI-3-kinase - Phosphatidylinositol-3'-kinase

PPBS - Post prandial blood sugar

r - Pearson correlation coefficient

ROC - Receiver Operating Characteristic

SAD Sagittal abdominal diameter

SAT Subcutaneous adipose tissue

SC Subcutaneous

SD Standard deviation

TOPS Take Off Pounds Sensibly

u.sS United States

UPR Unfolded protein response

VAT Viscera adipose tissue

VLDL Very low density lipoprotein

VS. Versus

W/H Waist to hip ratio

wC Waist circumference

WHR Waist-to-hip ratio

puU/L Micro units per litre



ABSTRACT

Background and objectives

Overweight and obesity leads to a number of diseases including diabetes
mellitus that contribute to increased morbidity and mortality. This study was aimed to
estimate subcutaneous fat thickness using various anthropometric measures like body
mass index, waist hip ratio, Neck circumference, inter-scapular skin thickness and to

correlate these parameters with type 2 diabetes mellitus.

M ethodology

This one year hospital based cross-sectional study was conducted in the
Department of Medicine, KLES Dr. Prabhakar Kore Hospital and Medical Research
Centre, Belgaum from January 2016 to December 2016. A total of 100 Patients
presenting with type 2 diabetes mellitus were studied. These patients were evaluated
for anthropometric measures like body mass index, waist hip ratio, Neck

circumference, inter-scapular skin thickness

Results

Majority of patients were males amounting to 68% and 32% of the patients
were females with the male female ratio of 2.12:1. the most common age group was
51 to 60 years (41%). The mean age was 58.98 + 9.86 years. Mgjority of the patients
(69%) had elevated fasting blood sugar levels (=126 mg/dL). The mean FBS levels
were 163.67+70.87 mg/dL. Also majority of the patients (66%) had elevated post
prandial blood sugar levels (=200 mg/dL). The mean PPBS levels were 243.16+87.75
mg/dL. 40% of the patients had HbAlc levels between 7.0-8.5 and 39% of the

patients had HbA1c levels of > 8.5. The mean HbA1c levels were 8.72 + 2.08. Most

Vi



of the patients i.e., 63% were overweight (25.00-29.99 kg/m?) while 20% of the
patients were obese (230 Kg/m?). The mean BMI was 28.34+7.28 Kg/m?. Mgjority of
the patients (96%) had abnorma waist hip ratio. The mean WHR was 1.21 = 0.17.
97% of the patients had abnormal waist circumference. 77% of the patients had
normal inter-scapular skin thickness (<2.2) while 23% of the patients had abnormal
inter-scapular skin thickness (22.2). The mean inter-scapular skin was 1.86+0.52. The
mean waist circumference was 96.90+7.77 cms. 84% of the patients had abnormal
neck circumference. The mean neck circumference was 38.33+2.25 cms. 56% of the
patients had raised HOMA-IR (22.41). The mean HOMA IR was 4.20+4.98. The
mean FBS levels (195.1 £ 79.2 mg/dL vs 123.61 + 24.60 mg/dL; p<0.001), PPBS
levels (727.60 + 95.00 mg/dL vs 196.77 = 47.44 mg/dL; p<0.001) compared to those
with normal HOMA IR levels, HBA1c levels (9.60 + 2.20 vs 7.65 + 1.22; p<0.001)
and neck circumference (38.9+ 2.20 mg/dL vs 37.65 + 2.14 cms; p=0.006) was
significantly high in patients with insulin resistance compared to those with normal
HOMA IR levels. Moderate positive correlation was observed between neck
circumference with HOMA IR (r=0.4196; R?=0.1761; p<0.001), fasting blood sugar
levels (r=0.4196; R*=0.1954; p<0.001), post prandial blood sugar levels (r=0.4196;
R?=0.2495; p<0.001) and Glycosylated haemoglobin (r=0.4181; R?=0.1761; p<0.001)

and this correlation was statistically significant.
Conclusion and inter pretation

Neck circumference was significantly high in patients with insulin resistance
compared to those with normal HOMA IR. Incidentally we also found that FBS,

PPBS, HbA1c levels were high in patients with insulin resistance compared to those
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with normal HOMA IR levels. Also there is moderate positive correlation between

neck circumference and FBS, PPBS, HbA1c and HOMA IR.

Keywords

Body mass index; Inter-scapular skin thickness; Neck circumference; Type 2 Diabetes

mellitus, Waist hip ratio;
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I ntroduction

INTRODUCTION

Obesity has become a magjor worldwide epidemic affecting more than 300
million people. Overweight and obesity are terms used for people who weigh more
than the limits recommended for their age and gender. This leads to a number of
diseases that contribute to increased morbidity and mortality. The presence of obesity
worldwide has led to the usage of the term 'globesity’ to describe the epidemic trend

towards increased body weight.?

According to International Obesity Taskforce (IOTF) analysis (2010),° the
numbers of overweight and obese adults are approximately 1.0 billion and 475 million
respectively. Using Asian cut-off values, the number of obese people rises to 600
million. A similar trend is seen in children of school-going age with an estimated 200
million classified as either overweight or obese.® The National Health and Nutrition
Examination Survey (NHANES) has observed that the proportion of American adults
who are obese has doubled from 15% in 1971-74 to 34% in 2003-6.* Countries having
the lowest rates of obesity, such as Japan and Korea, are al'so experiencing a similar

trend.®

Obesity is an important risk factor for diabetes mellitus, type 2, a chronic
disorder of carbohydrate, fat, and protein metabolism.® Diabetes Méellitus has afflicted
mankind since time immemorial. The implications of diabetes have prompted never
ending search and research into intriguing pathogenesis of the metabolic illness and

its several ensuing complications.*

Diabetes Méllitus is a metabolic disorder of multiple etiologies characterized

by chronic hyperglycemia with disturbances of carbohydrate, fat and protein
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I ntroduction
metabolism resulting from defects in insulin secretion, insulin action or both. The vast
majority of cases of diabetes fall into two broad categories. those having little or no
endogenous insulin secretory capacity (IDDM or type 1 DM) and those who retain
endogenous insulin secretory capacity but have a combination of resistance to insulin
action and an inadegquate compensatory insulin secretory response (NIDDM, or Type

2DM)."®

Type 2 diabetes mellitus (DM) accounts for more than 90% of the diabetic
population world wide. Rates of diabetes are increasing worldwide. The International
Diabetes Federation predicts that the number of people living with diabetes will rise

from 366 million in 2011 to 552 million by 2030.°

The top 10 countries in number of people with diabetes are currently India,
China, the United States, Indonesia, Japan, Pakistan, Russia, Brazil, Italy, and
Bangladesh. The prevalence of diabetes and its adverse health effects have risen more

rapidly in South Asiathan in any other region of the world.*

The prevaence of diabetes in India based on the Indian Council of Medical
Research (ICMR) multicentric survey'! was around two percent in urban India and
one percent in rural India before 30 years. In just three decades, these prevalence rates
have shot up to 12 to 16% in urban Indiaand 3 to 8% in rural India, in adults over 20
years of age representing a 600 to 800% increase in prevalence rates of diabetes.

Indeed, India is now referred to as the “Diabetic Capital” of the world.

The field of diabetology has seen new developments occurring at a
bewildering pace. Diabetes mellitus is associated with an increased risk of

atherosclerosis, and macrovascular complications are a major cause of morbidity and
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mortality in this disease.’? It is estimated that, 80% of patients with diabetes mellitus
die a thrombotic death®® and 75% of these deaths are due to cardiovascular
complications and remainder due to cerebrovascular events and periphera vascular

complications.*

Endothelial dysfunction isthe earliest event that precedes the development and
progression of diabetic vascular complications.®> The pathogenesis of endothelial
dysfunction in diabetes is complex. Multiple cellular and molecular mechanisms are
involved in the development of diabetic dysfunctional endothelium (hyperglycemia,

insulin resistance, impaired lipid metabolism and lipoproteins, oxidative stress).'?1°

From the clinical perspective, visceral adipose tissue is known to generate
diabetogenic substances® and, as such, may be more informative than total fat for
diagnostic evaluation. The standard epidemiologic trandation of these important
clinical facts uses anthropometric measures. Waist circumference and waist/hip ratio
have been used as measures of central obesity (where visceral adipose tissue is
stored), and body mass index (kg/m?) has been used as a measure of general

obesity.**’

Clinical evidence suggests that the association of diabetes with central obesity
is stronger than the association with general fat. Studies using computed tomography
and magnetic resonance imaging have provided further evidence to support that
central obesity, visceral adipose tissue, and upper-body non-visceral fat are the major
contributors to the metabolic complications. Central obesity has been associated with
decreased glucose tolerance, alterations in glucose insulin homeostasis, reduced

metabolic clearance of insulin, and decreased insulin-stimulated glucose disposal.**®

20
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In addition, studies that have analyzed the association of anthropometric
measures and abdominal visceral fat have found waist circumference to be a better
measure of central obesity because it is a better predictor of abdominal viscera fat
obtained with computed tomography than is waist/hip ratio, and it can be easily
measured and interpreted.’ However, waist circumference cannot distinguish
abdominal subcutaneous fat, total abdominal fat, and total body fat, and it is strongly
correlated with body mass index. Body mass index has been shown to be a good
indicator of genera fatness (fat areas in the arm, thigh, and waist using computed
tomography scans), muscularity (muscle area in the thigh), and frame size (bone area

in thighs).**

As expected, epidemiologic studies have demonstrated that these three obesity
indicators are strong and consistent predictors of diabetes mellitus, type 2. However,
despite the clear, clinical difference between visceral and other forms of fat, little
epidemiologic difference would be expected in the relations of diabetes with body
mass index versus waist circumference. From a statistical perspective, the two
measures yield similar information, with the correlation coefficient typically about
0.8 Several studies have shown that waist circumference is a better predictor of
diabetes mellitus, type 2, than is body mass index, but these findings are

inconclusive, 2%

while other studies provide evidence that waist/hip ratio has a
positive effect independent of body mass index.?**® In addition, the ability of these
obesity indicators to predict diabetes may differ by ethnicity, age, and sex.® For
example, among Asian populations, central obesity has been shown to be a more

consistent predictor of diabetes than is total obesity,* while general obesity has been

shown to be a better predictor among White US populations and Europeans.*
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Body mass index, waist circumference, and waist/hip ratio have been shown to
be associated with type 2 diabetes. From the clinical perspective, central obesity
(approximated by waist circumference or waist/hip ratio) is known to generate
diabetogenic substances and should therefore be more informative than general
obesity (body mass index). Because of their high correlation, from the statistical
perspective, body mass index and waist circumference are unlikely to yield different

answers.’

Practical and easily performed methods for measuring obesity include various
anthropometric measures such as body mass index (BMI), waist circumference (WC),
waist-to-hip ratio (WHR), as well as the not-so-easy method of measuring the
thickness of subcutaneous fat layer at specific sites for estimating body fat percentage.
BMI has been adopted by most health professionals for obesity surveys, as it is easy
to perform on a large scale. However, it does not depict the true body composition.
Furthermore, visceral obesity, which closely relates to cholesterol levels in the body
and its associated coronary artery disease, is better defined by measuring the waist
circumference.® Measurement of neck circumference (NC) has recently been used to
identify overweight and obesity and is observed to have good correlation with age,
weight, waist and hip circumferences, waist-to-hip ratio, and BMI for both genders.”
Besides, NC is considered an index of upper body obesity and correlates positively
with changes in systolic and diastolic blood pressure and other components of the

metabolic syndrome.>*

NC is found to be a simple and time-saving screening measure that could be
used to identify overweight and obese individuals. It has been shown that men with a

NC of less than 37 cm and women with a NC of less than 34 cm require a more
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comprehensive evaluation of their status as overweight or obese in the settings of

metabolic syndrome.®

Considering the burden of type 2 diabetes mellitus, the fact that obesity being
an important risk factor in the pathogenesis of diabetes, and advantages of measuring
neck circumference this study was undertaken to estimate subcutaneous fat thickness
using various anthropometric measures like body mass index, waist hip ratio, Neck
circumference, inter-scapular skin thickness and to correlate these parameters with

type 2 diabetes mellitus.
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Objectives

OBJECTIVES

The objectives of this study were;

To estimate subcutaneous fat thickness using various anthropometric measures
like body mass index, waist hip ratio, Neck circumference, inter-scapular skin

thickness.

Correlation of the said parameters with type 2 diabetes mellitus.
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Review Of Literature

REVIEW OF LITERATURE

Diabetes Mdlitus

Diabetes mellitus refers to a group of common metabolic disorders that share
the phenotype of hyperglycemia. Several distinct types of DM exist and are caused by
a complex interaction of genetics and environmental factors. Depending on the
etiology of the DM, factors contributing to hyperglycemia include reduced insulin

secretion, decreased glucose utilization, and increased glucose production.’

The metabolic dysregulation associated with DM causes secondary path
physiologic changes in multiple organ systems that impose a tremendous burden on
the individual with diabetes and on the health care system. DM is the leading cause of
end-stage rena disease (ESRD), non-traumatic lower extremity amputations, and
adult blindness. It adso predisposes to cardiovascular diseases. With an increasing
incidence worldwide, DM will be a leading cause of morbidity and mortality for the

foreseeable future.!
History of Diabetes Méellitus

For 2,000 years diabetes has been recognized as a devastating and deadly
disease. In the first century A.D. a Greek, Aretaeus, described the destructive nature

of the affliction which he named "diabetes’ from the Greek word for "siphon."*!

Physicians in ancient times, like Aretaeus, recognized the symptoms of
diabetes but were powerless to effectively treat it. Aretaeus recommended oil of roses,
dates, raw quinces, and gruel. And as late as the 17" century, doctors prescribed gelly

of viper's flesh, broken red coral, sweet almonds, and fresh flowers of blind nettles.*
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In the 17" century a London physician, Dr. Thomas Willis, determined
whether his patients had diabetes or not by sampling their urine. This method of

monitoring blood sugars went largely unchanged until the 20™ century.®*

In 1921, in Ontario, Canada, a young surgeon Frederick Banting, and his
assistant Charles Best, kept a severely diabetic dog alive for 70 days by injecting it
with a murky concoction of canine pancreas extract. With the help of Dr. Collip and
Dr. Macleod, Banting and Best administered a more refined extract of insulin to
Leonard Thompson, a young boy dying of diabetes. Within 24 hours, Leonard's high

blood sugars had dropped to near normal levels.®

Since insulin's discovery, medical breakthroughs continued to prolong and
ease the lives of people with diabetes. In 1935 Roger Hinsworth discovered there
were two types of diabetes: "insulin sensitive” (type |) and "insulin insensitive” (type
[1). By differentiating between the two types of diabetes, Hinsworth helped open up

new avenues of treatment.>

The HbA1c test was devised in 1979 in order to create a more precise blood
sugar measurement. The Alc became a standard measurement for blood sugar control
in the comprehensive ten-year study from 1983 to 1993 the Diabetes Control and
Complications Trial (DCCT). With the conclusion of the DCCT in 1993, studies
showed that people who were able to keep their blood glucose levels as close to
norma as possible had less chance of developing complications associated with

diabetes.*!

Before this, many doctors had not put much emphasis on tight control of blood

glucose levels. The common belief for decades was that diligent monitoring of blood
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sugars and intensive insulin therapy had little consequence for people with diabetes.
Since the DCCT's findings, statistics have proven that tight blood glucose control can

be extremely beneficial for people with diabetes.®!
CLASSIFICATION OF DIABETESMELLITUS

DM is classified on the basis of the pathogenic process that leads to
hyperglycemia, as opposed to earlier criteria such as age of onset or type of therapy.

The two broad categories of DM are designated as;’

Typel

Type 2

Both types of diabetes are preceded by a phase of abnorma glucose
homeostasis as the pathogenic processes progresses. Type 1 diabetes is the result of
complete or near-total insulin deficiency. Type 2 DM is a heterogeneous group of
disorders characterized by variable degrees of insulin resistance, impaired insulin
secretion, and increased glucose production. Distinct genetic and metabolic defectsin
insulin action and/or secretion give rise to the common phenotype of hyperglycemia
in type 2 DM and have important potential therapeutic implications now that
pharmacol ogic agents are available to target specific metabolic derangements. Type 2
DM is preceded by a period of abnormal glucose homeostasis classified as impaired

fasting glucose (IFG) or impaired glucose tolerance (IGT).

Page 10



Review Of Literature

Table 1. Spectrum of glucose homeostasis and diabetes mellitus’

Normal
Type of glucose
diabetes tolerance

(NGT)

glucose or

tolerance

Hyperglycemia
Diabetes mellitus

Insulin Insulin
Not insulin  required required
required for for

control survival

>

Typel

A

Type 2

\ 4

———>

A\ 4

Other Specific
types

v

A

Gestational
diabetes

v

Time (years)
FPG (mg/dl) <100

2-h plasma <140
glucose

(mg/dl)

> 126
=200

Etiologic classification of diabetes mellitus’

. Type 1 diabetes (b-cell destruction, usually leading to absolute insulin

deficiency)

A. Immune-mediated

B. ldiopathic

II. Type 2 diabetes (may range from predominantly insulin resistance with

relativeinsulin deficiency to a predominantly insulin secretory defect with

insulin resistance)
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[11.Other specific types of diabetes

A. Genetic defects of b-cell function characterized by mutationsin :

1.

0.

Hepatocyte nuclear transcription factor (HNF) 4a maturity onset
diabetes of young (MODY) 1

Glucokinase (MODY 2)

HNF - 1a (MODY 3)

Insulin promoter factor (IPF) 1 (MODY 4)

HNF - 1b (MODY 5)

Neuro D1 (MODY 6)

Mitochondrial deoxyribo nucleic acid (DNA)

Sub units of adenosine triphosphate (ATP) — sensitive potassium
channel.

Proinsulin or insulin conversion

B. Genetic defectsin insulin action.

1.

2.

3.

4.

Type A insulin resistance
L eprechaunism
Rabson-Mendenhall syndrome

Lipodystrophy syndromes.

C. Diseases of the exocrine pancreas — pancreatitis, pancreatectomy,

neoplasia, cystic fibrosis, hemochromatosis, fibrocal cul ouspancreatopathy.

D. Endocrinopathies — acromegaly, Cushing’s syndrome, glucagonoma,

pheochromocytoma, hyperthyroidism, somatostatinoma, al dosteronoma

E. Drug or chemical induced - Vacor, pentamidine, nicotinic acid,

glucocorticoids, thyroid hormone, diazoxide, beta-adrenergic agonists,
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thiazides, phenytoin, a— interferon, protease inhibitors, clozapine, beta
blockers.

F. Infections— congenital rubella, cytomegalovirus, coxsackie.

G. Uncommon forms of immune-mediated diabetes — “stiff-man” syndrome,
anti-insulin receptor antibodies.

H. Other genetic syndromes sometimes associated with diabetes — Down’s
syndrome, Klinefelter’s syndrome, Turner’s syndrome, Wolfram’s
syndrome, Friedreich’s ataxia, Huntington’s chorea, Laurence-Moon-Biedl
syndrome, myotonic dystrophy, porphyria, Prader-Willi syndrome.

V. Gestational diabetes mellitus (GDM)

EPIDEMIOLOGY

The worldwide prevalence of DM has risen dramaticaly over the past two
decades, from an estimated 30 million cases in 1985 to 177 million in 2000. Based on
current trends, more than 360 million individuals will have diabetes by the year 2030.
Although the prevalence of both type 1 and type 2 DM is increasing worldwide, the
prevalence of type 2 DM is rising much more rapidly because of increasing obesity
and reduced activity levels as countries become more industrialized. This is true in
most countries, and 6 of the top 10 countries with the highest rates are in Asia. The
prevalence of type 2 DM and its harbinger, IGT, is highest in certain Pacific islands,
intermediate in countries such as India and the United States, and relatively low in
Russia. This variability is likely due to genetic, behaviora, and environmental

factors.’

In India it is estimated that presently 19.4 million individuals are affected by

this deadly disease, which is likely to go up to 57.2 million by the year 2025.%
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The prevaence of diabetes is four to six fold lower in rura areas, which is
probably attributed to a conventional lifestyle which has beneficia effect on glucose
tolerance (IGT). National Urban Diabetes Survey done in six cities, found age
standardized prevaence rates of 12% for diabetes; with a slight male preponderance
and 14% for impaired glucose tolerance. Subjects under the age of 40 years, had a
prevalence of five percent for DM and 13% prevaence of impaired glucose

tolerance.®
DIAGNOSISOF DIABETES
Criteria for the Diagnosis of Diabetes Méllitus’

Symptoms of diabetes plus random blood glucose concentration more than or

equal to 11.1 mmol/L (200 mg/dL)%r
Fasting plasma glucose more than or equal to 7.0 mmol/L (126 mg/dL)’or

Two-hour plasma glucose more than or equal to 11.1 mmol/L (200 mg/dL)

during an oral glucose tolerance test®
®Random is defined as without regard to time since the last meal.
PFasting is defined as no caloric intake for at least 8 h.

“The test should be performed using a glucose load containing the equivalent of 75 g

anhydrous glucose dissolved in water; not recommended for routine clinical use.

In the absence of unequivocal hyperglycemia and acute metabolic
decompensation, these criteria should be confirmed by repeat testing on a different

day.
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Glucose toleranceis classified into three categories based on the FPG:

1. FPG lessthan 5.6 mmol/L (100 mg/dL) is considered normal;
2. FPG equal to 5.6-6.9 mmol/L (100-125 mg/dL) is defined as IFG; and
3. FPG more than or equal to 7.0 mmol/L (126 mg/dL) warrants the diagnosis of
DM.
Oral glucose tolerance test
The test uses the following procedures.
It first employs an FPG test.
A blood test is then taken two hours after drinking a 75 g anhydrous glucose
solution.
Based on the OGTT, IGT is defined as plasma glucose levels between 7.8 and
11.1 mmol/L (140 and 199 mg/dL). Diabetes is defined when plasma glucose is more

than 11.1 mmol/L (200 mg/dL), 2 h after a 75 g ora glucose load.

The current criteria, for the diagnosis of DM emphasize that the FPG is the
most reliable and convenient test for identifying DM, in asymptomatic individuals. A
random plasma glucose concentration more than or equa to 11.1 mmol/L (200
mg/dL) accompanied by classic symptoms of DM (polyuria, polydipsia, weight 10ss)

issufficient for the diagnosis of DM.

Hemoglobin A1C (HbA1c) was advocated as a diagnostic test for DM. There
is a strong correlation between elevations in the plasma glucose and the A1C, the
relationship between the FPG and the A1C in individuals with normal glucose
tolerance or mild glucose intolerance and thus the use of the A1C is currently

recommended to diagnose diabetes.’
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PATHOPHYSIOLOGY

Insulin biosynthesis

Insulin is produced in the beta cells of the pancreatic idets. It is initialy
synthesized as preproinsulin. Subsequent proteolytic processing removes the amino
termina signal peptide, giving rise to proinsulin. Cleavage of an internal 31-residue
fragment from proinsulin generates the C peptide and the A (21 amino acids) and B
(30 amino acids) chains of insulin, which are connected by disulfide bonds. The
mature insulin molecule and C peptide are stored together and co-secreted from

secretory granulesin the beta cdlls.

Voitage dependent
Ca?* channel Ca2t

e

K
ATP-sensitive
K* channel — 5[@3 Depolarization

Y

Incretins

Ca
‘1. © cAMP
ATP/ADP

Glucose-6-phosphate
t Glucokinase
Glucose

Nucleus / = Insulin
Secretory
granules

Figure 1. Diabetes and abnormalitiesin glucose-stimulated insulin secretion’
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Glucose and other nutrients regulate insulin secretion by the pancreatic beta
cell. Glucose is transported by the GLUT2 glucose transporter; subsequent glucose

metabolism by the beta cell altersion channel activity, leading to insulin secretion.

The SUR receptor is the binding site for drugs that act as insulin
secretagogues. Mutations in the events or proteins underlined are a cause of maturity

onset diabetes of the young (MODY) or other forms of diabetes.’
Secretion

Glucose is the key regulator of insulin secretion by the pancreatic beta cell,
although amino acids, ketones, various nutrients, gastrointestinal peptides, and
neurotransmitters also influence insulin secretion. Glucose levels > 3.9 mmol/L (70
mg/dL) stimulate insulin synthesis, primarily by enhancing protein translation and
processing. Glucose stimulation of insulin secretion begins with its transport into the
beta cell by the GLUT?2 glucose transporter. Glucose phosphorylation by glucokinase
is the rate-limiting step that controls glucose-regulated insulin secretion. Further
metabolism of glucose-6-phosphate via glycolysis generates ATP, which inhibits the
activity of an ATP-sensitive K* channel. This channel consists of two separate
proteins: one is the binding site for certain oral hypoglycemics (e.g., sulfonylureas,
megllitinides); the other is an inwardly rectifying K* channel protein. Inhibition of this
K* channel induces beta cell membrane depolarization, which opens voltage-
dependent calcium channels, and stimulates insulin secretion. Insulin secretory
profiles reveal a pulsatile pattern of hormone release, with small secretory bursts

occurring about every 10 min.’
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Figure 2. Insulin signal transduction pathway in skeletal muscle’

The insulin receptor has intrinsic tyrosine kinase activity and interacts with
insulin receptor substrates (IRS and Shc) proteins. A number of "docking” proteins
bind to these cellular proteins and initiate the metabolic actions of insulin [GrB-2,
SOS, SHP-2, p65, p110, and phosphatidylinositol-3'-kinase (PI-3-kinase)]. Insulin
increases glucose transport through PI-3-kinase and the Chl pathway, which promotes
the trang ocation of intracellular vesicles containing GLUT4 glucose transporter to the

plasma membrane.’
Action

Onceinsulin is secreted into the portal venous system, about 50% is degraded
by the liver. Unextracted insulin enters the systemic circulation where it binds to
receptors in target sites. Insulin binding to its receptor stimulates intrinsic tyrosine
kinase activity, leading to receptor autophosphorylation and the recruitment of
intracellular signaling molecules, such as insulin receptor substrates (IRS). IRS and

other adaptor proteins initiate a complex cascade of phosphorylation and
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dephosphorylation reactions, resulting in the widespread metabolic and mitogenic

effects of insulin.’

Glucose homeostasis reflects a balance between hepatic glucose production
and periphera glucose uptake and utilization. Insulin is the most important regulator
of this metabolic equilibrium, but neural input, metabolic signals, and other hormones
result in integrated control of glucose supply and utilization. In the fasting state, low
insulin levels increase glucose production by promoting hepatic gluconeogenesis and
glycogenolysis and reduce glucose uptake in insulin-sensitive tissues, thereby
promoting mobilization of stored precursors such as amino acids and free fatty acids.
Glucagon, secreted by pancreatic alpha cells when blood glucose or insulin levels are
low, stimulates glycogenolysis and gluconeogenesis by the liver and renal medulla.
Postprandially, the glucose load elicitsarisein insulin and fall in glucagon, leading to

areversal of these processes.’
Type 2 Diabetes mellitus

Insulin resistance and abnorma insulin secretion are central to the
development of type 2 DM. Although the primary defect is controversial, most studies
support the view that insulin resistance precedes an insulin secretory defect but that

diabetes devel ops only when insulin secretion becomes inadequate.’
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Figure 3. Metabolic changes during the development of type 2 diabetes mellitus’

Insulin secretion and insulin sensitivity are related, and as an individual
becomes more insulin resistant (by moving from point A to point B), insulin secretion
increases. A fallure to compensate by increasing the insulin secretion results initially

in impaired glucose tolerance (IGT; point C) and ultimately in type 2 DM (point D).’
Pathophysiology of type2 DM

Type 2 DM is characterized by impaired insulin secretion, insulin resistance,
excessive hepatic glucose production, and abnorma fat metabolism. Obesity,
particularly visceral or central, is very common in type 2 DM. In the early stages of
the disorder, glucose tolerance remains near normal, despite insulin resistance,
because the pancreatic beta cells compensate by increasing insulin output. As insulin
resistance and compensatory hyperinsulinemia progress, the pancreatic islets in
certain individuals are unable to sustain the hyperinsulinemic state. IGT, characterized
by elevations in postprandial glucose, then develops. A further decline in insulin
secretion and an increase in hepatic glucose production lead to overt diabetes with

fasting hyperglycemia. Ultimately, beta cell failure may ensue.’
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Complications of type 2 diabetes mellitus’
Acute
Diabetic Ketoacidosis
Hyperglycemic Hyperosmolar State
Chronic
Microvascular
o Eyedisease
= Retinopathy (nonproliferative/proliferative)
* Macular edema
o Neuropathy
= Sensory and motor (mono- and polyneuropathy)
= Autonomic
0 Nephropathy
Macrovascular
o Coronary artery disease
0 Periphera vascular disease
0 Cerebrovascular disease
Other
0 Gastrointestina
o Genitourinary
o Dermatologic
o Cataracts
0 Glaucoma
0 Infectious

0 Periodonta disease
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Chronic complications

The risk of chronic complications increases as a function of the duration of
hyperglycemia; they usually become apparent in the second decade of hyperglycemia.
Since type 2 DM often has a long asymptomatic period of hyperglycemia, many

individuals with type 2 DM have complications at the time of diagnosis.’

The microvascular complications of both type 1 and type 2 DM result from
chronic hyperglycemia. Large, randomized clinical trials of individuals with type 1 or
type 2 DM have conclusively demonstrated that a reduction in chronic hyperglycemia
prevents or delays retinopathy, neuropathy, and nephropathy. Other incompletely

defined factors may modulate the devel opment of complications.”

Evidence implicating a causative role for chronic hyperglycemia in the
development of macrovascular complications is less conclusive. However, coronary
heart disease events and mortality are two to four times greater in patients with type 2
DM. These events correlate with fasting and postprandia plasma glucose levels as
well as with the A1C. Other factors like dyslipidemia and hypertension also play

important roles in macrovascular complications.”

Obesity (including distribution of obesity and duration) Behavioral and lifestyle-

related risk factor for type 2 diabetes

Most patients with type 2 diabetes are obese, and the global epidemic of
obesity largely explains the dramatic increase in the incidence and prevalence of type
2 diabetes over the past 20 years. Currently, over a third (34%) of U.S. adults are
obese (defined as BMI >30 kg/m?), and over 11% of people aged =20 years have

diabetes,* a prevalence projected to increase to 21% by 2050.%° However, the precise
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mechanisms linking the two conditions remain unclear, as does our understanding of
interindividual differences. Improved understanding will help advance identification

and development of effective trestment options.*

Excess weight is an established risk factor for type 2 diabetes, yet most obese
individuals do not develop type 2 diabetes. Recent studies have identified “links”
between obesity and type 2 diabetes involving proinflammatory cytokines (tumor
necrosis factor and interleukin-6), insulin resistance, deranged fatty acid metabolism,
and cellular processes such as mitochondrial dysfunction and endoplasmic reticulum
stress. These interactions are complex, with the relative importance of each unclearly
defined. Further genetic studies may elucidate additional common pathophysiological
pathways for obesity and diabetes and identify promising new treatment targets. As
physicians frequently prescribe glucose-lowering medications associated with weight
gain, trade-offs between glycemic control and body weight with current therapeutic
options need more consideration. This issue is particularly pressing given
accumulating evidence that even modest weight reduction—whether through
lifestyle/behavioral interventions, obesity medications, or bariatric surgery—can

improve glycemic control and reduce diabetes risk.*

Theseintriguing, but still largely unexplored, connections between obesity and
type 2 diabetes suggested the timely need to convene a group of scientific expertsin
the fields to more closely examine underlying pathophysiology and treatment options
for patients with type 2 diabetes addressing issues of excess weight and glycemic
control simultaneously. Participants in the January 2011 conference (Supplementary
Data) were tasked with examining what is known about the relationship between

obesity and type 2 diabetes and the heterogeneity of these conditions, what needs to
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be learned, and how to direct future research in these areas to advance effective

interventions and improve patient care.*®
M echanisms of obesity-associated insulin resistance

The influence of obesity on type 2 diabetes risk is determined not only by the
degree of obesity but also by where fat accumulates. Increased upper body fat
including visceral adiposity, as reflected in increased abdominal girth or waist-to-hip
ratio, is associated with the metabolic syndrome, type 2 diabetes, and cardiovascular
disease,®” although underlying mechanisms remain uncertain. Whether subcutaneous
fat lacks the pathological effects of viscera fat or is simply a more neutral storage
location, for example, requires further study. Beyond differences in body fat
distribution, emerging evidence suggests that different subtypes of adipose tissue may
be functionally distinct and affect glucose homeostasis differentially. Adult humans
have limited and variable numbers of brown fat cells, which play a role in
thermogenesis and potentially influence energy expenditure and obesity susceptibility.
Improved understanding of the function of different fat cell types and depots and their
roles in metabolic homeostasisis a priority for investigation into the pathogenesis and
complications of obesity. Likewise, adipose tissue is composed of heterogeneous cell
types. Immune cells within adipose tissue also likely contribute to systemic metabolic
processes. As the study of adipose biology progresses, it will be important to consider
whether additional subtypes of adipocytes or other cell types can be identified to
refine our understanding of obesity complications and generate novel approaches to

prevention.®

At least three distinct mechanisms have been proposed to link obesity to

insulin resistance and predispose to type 2 diabetes: 1) increased production of
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adipokines/cytokines, including tumor necrosis factor-a, resistin, and retinol-binding
protein 4, that contribute to insulin resistance as well as reduced levels of adiponectin;
2) ectopic fat deposition, particularly in the liver and perhaps aso in skeletal muscle,
and the dysmetabolic sequelag; and 3) mitochondrial dysfunction, evident by
decreased mitochondrial mass and/or function. Mitochondrial dysfunction could be
one of many important underlying defects linking obesity to diabetes, both by

decreasing insulin sensitivity and by compromising p-cell function.*
Mechanisms of progressive 3-cell dysfunction in obeseindividuals

The link between obesity and hyperinsulinemia, first identified ~50 years

ago,® reflects compensation by insulin-secreting p-cells to systemic insulin

resistance. Although mechanisms underlying this coupling (e.g., mild hyperglycemia
and raised levels of circulating free fatty acids) remain elusive, obese normoglycemic
individuals have both increased [-cell mass and function. Obesity-induced glucose

intolerance reflects failure to mount one or more of these compensatory responses.®

Factors predisposing to 3-cell decompensation could also be primarily genetic
or epigenetic. A clear, mechanistic basis for this decompensation has remained
elusive. Genetic studies have helped identify the role of some key molecules in B-cell
biology that may be important in this regard. For example, recent rodent studies have
demonstrated diabetogenic effects of reduced pancreatic expression of the Pdxl
gene.*® While these animal studies have demonstrated that PDX1 deficiency relates
mechanistically to diabetes through B-cell apoptosis, and PDX1 deficiency islinked to
MODY4,* it is not clear yet that PDX1 deficiency has a role in common forms of

type 2 diabetesin humans.®
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This example illustrates how a growing understanding of genetics and cellular
function of the B-cell can identify potential mediators predisposing obese individuals
to type 2 diabetes and further may provide insights for the development of new

therapeutic agents.®
Genetic factorslinking obesity and diabetes

Genome-wide association scans (GWAS) and candidate gene approaches now
have identified ~40 genes associated with type 2 diabetes and a similar number, albeit

largely different, with obesity. Most type 2 diabetes genes appear to be related to -
cell dysfunction, with many fewer involved in pathways related to insulin resistance
independent of obesity. Not surprisingly, many obesity gene variants appear to be
involved in pathways affecting energy homeostasis. Although numerous diabetes- and
obesity-associated genes have been identified, the known genes are estimated to
predict only 15% of type 2 diabetes and 5% of obesity risk. Although additional genes
with important roles will undoubtedly be discovered, this low predictive power may
reflect the importance of environmental factors, less frequent genetic variants with
stronger effects, or gene-environment, gene-gene, and epigenetic interactions that are
not readily identified through methods based on population genetics. Methods for
detecting gene-gene interactions exist, but the population size needed to detect them is
substantially greater than is required for detection of single genes of relatively small
effect. Alternatively, pathway analyses or a systems biology approach combining
information from DNA variations with transcript, protein, and metabolite profiles may
better capture the genetic influences on metabolism than studying single genes. One
should also keep in mind that the missing heritability could be an illusion of inferring

additive genetic effects from epidemiological data.*®
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Does a shared pathogenesis underlie both obesity and type 2 diabetes?

Although the link between obesity and type 2 diabetes is widely held to
involve two discrete lesions—obesity-induced insulin resistance and (-cell failure—
both disorders may share an underlying defect. This “unified field theory” raises
guestions about whether defects favoring progressive weight gain and metabolic

impairment also contribute to -cell decompensation.

One potential link could be sustained cell exposure to nutrient concentrations
exceeding energy requirements. Deleterious cellular effects of nutrient excess can
include impaired inflammatory signaling, endoplasmic reticulum stress, excess
production of reactive oxygen species, mitochondria dysfunction, accumulation of
triglycerides and/or fatty acyl intermediates, and activation of serine-threonine
kinases. These responses are not mutually exclusive, and induction of one may trigger
another, leading to a cascade of damage. Obesity-associated cellular injury canin turn
recruit and activate macrophages and other immune cells that exacerbate tissue
inflammation. Collectively, these responses contribute to the pathogenesis of insulin
resistance in the liver, skeletal muscle, and adipose tissue, and some (e.g., acquired
mitochondrial dysfunction and inflammation) may occur in B-cells as well via
mechanisms discussed above. In susceptible individuals, therefore, obesity-induced
metabolic impairment can favor insulin resistance on the one hand and progressive -
cell dysfunction on the other. Reduced insulin secretion can in turn worsen the
nutrient excess problem by raising circulating concentrations of glucose, free fatty
acids, and other nutrients. In this way, a vicious cycle arises whereby obesity-induced
nutrient excess triggers inflammatory responses that cause insulin resistance, placing

a greater demand on the B-cell, and as [-cell function declines the cellular toll taken
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by nutrient excess increases. Since not all obese individuals develop hyperglycemia,
however, an underlying abnormality of the -cell must coexist with nutrient excess to

promote type 2 diabetes.*®

Brain neurocircuits governing energy homeostasis aso affect insulin
sensitivity in the liver and perhaps other peripheral tissues, and inflammation similar
to that induced by obesity in peripheral insulin-sensitive tissues also occurs in these
areas of the brain. If obesity is associated with impairment of neurocircuits regulating
both energy balance and insulin action, obesity-induced insulin resistance may arise
not only as a direct consequence of excessive adipose mass but via neurondl
mechanisms as well. Whether disturbed neurocircuits also contribute to deteriorating
B-cell dysfunction as obesity and its sequelae progress is an active area of

investigation.*

Adipose tissue is anatomicaly distributed in different proportions throughout
the human body, and the pattern of distribution is dependent upon many factors
including sex, age, race, ethnicity, genotype, diet, physical activity, hormone levels
and medication. The percentage of adipose tissue is higher in women, the elderly and

overweight individuals.*°

Body fat tissue is traditionally distributed into two main compartments with
different metabolic characteristics. subcutaneous adipose tissue (SAT) and visceral
adipose tissue (VAT). While both of these tissue types are important, particular
attention has been directed to viscera adiposity owing to its association with various

medical pathologies.*
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Although fat and adipose tissue are differentiated by distinct biochemical and
metabolic features, these terms will be used interchangeably for the purpose of this
review. Abdominal obesity, which is characterised as increased adipose tissue
surrounding the intra-abdominal organs, is also referred to as viscera or central
obesity. It has been distinctly linked to severa pathological conditions including
impaired glucose and lipid metabolism, insulin resistance, increased predisposition to
cancers of the colon, breast and prostate, and it is associated with prolonged hospital
stays, increased incidence of infections and non-infectious complications, and
increased mortality in hospital. Visceral obesity itself is an independent component of
metabolic syndrome and the magnitude of obesity directly relates to the prognosis of
this condition. VAT accumulation also determines a comprehensive cardiovascular
risk profile and increases the susceptibility to ischaemic heart disease and arterial
hypertension. As a hormonaly active tissue, VAT releases different bioactive
molecules and hormones, such as adiponectin, leptin, tumour necrosis factor, resistin
and interleutin 6 (IL-6). Among these hormones, adiponectin is of particular
significance owing to its protective antiangiogenic activity. Circulating adiponectin is
inversely correlated with the amount of VAT, while decreased concentrations of
adiponectin are associated with Type 2 diabetes, elevated glucose levels,
hypertension, cardiovascular disease and certain malignancies. Consequently, it may
be important to complement adiponectin measures with calculations of VAT to better
understand the pathogenesis of obesity-related disorders in the human population. As
visceral obesity is associated with poor prognosis, metabolic disturbances and degree
of pathology in severa chronic diseases, it is of great importance to identify methods
that quantify adipose tissue accurately and can specificaly depict VAT from total

adipose tissue.
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The necessity for precise and clinically expedient measures for quantifying
VAT is evident. However, it is aso essential to develop quantitative criteria for
defining visceral obesity relative to these metabolic disturbances. To date, these
criteria have not been clearly defined in any modality. Currently, techniques for
measuring visceral adiposity have ranged from simple, indirect methods of evaluation,
such as body mass index (BMI) (weight divided by height squared) to crudely predict
visceral adiposity through to CT imaging to provide a cross-sectional area of viscerdl
fat as an accurate and reliable equivalent to visceral fat volume measurement.
However, without precise measures of visceral obesity, an index of abdominal obesity

cannot be clearly characterised and defined.*

Thus, obesity has been reported to be associated with insulin resistance,
dydlipidemia, and hypertension, thus increasing the risk for cardiovascular disease
(CVD). Regarding body fat distribution, abdomina visceral fat has been more
strongly associated with cardiovascular risks than body mass index (BMI), waist
circumference, and abdominal subcutaneous fat. Therefore, evaluation and
management of visceral fat accumulation is important to reduce cardio-metabolic
burdens. Recently, we have reported that increased viscera fat with normal BMI is
associated with arterial stiffening in patients with type 2 diabetes. On the other hand,
there is evidence that subcutaneous fat has a beneficia role against cardio-metabolic
risks such as diabetes or dyslipidemia. These observations suggest the importance of
direct evaluation of visceral and subcutaneous fat accumulation for the management
of atherosclerosis; therefore it is possible that increased visceral fat with decreased

subcutaneous fat accumulation is positively associated with atherosclerosis.**
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Clinically expedient techniques for measuring visceral adiposity often lack

precision

Numerous techniques have been developed to assess visceral fat. The most
clinicaly expedient are those that can be performed quickly, provide instant results
and can be peformed by the bedside without extensive technical training.
Anthropometric measures as well as bioelectrical impedance analysis (BIA) are
designed to provide expedient, albeit crude, measures of body composition; however,
VAT isonly an indirect measure when using these approaches. Only CT and MRI can

provide direct measures of cross-sectional areas or volumetric measures of VAT.*

Techniques for measuring viscera adiposity vary in accessibility, specificity,
accuracy and the ability to quantitatively assess viscera fat. Where MRI and CT
images are available, these generate the most accurate, specific and comprehensive
data in comparison with all modalities discussed in this paper. The precision of CT
imaging for measuring visceral fat tissue provides a clinical venue for body
composition analysis, particularly the quantification of visceral fat. Owing to the costs
of both CT and MRI, retrospective analysis of images taken during routine clinical
care in a given disease population can be vauable for assessing changes in VAT
relative to other body composition features and relative to clinical and metabolic
parameters. However, prospective analysis using MRI is less feasible because it is
costly and relatively inaccessible in smaller clinical centres. Prospective analysis
using CT imaging is also relatively unfeasible owing to the radiation exposure

involved.*
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Anthropometric techniques
Body massindex

BMI is the most commonly used diagnostic tool for characterising generalised
obesity.* A BMI greater than 25 kg m™ is defined as overweight while a BM| over
30 kg m? is characterised as obese (World Health Organization]).*® Viscera fat
cross-sectional area, measured by CT imaging, correlated well (males: r=0.813;
females: r=0.825) with normal BMI ranges (18.5-24.9 kg m ). Despite the frequent
use of BMI, it cannot distinguish between lean and fat body mass and it certainly does

not appreciate differences between subcutaneous and visceral fat compartments.*

Body mass Index (BMI) is a traditional measure of obesity, and individuals
with values between 25 and 29.9 kg/m? are considered as being overweight while
those with values of 30 kg/m2 or higher as obese. According to WHO, aarming

increases in obesity are being observed in Asian countries, including India.*

Overweight, obesity, or weight gain has shown to be an important risk factor
for the development of type 2 diabetes. In a cohort study of 51,529 U.S. male health
professionals aged 40-75 years, a strong positive association between overall obesity
as measured by BMI and risk of incident diabetes was observed during the 5-year
follow-up.” In this study* men with a BMI of at least 35 kg/m2 had a multivariate
RR of 42.1, compared to men with a BMI of less than 23 kg/m2 (P<0.001). Fat
distribution, measured by WHR, was a good predictor of diabetes only among the top
5%, while WC was positively associated with the risk of diabetes among the top 20%

of the cohort.
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Recently, the Health Professionals Follow-Up Study of 27,270 American men
reported that both overall and abdomina adiposity strongly and independently

predicted the risk of type 2 diabetes, and WC was a better predictor than WHR.*

In a national cohort of 8,545 U.S. adults from the National Health and
Nutrition Examination Survey*’ Epidemiologic Follow-up Study, 5- < 8 kg, 11- < 20
kg and over 20 kg weight gains were associated with a 2.1-fold, 2.6-fold, and 3.9-fold
increased risk of incident diabetes during the 9-year follow-up, respectively,
compared with participants whose weights remained relatively stable. The authors
found no evidence that the results differed by age, sex, or race. They estimated that

the population attributated risk was 27% for weight increases of 5 kg or more.

Of an age- and sex-stratified random sample of 1,000 individuals aged 40-79
years, the Bruneck Study confirmed that BMI was a predictor of incident diabetes,
independently of other components of MetS such as IFG, IGT, insulin resistance,

hypertension, and dyslipidaemia.*®

Insulin resistance

In a prospective study of Pima Indians the 90th percentile of fasting insulin
level was associated with a 15.8-fold increased risk of incident diabetes compared

with the 10th percentile adjusted only for gender.*

Many studies have shown that hyperinsulinemia and/or insulin resistance are
related to various metabolic and physiological disorders including hypertension,
dydlipidemia, and non-insulin-dependent diabetes mellitus. This syndrome has been
termed Syndrome X. An important limitation of previous studies has been that they all

have been cross sectional, and thus the presence of insulin resistance could be a
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consequence of the underlying metabolic disorders rather than its cause. We examined
the relationship of fasting insulin concentration (as an indicator of insulin resistance)
to the incidence of multiple metabolic abnormalities in the 8-yr follow-up of the
cohort enrolled in the San Antonio Heart Study, a population-based study of diabetes
and cardiovascular disease in Mexican Americans and non-Hispanic whites. In
univariate analyses, fasting insulin was related to the incidence of the following
conditions.  hypertension, decreased high-density lipoprotein  cholesterol
concentration, increased triglyceride concentration, and non-insulin-dependent
diabetes mélitus. Hyperinsulinemia was not related to increased |ow-density
lipoprotein or total cholesterol concentration. In multivariate analyses, after
adjustment for obesity and body fat distribution, fasting insulin continued to be
significantly related to the incidence of decreased high-density lipoprotein cholesterol
and increased triglyceride concentrations and to the incidence of non-insulin-
dependent diabetes mellitus. Baseline insulin concentrations were higher in subjects
who subsequently developed multiple metabolic disorders. These results were not
attributable to differences in baseline obesity and were similar in Mexican Americans
and non-Hispanic whites. These results support the existence of a metabolic syndrome
and the relationship of that syndrome to multiple metabolic disorders by showing that
elevations of insulin concentration precede the development of numerous metabolic

disorders.>

The relationship between insulin sensitivity and overal obesity is well
established. Furthermore, visceral abdominal tissue (VAT) and subcutaneous
abdominal tissue (SAT), which were measured from computed tomography scans
performed at the L4/L5 vertebra region, and their joint interactions were each

inversely and significantly associated with 1SI, adjusting for age, sex, ethnicity, and
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BMI. SAT, but not VAT, was positively associated with acute insulin response (AIR).
Thus, fat distribution is an important determinant of both insulin resistance and

insulin secretion.™

The NHANES 11 (National Health and Nutrition Examination Survey Il)
study®® found obese women to be four times more likely to develop diastolic
hypertension than non-obese women.

In the Framingham population,® weight gain had a stronger relationship with
blood pressure in males than in females.

There appears to be a consensus that obesity is an important risk factor of type
2 diabetes.™

Waist-to-hip ratio (WHR)

Waist-to-hip ratio (WHR), waist circumference (WC) or sagittal abdominal
diameter (the height of the abdomen when the patient is in the supine position) are
additional measures used in clinical practice to derive estimates of fat distribution.™ It
is thought that WC represents visceral and subcutaneous fat while hip circumference
reflects subcutaneous fat only. With this in mind, it is not surprising that Ashwell et
a.* found a significant correlation between the WHR and the ratio of VAT-to-SAT
cross-sectional area (quantified by CT images taken in the abdominal region). In other
words, an elevated WHR ratio is associated with a high proportion of intra-abdominal
fat. Despite this association, Ashwell and his colleagues™ did not find a significant
correlation between VAT-to-SAT ratios and degree of generalised obesity, which may
be attributed to the imprecision of the WHR approach. However, arecent study found

WC to be the most reliable surrogate of viscera adiposity across awide agerangein a

population with a high incidence of the metabolic syndrome.>’
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In adult men and women, the proportion of the body representing intra-
abdominal fat was found to increase with age, whereas subcutaneous fat cross-
sectional areas had a tendency to increase with the degree of obesity but not with
age.® Interestingly, men are reported to have a significantly higher percentage of
VAT than women.>” From anthropometric measurements, BMI and WC have
demonstrated similar correlations to total, visceral and subcutaneous fat areas in all
age categories, whereas correlations between skin-fold measures and intra-abdominal
fat areas become weaker with increasing age.® Kvist et a.** examined several
relationships between total and visceral fat tissue volumes measured by CT and
compared these measurements against BMI and various diameters, circumferences
and subcutaneous fat thicknesses of the trunk. They found BMI to be the single
superior predictor for total adipose tissue volume with errors of up to 11%. For the
prediction of VAT volume, simple equations based entirely on the diameter of the
trunk at the third to fifth lumbar vertebrae resulted in up to a 21% variation in both

SEXES.

Kullberg et a.* found a strong correlation between anthropometric
measurements and, in particular, abdominal diameters and VAT assessed with MRI;
however, since these measures are usually performed in standing position and MRI
images are obtained in a supine position, there are challenges when comparing the
two measures. Although anthropometric measurements, such as WHR and sagittal
abdominal diameter, are simple and quick indicators of visceral fat accumulation,

these indices were fundamentally inaccurate in predicting VAT.*

International criteria for body mass index (BMI) suggest the following:

Underweight (<18.5 kg/m?), norma weight (18.5-24.9 kg/m?), overweight (25-29.9

Page 36



Review Of Literature

kg/m?), and obesity (>30 kg/m?).%° But the revised guidelines for diagnosis of obesity
in Asian Indian populations are: A normal BMI of 18.0-22.9 kg/m? an overweight
BMI of 23.0-24.9 kg/m?, and obesity of BM| greater than or equal to 25 kg/m® The
healthy waist circumference (WC) limits are 90 cm for men and 80 cm for women.®*
Diabetes and its complications pose a magjor public health concern worldwide and are
a mgor challenge to patients, health-care systems, and national economies. Usually,
BMI has been used as a measure to diagnose obesity. Other types of anthropometric
measures like WC, waist to hip ratio (W/H), and index of central obesity (ICO) have
all been associated with increased body fat and have predicted the distribution of body
fat.%

Shah A. et d.%% in 2009 to find out WHR and WC as predictor of Type 2 DM
in the population of Kavre district of Nepal studied 65 "known type 2 diabetic" and
Thirty-five "self-reported non-diabetic® subjects above thirty years of age were
included in the present study. Height, Weight, Waist Circumference and Hip
Circumference were recorded for every subject. BMI and WHR were calculated by
the standard formula. The data was analyzed using SPSS Evaluation Version 15.0 and
STATA Specia Edition Version 8.2. Our results showed that the optimal cut-off
values for WHR, WC. BMI and agein female are 0.87, 0.85 cms, 21.40 kg/m2 and 40
years respectively and for male the respective values are 0.96, 0.87 cms, 23.63 kg/m2
and 44 years. In female, age (82.9%) is the strongest predictor followed by WHR
(78.1%), WC (70.2%) and least for BM1 (55.0%) whereas for male WC (87.0%) isthe
strongest followed by WHR (81.6%), BMI (68.5%) and least: for age (6.4.6%) using
Receiver Operating Characteristic (ROC) curves. Optimum sensitivity and specificity
obtained from the ROC curves corresponded to these cutoff values and area under

curve for their predictive ability. This study showed that the WC and WHR are the

Page 37



Review Of Literature

best predictors of type 2 DM in both male and female population of Kavre district.

Qiao Q and Nyamdorj R.** reviewed 17 prospective and 35 cross-sectional
studies among adults aged 18-74 years, with the aim of comparing between body
mass index (BMI), waist circumference (WC) and waist-to-hip ratio (WHR) in their
relation to the incidence and prevalence of type Il diabetes. Among these studies, only
a few have used C-dtatistic, paired homogeneity test or log-likelihood ratio test for
formally comparing the differences. Five prospective studies, in which formal statistic
tests have been made, came out with inconsistent findings: two results were in favour
of WC in Mexicans African Americanss, respectively, one result was in favour of
BMI in Pima Indians, and no difference was found in the other 2 studies. Among the
11 cross-sectional studies that have formally tested the differences, most found a
higher odds ratio or dightly larger area under the ROC curve (AUC) for WC than for
BMI. A meta-analysis based on the individual data of the Asian cohorts using a paired
homogeneity test showed, however, that there was no difference in odds ratio between
BMI and WC in Chinese, Japanese, Indian, Mongolian and Filipino men. In
conclusion, all studies included in this review showed that either BMI or WC (WHR)
predicted or was associated with type Il diabetes independently, regardless of the

controversial findings on which of these obesity indicatorsis better.
Neck circumference

Visceral adipose tissue (VAT) is recognized as a unique, pathogenic fat depot,
conferring metabolic risk above and beyond standard anthropometric measures, such

as body mass index (BM1) and waist circumference.®®
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Individuals with large amounts of visceral fat are at increased risk of insulin
resistance, type 2 diabetes, and atherosclerosis. However, VAT accounts for only
modest correlations between cardiometabolic risk factors, suggesting that other
mechanisms, or other fat depots, may aso contribute to the development of

cardiovascular disease (CVD) risk factors.*®

Upper body SC fat, as estimated by neck circumference, may confer risk
above and beyond visceral abdominal fat. Anatomically, upper-body SC fat is a
unigue fat depot located in a separate compartment compared with VAT. Systemic
free fatty acid concentrations are primarily determined by upper-body SC fat,
suggesting that this fat depot may play an important role in risk factor pathogenesis.
Elevated free fatty acid concentrations have been associated with insulin resistance,
increased very-low-density lipoprotein cholesterol production, and endothelia cell

dysfunction.®®

Recent research has focused extensively on body composition and CVD risk.
Emphasis has been placed on whether an individua has an upper-body or lower-body
fat distribution or what proportion of fat is stored in viscera vs. SC fat depots.
Typicaly, centra obesity, particularly high levels of upper-body viscera fat, is
associated with adverse metabolic outcomes such as insulin resistance, diabetes,
hypertension, and elevated triglycerides, whereas individuals with lower-body obesity

tend to have lower levels of these adverse metabolic outcomes.®’

Upper-body SC fat is a novel, easily measured fat depot, which may be an
important predictor of cardiometabolic risk. This fat depot may lead to a better

understanding of the differential effects of adiposity in men and women.
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Different body morphologies or types of fat distribution are related to the
health risks associated with obesity. This was first shown by Jean Vague who himself
used aneck skin fold in hisindex of masculine differentiation to assess upper-body fat
distribution.®® Neck circumference (NC), a measure of upper body obesity has been
proposed as a useful indicator in different studies in the past.®*™ These studies have
shown that men with NC < 37 cm and women with NC < 34 cm have a low body

mass index.”

NC measurement potentially has distinct cultural advantages. Due to cultural
inhibitions measurement of hip, thigh or waist circumference is cumbersome in
females. The specific research questions for this study are that among in-patients in
medical wards, aged 35 years or more a) does a higher neck circumference also
reflects a higher BMI or waist circumference; b) do those who are in highest tertile of
neck circumference, as compared to those with in lowest tertile, have a higher

prevalence of cardiovascular risk factors like hypertension and diabetes.**

Some studies™®™ have indicated that neck circumference may be an
independent correlate of metabolic risk factors above and beyond BMI and waist
circumference. In addition, a small study of men demonstrated that higher levels of
upper-body SC fat, as measured by magnetic resonance imaging, were associated with
higher LDL and HDL cholesterol levels. However, studies examining the joint impact

of neck circumference and VAT have not as yet been reported.®

Several previous studies have examined the association between neck
circumference and cardiometabolic risk factors. However, none of these previous
studies have compared neck circumference directly with VAT with respect to their

association with cardiometabolic risk factors.®
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In a first cross sectional study™ in 2001 which was done to identify
overweight or obese patients solely by measuring the circumference of the neck, it
was seen that Men with NC <37 cm and women with NC <34 c¢cm are not to be
considered overweight. In this study they used a test sample and a second validation
sample included 979 subjects (460 men and 519 women), who visited a family
medicine clinic in a southern Isragli urban district for any reason. They observed that
NC >37 cm for men and >34 cm for women were the best cutoff levels for
determining the subjects with BMI >25.0 kg/m2 using the receiver output curve
anaysis. In the validation unrelated group, the test characteristics were excellent with
98% sensitivity, 89% specificity, and 94% accuracy for men, and 100% sensitivity,
98% specificity, and 99% accuracy for women. In this study they also observed same
characteristics as NC 38 cm for men and 34.7 cm for women identified subjects with
BMI >25.0 kg/m2 with 75% to 86% sensitivity for men and 63% to 93% for women,

80% to 90% specificity for men and 80% to 100% for women.

The author® once again in 2004 observed relationship between changes in
neck circumference and changes in blood pressure. In this longitudinal cohort study
the study group was comprised of 364 subjects (155 men and 209 women) with no
known major medical conditions who were not receiving any medication therapy.
They found that changes in systolic BP and diastolic BP correlated positively with

changesin NC and other components of the metabolic syndrome.

In a cross-sectiona study of 43,595 women participating in the Take Off
Pounds Sensibly (TOPS) Club, those with a self-reported neck circumference in the
top tertile were found to have a 2-fold increased risk of diabetes relative to those in

the bottom tertile, even after adjustment for multiple other measures of adiposity.”
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In a cross-sectiona analysis of 541 Finnish individuals, neck circumference in
the highest quintile was associated with nearly a 5-fold increased risk of impaired
fasting glucose in women after adjustment for BMI.”* No association was seen for

men.

Additionally, neck circumference was associated with approximately a 3-fold
increased OR of hypertension, after adjustment for BMI, in both men and women.
Although neck circumference is a proxy measure for upper-body SC fat, only one

study has examined the association of upper-body SC fat as measured by MRI.%

Among 258 men from the control group of the Fat Redistribution and
Metabolic Change in HIV Infection study, upper-body SC fat was shown to be

independently associated with insulin resistance even after adjustment for VAT.”

Additional analyses of 145 control participants from the Fat Redistribution and
Metabolic study showed that increased levels of upper-body SC fat were positively
associated with LDL cholesterol and inversely associated with HDL cholesterol

levels, after adjustment for demographic and lifestyle factors.”™

One interesting finding from a study was a greater association of neck
circumference with cardiometabolic risk factors in women compared with men. This

differential effect of neck circumference by sex has previously been observed.”

Previous analyses in the Framingham Heart Study have also shown that fat
depots, especidly VAT, are more strongly associated with an adverse risk factor
profile in women compared with men.®

The mechanisms by which there is a stronger adverse effect associated with

increased body fat in women are unknown. However, it has been suggested that in
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women, there is a greater proportion of free fatty acid delivery to the liver from VAT

than in men.®®

Obesity and elevated levels of plasma free fatty acids are associated with
insulin resistance and increased very-low-density lipoprotein triglyceride production.
Increased levels of free fatty acids have aso been correlated with markers of
oxidative stress and vascular injury and are associated with the development of
hypertension. Much of the literature has focused on the adverse effects of viscera fat;
however, whereas viscera fat may be a marker for excess free fatty acids, it is not the
primary source of circulating levels. It has been demonstrated that upper-body SC fat
is responsible for a much larger proportion of systemic free fatty acid release than

visceral fat, particularly in obese individuals.®®

Obese men and women have a 2- to 3-fold larger fraction of fatty acids stored
in SC fat compared with normal-weight men and women.®® The excess free fatty acid
release associated with upper-body SC fat may be one mechanism to explain the
association between neck circumference and cardiometabolic risk. Although free fatty
acid release from upper-body SC fat is the primary contributor of abnormal free fatty
acid metabolism in obese individuas, lipolysis of VAT is aso an important
contributor to hepatic free fatty acid delivery, which may explain why there is an

interaction between neck circumference and VAT.®

Differences in free fatty acid metabolism between men and women may
explain the sex differences observed in the relationship between neck circumference
and cardiometabolic risk factors. It has been shown that women store a much larger

proportion of free fatty acidsin SC tissue than do men.®®
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This difference in free fatty acid storage between men and women may
account for the stronger association found between neck circumference and

cardiometabolic risk factors among women.®

A study™ from India hypothesized that NC (primary outcome measure) could
be a predictor of obesity and overweight in rural Indian population and that higher
tertile of neck circumference may be associated with higher prevalence of
cardiovascular risk factors like hypertension and diabetes (secondary outcome
measure). After adjustment for age, weight and height, significant association was
found between NC and conventiona overweight and obesity indexes. Authors also
found that higher tertile of NC correlated positively with the presence of
cardiovascular risk factors like hypertension and diabetes. A study concluded that, NC
may be used as a ssmple and time-saving screening measure to identify overweight
and obese patients. Men with NC <36.6 cm and women with NC <32.1 cm are not to
be considered overweight. Patients with NC >36.6 cm for men and >32.1 cm for

women require additional evaluation of overweight or obesity status.

In a study™ from India significant negative correlation was found between NC
and height among women, but not in men. This finding can be explained by
differences in bodily structures between men and women especialy in rura area of
India. It seems, therefore, that with an increase in NC, the likelihood of risk factors

for cardiovascular disease a so increases.

These observations indicate that NC as an index of upper body fat distribution
can be used to identify overweight and obese patients. Results of these studies,
performed by various set of investigators, have not been externaly validated. In India

study of neck circumference as a measure of obesity and metabolic syndrome has not
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been done. NC measurement potentially has distinct cultural advantages. Due to
cultural inhibitions measurement of hip, thigh or waist circumference is cumbersome
in females. In contrast measurement of NC is asimple, time saving, and least invasive

measurement tool.

Neck circumference (NC) is a relatively new method of differentiating
between norma and abnormal fat distribution. It is a marker of upper body
subcutaneous (SC) adipose tissue distribution. Adipose tissue is found in specific
locations, which are referred to as adipose depots. Adipose tissue contains several cell
types, with the highest percentage of cells being adipocytes, which contain fat
droplets. Upper body obesity characterized by upper body SC fat is related to
metabolic disorders like glucose intolerance, diabetes, hypertriglycerdemia, etc., Free
fatty acid release from this upper body SC fat was reported to be larger than that from
lower body SC fat.”” As a result of insulin resistance in adipose tissue, lipolysis and
free fatty acid flux from adipocytes are increased, leading to increased lipid [very low
density lipoprotein (VLDL) and triglyceride] synthesis in hepatocytes. This lipid
storage or steatosis in the liver may lead to nonalcoholic fatty liver disease and
abnormal liver function tests. This is also responsible for the dyslipidemia found in
type 2 DM.” It has been shown that NC >37 cm in men and NC >34 cm in women are

probably the best cutoff points to determine subjects with central obesity.™

More recently Ashwathappa J et al.%? in 2013 compared NC in diabetics and
non-diabetics and to correlate NC with other anthropometric measure in a A cross-
sectional study among 350 type 2 diabetics and 350 non-diabetics of >30 years of age.
Anthropometric parameters like body mass index (BMI), waist circumference (WC),

hip circumference, and NC were measured. There was positive correlation of NC,
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BMI, and index of central obesity. The NC in diabetics was significantly higher than
in non-diabetics (P < 0.001). NC >36 cm in diabetics and >37 cm in non-diabetics
was the best cutoff value to determine subjects with central obesity. These findings
indicated that NC may be used both in clinical practice and in epidemiologic studies
as a straightforward and reliable index. It is an economical easy to use test with less
consumption of time and correlates well with other standard anthropometric

parameters.

Li HX et a.” in 2014 investigated the usefulness of neck circumference (NC)
to indicate Viscera adipose tissue (VAT). Participants aged 35 to 75 years who had
taken abdomen and neck computer tomography (CT) examination were included in
this study. Neck adipose tissue, abdominal VAT and subcutaneous adipose tissue
(SAT) areas, as well as sagittal abdominal diameter (SAD) were measured by CT.
Body anthropometrics and metabolic parameters including blood glucose, lipid
profiles and blood pressure were also measured. A lower abdomen CT examination
was carried out on atotal of 177 patients (87 male and 90 female) with a mean age of
59 years. Of the 177 participants, 15 men and 15 women aso took a neck CT
examination. With a comparable age and BMI, neck adipose area was correlated with
abdominal VAT area significantly in men (r=0.57, p=0.028) and women (r =0.53,
p=0.041). NC is positively correlated with VAT both in men (r =0.49, p <0.001) and
women (r=0.25, p=0.012). Meanwhile, SAD is the best predictor for visceral fat
both in men (r=0.83, p<0.001) and women (r=0.73, p<0.001). Body mass index
(BMI), waist circumference (WC), and waist to height ratio (WHtR) correlated
significantly with VAT both in men and women (r=0.68, 0.42, 0.46 in men and 0.50,
0.23, 0.39 in women, p<0.001), while waist hip ratio (WHR) displayed the weakest

least correlation in men (r=0.32, p=0.001) and no correlation in women (r=0.08,
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p=0.442). Additionally, BMI was more strongly correlated with VAT than NC in
both sexes (both p<0.01). Authors concluded that Significant correlation between
NC and VAT was present in Chinese men and women, which may be accounted by
the fact that neck fat areais significantly correlated with abdomina VAT. Meanwhile,

SAD isthe best predictor for visceral fat in the Chinese population.

Yang GR et a.” in 2010 investigated the association between neck
circumference and central obesity, overweight, and metabolic syndrome in Chinese
individuals with type 2 diabetes. A total of 3,182 diabetic subjects (aged 20-80 years)
were recruited from 15 community health centers in Bejing using a multistage
random sampling approach. Receiver operating characteristic analysis showed that the
area under the curve for neck circumference and central obesity was 0.77 for men and
0.75 for women (P < 0.001). Furthermore, a neck circumference of =38 cm for men
and =35 cm for women was the best cutoff point for determining overweight subjects.
A neck circumference of 239 cm for men and =35 cm for women was the best cutoff
point to determine subjects with metabolic syndrome. It was observed that, neck
circumference is positively related with BMI, waist circumference, and metabolic

syndrome in Chinese individuals with type 2 diabetes.

Freedman DS and Rimm AA® reported that, independently of the amount of
adipose tissue, certain patterns of fat distribution increase the risk of non-insulin-
dependent diabetes. Although the ratio of waist to hip (WHR) circumferences has
been consistently related to diabetes mellitus, it is possible that only two measures do
not completely characterize fat topography. Earlier in their study during 1989 authors,
examined the cross-sectiona relation of six girths (waist, hip, neck, bust, wrist, and

ankle) to diabetes mellitus in 43,595 women. As compared with non-diabetics,
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Quetelet index (kg/m2) and all circumferences were elevated among diabetics.
Stratified analyses showed that WHR, and waist, neck, and bust girths were
consistently related to diabetes independently of the degree of overweight. As
estimated from a logistic regression model that simultaneously controlled for age and
al anthropometric variables, the prevalence of diabetes mellitus was positively related
to Quetelet index, and to the waist, bust, and neck girths, with odds ratios (ORs)
ranging from 1.4 to 2.6. However, diabetes was inversely related to hip (OR = 0.61)
and ankle (OR = 0.73) girths; p less than 0.005 for each association. Although cross-
sectiona in nature, these results suggest that an adverse body fat distribution is not
limited to the abdominal region, but that a relative preponderance of adipose tissue in

various regions of the upper body is associated with diabetes mellitus in women.
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METHODOLOGY

The present study was conducted in the Department of Medicine, KLES Dr.
Prabhakar Kore Hospital and Medical Research Centre, Belgaum from January 2015

to December 2016.

Study design and duration

The study design was a hospital based cross-sectional study.

Study period

The present study was done for the period of one year from January 2015 to

December 2015.

Place

The present study was carried out in the Department of Medicine, KLES Dr.
Prabhakar Kore Hospital and Medical Research Centre, Belgaum a tertiary care

teaching hospital attached to Jawaharlal Nehru Medical College, Belgaum.

Sour ce of Data

Patients presenting with type 2 diabetes mellitus in the Department of General

Medicine, KLES Dr Prabhakar Kore Hospital and MRC, Belgaum were studied

Sample size

A total of 100 patients with type 2 diabetes mellitus were studied.
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Sampling procedure
The sample size was cal culated using the following formula as below.
Sample Size Y = atbyx;+ooxo+--------- brXn
Where,
Y = Dependent variable
a= Constant
b = regression co-efficients
X = independent variables
Hence the sample size of 100 was considered for this study.

Sample M ethod

All consecutive patients fulfilling the selection criteria were included in the

study.

Selection criteria
Inclusion Criteria
Patients aged 18 and above.
Patients with type 2 diabetes mellitus.
Exclusion Criteria
Known case of type 1 diabetes mellitus.
Diagnosed case of thyroid disease.
History of using corticosteroids.
Current treatment with statins and glucocorticoids.
Cushing’s syndrome or other disorders of pituitary or adrenal glands.

Substantial weight gain/ loss
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Ethical clearance

The study was approved by the Institutional Ethics Committee, Jawaharlal

Nehru Medical College, Belgaum prior to the commencement.

Informed consent

The patients who fulfilled the selection criteria were informed about the nature

of study and awritten informed consent was obtained (Annexure-I).

Data collection

The selected patients were interviewed for demographic data, the history of
presenting illness and other comorbid conditions. Further these patients underwent
clinical examination followed by systemic examination. All these findings were noted

on apredesigned and pretested proforma (Annexure-11).

I nvestigations

Venous blood samples (10ml) were collected from the selected patients and

were subjected following investigations.

Fasting blood sugar (FBS).

Post prandial blood sugar (PPBYS).

Glycosylated haemoglobin (HbA 1c)

Lipid profile

Serum insulin levels
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Outcomevariables

BODY MASS INDEX

For the calculation of body mass index, height was obtained in cms using
standard protocols. Body weight was measured using standardized equipment to the
nearest 100 g. and height was measured by stadiometer. Body mass index was

caculated based on formula;

Weight (KQ)

Body Mass Index =
Height? (m)
Body mass index was classified according to Overweight and obesity by BMI

in adult Asians as below.®!

Classification BMI (Kg/m?) Risk of co-morbidities

Underweight <185 Low (But increased risk of

other clinical problems

Normal range 18.5t022.9 Average
Overweight >23
At risk 23.0t024.9 Increased
Obese | 25.0t029.9 Moderate
Obese 1 >30.0 Severe
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WAIST CIRCUMFERENCE

The waist circumference was measured using a standard measuring tape in
cms. Waist circumference of > 85 cms in males and > 80 cms in females was

considered abnormal.

WAIST-TO-HIP RATIO

The WHR was calculated as;

Waist circumference (Cms)

WHR =
Maximum hip circumference (Cms)

Waist hip ratio of lessthan 0.9 in males and 0.85 in females was considered as

normal .

NECK CIRCUMFERENCE

Neck circumference was measured to the nearest 0.1 centimeter just below the
laryngeal prominence (Adam’s apple) perpendicular to the long axis of neck in both
sexes with the subjects standing upright, with shoulders relaxed using flexible
measuring tapes. Neck circumference of = 37 cms in males and = 34 cms in females

was considered abnormal.”

INTER-SCAPULAR SKIN THICKNESS

Inter-scapular skin thickness is measured at the level of inferior angle of the
scapula using the harpenden calipers to the nearest cm possible. Inter-scapular skin

thickness of = 2.2 cms is considered abnormal in both males and females.
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LIPID PROFILE

Based on NCEP (Nationa Cholesterol Education Program) guidelines®

normal values of lipid parameters were;

Low density lipoprotein < 100 mg/dL.

High density lipoprotein;

= Femae> 50 mg/dL.

= Maes>40mg/dL.

Total Cholesterol <200 mg/dL.

Triglycerides < 150 mg/dL.

HOMA IR

Fasting blood sample was drawn for measuring plasma insulin levels and
insulin levels were measured by microparticle enzyme immune assay (MEIA)

method. Insulin resistance was calculated by HOMA;

Fasting Insulin yU/L X Fasting plasma glucose mmol/L

22.5

Subjects aso underwent other investigations like fasting lipid profile.

Patients were considered as insulin resistant if HOMA IR was more than

2418
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Statistical methods

The data obtained was coded and entered into Microsoft excel spreadsheet and
data was analyzed using SPSS version 21. The categorical data was expressed in
terms of rates, ratios and percentages and the continuous data was expressed in terms
of mean = standard deviation. Continuous data was compared using independent
sample ‘t’ test. Correlation between blood glucose levels, HOMA IR and Neck
circumference was tested with Pearson’s correlation coefficient. At 95% confidence

interval, a probability (p) value of < 0.050 was considered as statistically significant.
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RESULTS

The present hospital based cross-sectional study was conducted in the
Department of Medicine, KLES Dr. Prabhakar Kore Hospital and Medical Research
Centre, Belgaum from January 2016 to December 2016. A total of 100 Patients
presenting with type 2 diabetes mellitus were studied. The data obtained was anal yzed

and the final observations were tabul ated as below.
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Table 1. Distribution of study population according to the sex

Distribution (n=100)

Sex
Number Per centage
Male 68 68.00
Femae 32 32.00
Total 100 100.00

OMale OFemale

Graph 1. Distribution of study population according
to the sex

68.00%

In the present study 68.00%, majority of patients were males and 32% of the

patients were females. The male female ratio was 2.12:1.
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Table 2. Distribution of study population according to the age

Agegroup (Years) Distribution (n=100)
Number Per centage

31to40 4 4.00

41 to 50 14 14.00
51to 60 41 41.00
61to/0 27 27.00
711080 14 14.00
Total 100 100.00

Mean £ SD 58.98 + 9.86 years
Median (Range) 57.5 (31-80)

Graph 2. Distribution of study population according

to the sex
50% -
41.00%
40%

30% 27.00%

20%
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10%
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-

0%

31to 40 41 to 50 51 to 60 61to 70 71to 80

Age group (Years)

In this study most of the patients (41%) were aged between 51 to 60 years

followed by 61 to 70 years (27%). The mean age was 58.98 + 9.86 years and

age was 57.5 years with range 31 being minimum and 80 being maximum.

median
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Table 3. Distribution of study population according to the body massindex

Distribution (n=100)
Body massindex

Number Per centage
Underweight (<18.5) 0 0.00
Normal (18.5 -22.99) 2 2.00
At risk (23.00-24.99) 15 15.00
Overweight (25.00-29.99) 63 63.00
Obese (=30) 20 20.00
Total 100 100.00
Mean £ SD 28.34 + 7.28 years
Median (Range) 27.15 (21.8-37.17)

Graph 3. Distribution of study population according
to the body mass index
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Obese (=30)

Underweight (<18.5)
Normal (18.5 - 22.99)
At risk (23.00 - 24.99)

Overweight (25.00 - 29.99)

Body mass index

In the present study most of the patients i.e.,, 63% were overweight (25.00-
29.99 kg/m?) while 20% of the patients were obese (=30 Kg/m?). The mean BMI was
28.34+7.28 Kg/m® and median BMI was 27.15 Kg/m? with range 21.8 Kg/m? being

minimum to 37.2 Kg/m? maximum.
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Table 4. Distribution of study population according to the duration of diabetes

Distribution (n=100)
Duration (Years)

Number Per centage
3orless 17 17.00
4t06 38 38.00
7to 10 35 35.00
>10 10 10.00
Total 100 100.00
Mean + SD 6.50 + 3.23
Median (Range) 6 (1-16)

Graph 4. Distribution of study population according
to the duration of diabetes
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In this study 38% of the patients were reported duration of diabetes between 4
to 6 years. The mean duration of diabetes was 6.50 + 3.23 years and median duration

was 6 years with range 1 year being minimum and 16 years being maximum.
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Table 5. Distribution of study population accordingto thewaist hip ratio

Distribution (n=100)
Waist circumference
Number  Percentage

Normal (<0.9 mae; <0.8 Females) 4 4.00
Abnormal (>0.9 male; >0.8 Females) 96 96.00
Total 100 100.00
Mean + SD 1.21+0.17
Median (Range) 1.2 (0.87-1.65)

Graph 5. Distribution of study population according
to the waist hip ratio

4.00%

96.00%

ONormal (<0.9 male; <0.8 Females) OAbnormal (>0.9 male; >0.8 Females)

In the present study majority of the patients (96%) had abnorma waist hip
ratio. The mean WHR was 1.21 + 0.17 and median WHR was 1.2 with range 0.87

being minimum and 1.65 being maximum.
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Table6. Distribution of study population according to the waist circumference

Distribution (n=100)
Waist circumference
Number  Percentage

Normal (<85 male; <80 Females) 97 97.00
Abnormal (>85 male; >80 Females) 3 3.00
Total 100 100.00
Mean + SD 96.90+7.77
Median (Range) 98 (80-112)

Graph 6. Distribution of study population according
to the waist circumference

3.00%

97.00%

ONormal (<85 male; <80 Females) OAbnormal (>85 male; >80 Females)

In this study 97% of the patients had abnormal waist circumference. The mean
waist circumference was 96.90+7.77 cms and median waist circumference was 98

cms with 80 cms being minimum and 112 cms being maximum.

Page 62



Results

Table7. Distribution of study population according to the fasting blood sugar

Distribution (n=100)
Fasting blood sugar (mg/dL)

Number Per centage
<100 7 7.00
100 to 125 24 24.00
126 or more 69 69.00
Total 100 100.00
Mean + SD 163.67+70.87
Median (Range) 148 (82-536)

Graph 7. Distribution of study population according
to the fasting blood sugar
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In the present study majority of the patients (69%) had elevated fasting blood
sugar levels (2126 mg/dL). The mean FBS levels were 163.67+70.87 mg/dL and
median FBS levels were 148 mg/dL with 82 mg/dL being minimum and 536 mg/dL

being maximum.
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Table 8. Distribution of study population according to the post prandial blood

sugar
Distribution (n=100)
Post prandial blood sugar (mg/dL)
Number  Percentage
<140 7 7.00
140 to 199 27 27.00
200 or more 66 66.00
Total 100 100.00
Mean + SD 243.16 £ 87.75
Median (Range) 227 (101-625)
Graph 8. Distribution of study population according
to the prandial blood sugar
7.00%
‘?7\\ .00%
66.00%
O< 140 0O140to 199 O200 or more

In this study majority of the patients (66%) had elevated post prandia blood
sugar levels (=200 mg/dL). The mean PPBS levels were 243.16+87.75 mg/dL and
median PPBS levels were 227 mg/dL with 101 mg/dL being minimum and 625

mg/dL being maximum.
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Table9. Distribution of study population according to the Glycosylated

haemoglobin

Distribution (n=100)
Glycosylated haemoglobin

Number Per centage
Optimal (<5.5) 0 0.00
Prediabetes (5.6-6.5) 4 4.00
Good control (6.6-7.0) 17 17.00
Moderate control (7.0-8.5) 40 40.00
Poor control (> 8.5) 39 39.00
Total 100 100.00
Mean + SD 8.72+ 2.08
Median (Range) 8.2 (6.1-15.4)

Graph 9. Distribution of study population according
to the Glycosylated haemoglobin
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Glycosylated haemoglobin

In the present study 40% of the patients had HbA 1c levels between7.0-8.5 and
39% of the patients had HbA1c levels of > 8.5. The mean HbA1c levels were 8.72 +
2.08 and median HbA1c levels were 8.2 with 6.1 being minimum and 15.4 being

maximum.
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Table 10. Distribution of study population according to thetotal cholesterol

Distribution (n=100)
Total cholesterol (mg/dL)

Number Per centage
0to 200 83 83.00
> 200 17 17.00
Total 100 100.00
Mean + SD 165.67+41.35
Median (Range) 162 (75-314)

Graph 10. Distribution of study population according
to the total cholesterol

17.00%

83.00%

00 to 200 O> 200

In this study majority of the patients had normal total cholesterol levels (<200
mg/dL) while 17% of the patients had raised cholesterol levels (>200 mg/dL). The
mean total cholesterol levels were 165.67+41.35 mg/dL and median total cholesterol

levels were 162 mg/dL with 75 mg/dL being minimum and 314 mg/dL being

maximum.
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Table 11. Distribution of study population according to the HDL

Distribution (n=100)

HDL (mg/dL)
Number Per centage
<40 79 79.00
> 40 21 21.00
Total 100 100.00
Mean + SD 34.09+7.83
Median (Range) 32.5 (23-65)

Graph 11. Distribution of study population according
to the HDL
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In the present study 79% of the patients had low HDL (< 40 mg/dL). The
mean HDL levels were 34.09+7.83 mg/dL and median HDL levels were 32.5 mg/dL

with 23 mg/dL being minimum and 65 mg/dL being maximum.
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Table 12. Distribution of study population accordingtothe LDL

Distribution (n=100)

LDL (mg/dL)
Number Per centage
<100 54 54.00
>100 46 46.00
Total 100 100.00
Mean + SD 95.13+39.87
Median (Range) 93 (26-214)

to the LDL

0< 100 O =100

Graph 12. Distribution of study population according

46.00% N
‘4.00%

In this study 46% of the patients had raised LDL levels (2100 mg/dL). The

mean LDL levels were 95.13+ 39.87 mg/dL and median LDL levels were 93 mg/dL

with 26 mg/dL being minimum and 214 mg/dL being maximum.
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Table 13. Distribution of study population according to the Triglyceride levels

Distribution (n=100)
Triglycerides (mg/dL)

Number Per centage
<150 39 39.00
> 150 61 61.00
Total 100 100.00
Mean + SD 185.43+77.17
Median (Range) 178 (54-369)

Graph 13. Distribution of study population according
to theTriglyceride levels
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In the present study 39% of the patients had raised triglycerides levels (< 150
mg/dL). The mean triglycerides levels were 185.43+77.17 mg/dL and median

triglycerides levels were 178 mg/dL with 54 mg/dL being minimum and 369 mg/dL

being maximum.
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Table 14. Distribution of study population according to the Neck circumference

Distribution (n=100)
Neck circumference (Cm)

Number Per centage

Normal (Male < 37; Femae< 34) 16 16.00
Abnormal (Male > 37; Femae > 34) 84 84.00
Total 100 100.00

Mean + SD 38.33+2.25

Median (Range) 38.6 (33-44)

Graph 14. Distribution of study population according
to the Neck circumference
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In this study 84% of the patients had abnormal neck circumference. The mean
neck circumference was 38.33+2.25 cms and median neck circumference was 38.6

cms with 33 cms being minimum and 44 cms being maximum.
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Table 15. Distribution of study population according to the inter-scapular skin

thickness

Distribution (n=100)
inter-scapular skin thickness

Number Per centage
<22 77 77.00
>22 23 23.00
Total 100 100.00
Mean + SD 1.86+0.52
Median (Range) 1.8(0.8-3.0)

Graph 15. Distribution of study population according
to the intrascapular skin thickness
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In the present study 77% of the patients had normal inter-scapular skin
thickness (<2.2) while 23% of the patients had abnormal inter-scapular skin thickness
(22.2). The mean inter-scapular skin was 1.86+0.52 and median neck circumference

was 1.8 with 0.8 being minimum and 3.0 being maximum.
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Table 16. Distribution of study population according tothe HOMA-IR

Distribution (n=100)

HOMA-IR
Number Per centage
<241 44 44.00
2241 56 56.00
Total 100 100.00
Mean + SD 4.20+4.98
Median (Range) 2.7(0.7-34.4)

Graph 16. Distribution of study population according
to the HOMA-IR
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In this study 56% of the patients had raised HOMA-IR (=2.41). The mean

HOMA IR was 4.20+4.98 and median HOMA IR was 2.7 with 0.7 being minimum

and 34.4 being maximum.
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Table 17. Characteristics of the study population

Distribution (n=100) Range
Variables Median
Mean SD Minimum Maximum

Age 58.98 9.86 57.5 31.0 80.0

diabetic duration 6.50 3.23 6 1.0 16.0
Height (Cms) 166.77 6.31 166.5 143.0 182.0
Weight (Kgs) 76.93 9.26 78 60.0 98.0

Body mass index (kg/m2) 28.34 7.28 27.15 21.8 94.0
Waist circumference (Cms) 96.90 7.77 98 80.0 112.0
Hip circumference (Cms) 81.78 10.15 80 60.0 112.0

Waist hip ratio 1.19 0.16 115 0.9 17
Respiratory rate 14.26 1.97 14 11.0 18.0
Pulse 74.33 10.95 76 50.0 100.0
Systolic 135.21 16.99 136 90.0 178.0
Diastolic 82.60 10.72 80 56.0 114.0
FBS 163.67 70.87 148 82.0 536.0
PPBS 243.16 87.75 227 101.0 625.0

HBA1C 8.72 2.08 8.2 6.1 154
Total cholesterol 165.67 41.35 162 75.0 314.0
HDL 34.09 7.83 32.5 23.0 65.0
LDL 95.13 39.87 93 26.0 214.0
Triglycerides 185.43 77.17 178 54.0 369.0

serum insulin 8.81 4.73 7.8 3.2 26.0

Neck circumference (Cms) 38.33 2.25 38.6 33.0 44.0

Inter-scapular skin thickness(Cm)  1.86 0.52 1.8 0.8 3.0
HOMA IR 4.20 4.98 2.7 0.7 34.4

The clinical profile of the study population is as shown in table 17.
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Table 18. Comparison of clinical characteristics of the study population with

HOMA-IR
HOMA IR <2.41 (n=44) HOMA IR >2.41 (n=56)
Variables p value
Mean SD Min. Max.
Age (Years) 59.48 8.89 58.6 10.6 0.650
Diabetic duration (Y ears) 6.52 3.19 6.5 3.3 0.950
Height (Cms) 166.80 6.08 166.8 6.5 0.971
Weight (Kgs) 77.09 9.42 76.8 9.2 0.879
Body mass index (kg/m2) 20.18 10.51 27.7 2.8 0.359
Waist circumference (Cms) 98.24 7.95 95.8 75 0.129
Hip circumference (Cms) 81.49 10.28 82.0 10.1 0.804
Waist hip ratio 121 0.17 12 0.1 0.311
Respiratory rate (/Minute) 14.18 192 14.3 20 0.726
Pulse (/Minute) 73.45 9.14 75.0 12.2 0.466
Systolic (mm Hg) 134.73 16.02 135.6 17.9 0.800
Diastolic (mm Hg) 82.95 9.90 82.3 114 0.767
FBS (mg/dL) 123.61 24.60 195.1 79.2 <0.001
PPBS (mg/dL) 196.77 47.44 279.6 95.0 <0.001
HBA1C 7.65 1.22 9.6 2.2 <0.001
Total cholesterol (mg/dL) 164.43 40.19 166.6 42.6 0.791
HDL (mg/dL) 33.82 7.28 34.3 8.3 0.756
LDL (mg/dL) 95.07 40.61 95.2 39.7 0.989
Triglycerides (mg/dL) 186.41 75.74 184.7 78.9 0.911
Serum insulin 5.46 131 114 4.8 <0.001
Neck circumference (Cms) 37.65 2.14 38.9 2.2 0.006
Inter-scapular skin thickness (Cm) 1.78 0.49 19 0.5 0.165

The Comparison of clinical characteristics of the study population with
HOMA-IR is as shown in Table 18. It was observed that, FBS, PPBS, HbA1lc and
Neck circumference were significantly high in patients with HOMA IR > 241

(p<0.050).
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Table 19. Correlation of neck circumference with glucosetriad

Distribution (n=100)

variables
Pear son correlation co-efficient (r) p value
NC with HOMA IR 0.4196 <0.001
NC with FBS 0.441 <0.001
NC with PPBS 0.4995 <0.001
NC with HbAlc 0.4181 <0.001

In this study significant moderate positive correlation was observed between
neck circumference with HOMA IR, fasting blood sugar levels, post prandia blood

sugar levels and Glycosylated haemoglobin
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r=0.4196; R?=0.1761; p<0.001

In the present study moderate positive correlation was observed between neck

circumference and HOMA IR (r=0.4196; R?*=0.1761; p<0.001)
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Correlation of Neck Circumference with Fasting blood Sugar levels
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In this study moderate positive correlation was observed between neck

circumference and Fasting blood sugar levels (r=0.4196; R?=0.1954; p<0.001)
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Correlation of Neck Circumference with Post prandial blood Sugar levels
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r=0.4196; R?=0.1761; p<0.001

In the present study moderate positive correlation was observed between neck

circumference and post prandial blood sugar (r=0.4196; R*=0.2495; p<0.001)
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Correlation of Neck Circumference with glycosylated haemoglobin levels
18
16 A
14 A
S
= 121
E 2
o R: 3 0.174
(2]
g 101
Q
(]
<
°
] 87
s
>
%]
8
> 67
0]
4 1
2 -
0 T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50
Neck Circumference (cms)

r=0.4196; R?=0.1749; p<0.001

In this study moderate positive correlation was observed between neck

circumference and Glycosylated haemoglobin (r=0.4181; R°=0.1761; p<0.001).
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Comparison of various anthropometric measures like BMI, WHR, neck

circumference and inter-scapular skin thickness with HOMA IR
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DISCUSSION

Overweight and obesity leads to a number of diseases including diabetes
mellitus that contribute to increased morbidity and mortality. The presence of obesity
worldwide has led to the usage of the term 'globesity’ to describe the epidemic trend

towards increased body weight.?

Obesity has been reported to be associated with insulin resistance,
dyslipidemia, and hypertension, thus increasing the risk for cardiovascular disease
(CVD). Regarding body fat distribution, abdominal visceral fat has been more
strongly associated with cardiovascular risks than body mass index (BMI), waist
circumference, and abdominal subcutaneous fat. Therefore, evaluation of visceral fat
accumulation is important to reduce cardio-metabolic burdens. Recently, we have
seen that increased visceral fat with norma BMI is associated with arterial stiffening
in patients with type 2 diabetes. On the other hand, there is evidence that
subcutaneous fat has a beneficia role against cardio-metabolic risks. These
observations suggest the importance of direct evaluation of visceral and subcutaneous
fat accumulation for the management of atherosclerosis; therefore it is possible that
increased visceral fat with decreased subcutaneous fat accumulation is positively

associated with atherosclerosis.**

Practical and easily performed methods for measuring obesity include various
anthropometric measures such as body mass index (BM1), waist circumference (WC),
waist-to-hip ratio (WHR), as well as the not-so-easy method of measuring the
thickness of subcutaneous fat layer at specific sites for estimating body fat percentage.

BMI has been adopted by most health professionals for obesity surveys, as it is easy
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to perform on a large scae. However, it does not depict the true body composition.
Furthermore, visceral obesity, which closely relates to cholesterol levels in the body
and its associated coronary artery disease, is better defined by measuring the waist

circumference.>®

Measurement of neck circumference (NC) has recently been used to identify
overweight and obesity and is observed to have good correlation with age, weight,
waist and hip circumferences, waist-to-hip ratio, and BMI for both genders.” Besides,
NC is considered an index of upper body obesity and correlates positively with
changes in systolic and diastolic blood pressure and other components of the

metabolic syndrome.”

Body mass index, waist circumference, and waist/hip ratio have been shown to
be associated with type 2 diabetes. From the clinical perspective, central obesity
(approximated by waist circumference or waist/hip ratio) is known to generate
diabetogenic substances and should therefore be more informative than general
obesity (body mass index). Because of their high correlation, from the statistical
perspective, body mass index and waist circumference are unlikely to yield different

answers.’

NC is found to be a simple and time-saving screening measure that could be
used to identify overweight and obese individuals. It has been shown that men with a
NC of less than 37 cm and women with a NC of less than 34 cm require a more
comprehensive evaluation of their status as overweight or obese in the settings of

metabolic syndrome.”
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Considering the burden of type 2 diabetes mellitus, the fact that obesity being
an important risk factor in the pathogenesis of diabetes, and advantages of measuring
neck circumference this study was undertaken to estimate subcutaneous fat thickness
using various anthropometric measures like body mass index, waist hip ratio, Neck
circumference, inter-scapular skin thickness and to correlate these parameters with

type 2 diabetes mellitus.

The present hospital based cross-sectional study was conducted in the
Department of Medicine, KLES Dr. Prabhakar Kore Hospital and Medical Research
Centre, Belgaum from January 2016 to December 2016. A total of 100 Patients
presenting with type 2 diabetes mellitus were studied. The data obtained was anal yzed

and the final observations were tabul ated as below.

It is reported that, the prevalence of diabetesis higher in men than women.® 2

Same was true in the present study as 68% of patients were males and 32% of the
patients were females. The male female ratio was 2.12:1. These findings suggest that,
type 2 diabetes mellitus is widely prevalent among males which was consistent with

other reports in the literature.>%

Unlike in the West, where older persons are most affected, diabetes in Asian
countries is disproportionately high in young to middle-aged adults.”®* Accordingly in
this study most of the patients (41%) were aged between 51 to 60 years followed by
61 to 70 years (27%). The mean age was 58.98 + 9.86 years and median age was 57.5
years with range 31 being minimum and 80 being maximum. These findings show
that, diabetes mellitus was widely prevalent among elderly. The higher prevalence of
diabetes among aged can be explained by the rise in the segment of geriatric

popul ation.
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With regard to diabetic characteristics, more than one third of the diabetics
(38%) reported duration of diabetes between 4 to 6 years. The mean duration of
diabetes was 6.50 + 3.23 years and median duration was 6 years with range 1 year
being minimum and 16 years being maximum. Magjority of the patients that is, 69%
had elevated fasting blood sugar levels (=126 mg/dL). The mean FBS levels were also
high (163.67+70.87 mg/dL) and median FBS levels were 148 mg/dL with 82 mg/dL
being minimum and 536 mg/dL being maximum. Similarly Mgority of the patients
(66%) had elevated post prandial blood sugar levels (=200 mg/dL). The mean PPBS
levels were high 243.16+87.75 mg/dL and median FBS levels were 227 mg/dL with
101 mg/dL being minimum and 625 mg/dL being maximum. One notable findings
was that only 7% of the patients in this study had norma FBS (<100mg/dL) and
PPBS (<140 mg/dL) levels. Furthermore 40% of the patients had HbA1c levels
between 7.0-8.5 suggesting moderate glycaemic control and 39% of the patients had
HbA1c levels of > 8.5 suggesting poor glycaemic control. The mean HbAlc levels
were 8.72 + 2.08 and median HbA1c levels were 8.2 with 6.1 being minimum and

15.4 being maximum suggesting poor glycaemic control in the study population.

Most patients with type 2 diabetes are obese, and the global epidemic of
obesity largely explains the dramatic increase in the incidence and preval ence of type
2 diabetes over the past 20 years.®® In the present study majority of the patients (63%)
were overweight (25.00-29.99 kg/m?) while 20% of the patients were obese (=30
Kg/m?) and only 2% of the patients has normal BM| (18.5 to 22.9 kg/m?). The mean
and median BMI was aso suggestive of overweight population that is, 28.34+7.28
Kg/m? and median BM| was 27.15 Kg/m? with range 21.8 Kg/m? being minimum to

37.2 Kg/m? maximum.
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BMI and WC are indices of general and central (visceral) obesity respectively,
and are an important first step in determining the level and distribution of obesity.%*
The cutoff values of WC for overweight and obesity vary widely over different
geographic regions of the world. Furthermore, for WC, 'underweight' and 'normal
weight' has not been properly defined as there has been no mention in the literature of
the lower limit of normal WC.? In this study majority of the diabetics (97%) had
abnormal waist circumference. The mean waist circumference was above the normal
reference range that is 96.90+7.77 cms and median waist circumference was 98 cms
with 80 cms being minimum and 112 cms being maximum suggesting normal waist

circumference and obesity.

In the present study majority of the patients (96%) had abnormal waist hip
ratio suggesting that higher frequency of obesity among diabetics. Furthermore the
mean WHR was 1.21 + 0.17 and median WHR was 1.2 with range 0.87 being
minimum and 1.65 being maximum suggesting higher rate of obesity among

diabetics.

Diabetic dydlipidemiais a complex cluster of potentialy atherogenic lipid and
lipoprotein abnormalities involving both quantitative and qualitative changes.
Increased plasma triglycerides, low concentration of high density lipoproteins
cholesterol (HDL-C), preponderance of small, dense low density lipoproteins (LDL)
and excessive postprandial lipemia are its main components. As it has been recently
shown, the abnormalities in lipid metabolism are not isolated but rather closely linked

to each other.®

In this study majority of the patients had normal total cholesterol levels (<200

mg/dL) while 17% of the patients had raised cholesterol levels (>200 mg/dL)
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suggesting hypercholesterolaemia.  The mean tota cholesterol levels were
165.67+41.35 mg/dL and median total cholesterol levels were 162 mg/dL with 75
mg/dL being minimum and 314 mg/dL being maximum. Epidemiologic studies have
demonstrated that diabetes mellitus is an independent risk factor for cardiovascular
disease and that it amplifies the effects of other common risk factors, such as

smoking, hypertension and hyperchol esterolemia %’

In the present study majority of the patients that is, 79% of the patients had
low HDL (<40 mg/dL). The mean and median HDL levels were aso suggestive of
abnormal HDL levels that is, mean HDL 34.09+7.83 mg/dL and median HDL levels
were 32.5 mg/dL with as low as 23 mg/dL being minimum and 65 mg/dL being

maximum.

In the Iranian IHHP-study,® significantly low levels of HDL were reported in
type 2 diabetics. In San Antonio Heart Study® 30% of patients with type 2 diabetes
were reported to have low HDL levels. In the Turkish study mentioned above low

HDL levels were found in 30% of diabetic patients.'®

In this study 46% of the patients had raised LDL levels (2100 mg/dL). The
mean LDL levels were 95.13+ 39.87 mg/dL and median LDL levels were 93 mg/dL
with 26 mg/dL being minimum and 214 mg/dL being maximum. In a Turkish study
by Avsar A et a,'® 45% of the patients were found to have high LDL cholesterol
levels. In a study™™ from Pakistan applying American Diabetic Association guidelines
to classify lipoprotein concentrations, the proportion of patients who had an LDL
level that was within low-, borderline-, and high-risk categories was 54, 29, and 16%

respectively. In another recent study by Firdous S. et a.,%” the percentage of diabetic
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patients affected by high LDL cholesterol was 32%. In another study done by Khalid

AM and coworkers,*® LDL was found high in 30% of the patients.

In the present study more than one third (39%) of the diabetic patients had
raised triglycerides levels (<150 mg/dL) suggesting hypertriglyceridemia. Also the
mean triglycerides levels were also high 185.43+77.17 mg/dL and median
triglycerides levels were 178 mg/dL with 54 mg/dL being minimum and 369 mg/dL
being maximum. These findings strongly propose very high risk of
hypertriglyceridemia in patients with type 2 diabetes mellitus compared to heathy
individuals. In the Palestinian study’® and aso in the Iranian IHHP study,”® 35 to
40% of the diabetic population was found to have high risk category

hypertriglyceridemia.

BMI and WC are indices of general and central (visceral) obesity respectively,
and are an important first step in determining the level and distribution of obesity.**
The cutoff values of WC for overweight and obesity vary widely over different
geographic regions of the world. Furthermore, for WC, 'underweight' and 'normal
weight' has not been properly defined as there has been no mention in the literature of
the lower limit of norma WC.? Therefore, the study used BMI instead of WC as the

primary reference point.

In the present study 77% of the patients had normal inter-scapular skin
thickness (<2.2) while 23% of the patients had abnormal inter-scapular skin thickness
(22.2). The mean inter-scapular skin was 1.86+0.52 and median neck circumference

was 1.8 with 0.8 being minimum and 3.0 being maximum.
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Ovedl based on BMI, 63% of the patients were overweight (25.00-29.99
kg/m?) and 20% of the patients were obese (=30 Kg/m?), 96% of the patients had
abnormal waist hip ratio, 97% of the patients had abnormal waist circumference, 77%
of the patients had normal inter-scapular skin thickness (<2.2) and with regard to neck

circumference, 84% of the patients had abnormal neck circumference.

In this study unlike inter-scapular skin thickness, 96% of the patients has
abnormal WHR, 97% of the patients had abnormal waist circumference and 84% of
the patients had abnormal neck circumference. The mean neck circumference was
38.33£2.25 cms and median neck circumference was 38.6 cms with 33 cms being
minimum and 44 cms being maximum suggesting higher rate of obesity in patients
with diabetes mellitus. Although obesity results in metabolic abnormalities, upper
body obesity is more strongly associated with glucose intolerance, hyperinsulinemia,
diabetes, hypertriglyceridemia, gout and uric calculus disease than lower body
obesity. Upper body obesity can be assessed by various techniques such as NC, waist
circumference (WC), waist-to-hip ratio, waist-to-thigh ratio, subscapular-to-triceps
skinfold ratio and abdominal sagittal diameter. Besides, NC is considered an index of
upper body obesity. NC measurements are an aternative and innovative approach for

determining bodly fat distribution.'®

Guo et a.'® and Kurtoglu et a.'® observed a correlation between NC and
anthropometric indicators of obesity. Guo et a.'® evaluated 6,802 Chinese children
and adolescents between five and 18 years old, dividing them into BMI categories,
and found a significant correlation between NC and WC. Despite a decrease in
correlation coefficients after the adjustment for age, sex, and BMI, NC remained

positively correlated with WC. The authors also observed an association between NC
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and BMI in the three BMI categories, but no significance was found in the obese
group after the adjustment for age, sex and WC. In the study by Kurtoglu et al,*® with
581 Turkish children and adolescents between five and 18 years old, there was also a
significant correlation between NC, WC and BMI in puberta and prepubertal

adolescents of both sexes.

Hingorjo MR et al.? showed a strong positive correlation of NC with BM| and
WC in both male and female subjects. Several studies have examined the association
of conventional anthropometric measures of obesity with NC.”3%"1° The association
between obstructive sleep apnoea and NC was even greater than WC in case of
males.’” In another study by Yang et al, NC was found to be positively related with
BMI, WC, and metabolic syndrome in Chinese subjects having type 2 diabetes

mellitus.”

Insulin resistance is a complex metabolic disorder that defies explanation by a
single etiological pathway. Accumulation of ectopic lipid metabolites, activation of
the unfolded protein response (UPR) pathway, and innate immune pathways have all
been implicated in the pathogenesis of insulin resistance. However, these pathways
are also closdly linked to changes in fatty acid uptake, lipogenesis, and energy
expenditure that can impact ectopic lipid deposition. Ultimately, these cellular
changes may converge to promote the accumulation of specific lipid metabolites
(diacylglycerols and/or ceramides) in liver and skeletal muscle, a common final
pathway leading to impaired insulin signaling and insulin resistance.™* In this study
more than half of the study population (56%) had raised HOMA-IR (=2.41). The

mean and median HOMA IR levels were also found to be high that is 4.20+4.98 and
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median HOMA IR was 2.7 with 0.7 being minimum and 34.4 being maximum

suggestive of insulin resistance.

It was observed that FBS, PPBS, HbAlc and Neck circumference were
significantly high in patients with insulin resistance (HOMA IR > 2.41). The mean
FBS levels were significantly high in patients with insulin resistance (195.1 £ 79.2
mg/dL vs 123.61 + 24.60 mg/dL; p<0.001) compared to those with normal HOMA IR
levels. Similarly PPBS levels were high in patients with insulin resistance (727.60 +
95.00 mg/dL vs 196.77 + 47.44 mg/dL; p<0.001) compared to those with normal
HOMA IR levels. Furthermore, HbA1c levels were aso high were high in patients
with insulin resistance (9.60 + 2.20 vs 7.65 £ 1.22; p<0.001) compared to those with
norma HOMA IR levels. One notable finding was that the neck circumference was
significantly high in patients with insulin resistance (38.9+ 2.20 mg/dL vs 37.65 *
2.14 cms; p=0.006) compared to those with normal HOMA IR levels. Further more
moderate positive correlation was observed between neck circumference with HOMA
IR (r=0.4196; R*=0.1761; p<0.001), fasting blood sugar levels (r=0.4196; R*=0.1954;
p<0.001), post prandia blood sugar levels (r=0.4196; R®=0.2495; p<0.001) and
Glycosylated haemoglobin (r=0.4181; R*=0.1761; p<0.001) and this correlation was
statistically significant. Surprisingly other obesity measures including body mass
index, WHR, waist circumference, inter-scapular skin thickness were comparable in
patients with insulin resistance and patients with normal HOMA IR Index. These
findings suggest that, neck circumference is strong predictor of insulin resistance.
These findings were consistent with a recent study by da Silva Cde C, et d.™? To
evaluate the correlation between neck circumference and insulin resistance and
components of metabolic syndrome in adolescents with different adiposity levels and

pubertal stages, as well as to determine the usefulness of neck circumference to
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predict insulin resistance in adolescents concluded that, the neck circumference is a
useful tool for the detection of insulin resistance and changes in the indicators of
metabolic syndrome in adolescents. The easiness of application and low cost of this

measure may allow its use in Public Health services.**?

106
al.

Regarding markers of IR, Kurtoglu et found a positive correlation

between NC, insulin, and HOMA1-IR in pubertal and pre-pubertal adolescents of

both sexes. Androutsos et a.!*®

presented a positive correlation of NC with insulin
and HOMA-IR in both sexes. The results remained significant after adjustments for
age, sex, Tanner stage, physical activity, and intake of proteins, carbohydrates and fat.
Onat et a.'”” aso reported that NC correlated strongly with BMI, WC (r > 0.6),

homeostatic model -assessed insulin resistance and blood pressure.

Ovedl the present study showed that, NC is a useful tool and a strong
predictor of insulin resistance. NC has some advantages over other obesity indicators
viz. good inter-rater and intra-rater reliability; no need for multiple accuracy and

reliability measurements;***

no influence of time of measurement (fasting and
postprandial period); more stable body surface; easier for both examiners and
participants, particularly during winter and in crowded locations, more socialy

acceptable and more convenient, especialy for overweight and obese adolescents.

However, NC does not have international reference values yet.

The present study has the following limitations Mainly the study design that is
cross-sectional study. we presume that case controls design study would have yielded
the relative risk of obesity for insulin resistance Furthermore the sample was selected
by convenience, with a higher proportion of obese individuals, The study did not

analyze the correlations with imaging studies that directly quantify fat deposits.
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Discussion

Evauation of NC based on single measurements might be considered a minor
limitation. Despite these limitations, our results were in agreement with the results of
the cited studies. Its simplicity and low cost may enable its use in Public Health

services and in large epidemiological community based studies.

Conclusions reached may not be fully applicable to a population because of
the relative small sample size of the present study. Further studies with larger sample
sizes are needed to identify the relationship of NC with central obesity in general

popul ation.

Page 92



Conclusion

CONCLUSION

Based on the present study it may be concluded that,

In this study regard to BMI 63% of the patients were overweight (25.00-29.99

kg/m?) and 20% of the patients were obese (=30 Kg/m?).
96% of the diabetics had abnormal waist-hip ratio in this study.
Waist circumferenceis abnormal in 97% of the study population.

With regard to neck circumference, in this study 84% of the patients had

abnormal neck circumference.
While 77% of the patients had normal inter-scapular skin thickness (<2.2).

More than half of the study population (56%) was insulin resistant, who had

rased HOMA-IR (22.41).

Neck circumference was significantly high in patients with insulin resistance

compared to those with normal HOMA IR.

Incidentally we aso found that FBS, PPBS, HbAlc levels were high in
patients with insulin resistance compared to those with normal HOMA IR

levels.

Moderate positive correlation was observed between neck circumference with
HOMA IR (r=0.4196; R®=0.1761; p<0.001), fasting blood sugar levels

(r=0.4196; R*=0.1954; p<0.001), post prandial blood sugar levels (r=0.4196;
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R?=0.2495; p<0.001) and Glycosylated haemoglobin (r=0.4181; R*=0.1761;

p<0.001) and this correlation was statistically significant.

Neck circumference is a simple and time-saving screening measurement that
could be useful in clinical screening for persons at an enhanced risk for insulin

resistance.
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Summary

SUMMARY

Overweight and obesity leads to a number of diseases including diabetes
mellitus that contribute to increased morbidity and mortality. Considering the burden
of type 2 diabetes mellitus, the fact that obesity being an important risk factor in the
pathogenesis of diabetes, this study was undertaken to estimate subcutaneous fat
thickness using various anthropometric measures like body mass index, waist hip
ratio, Neck circumference, inter-scapular skin thickness and to correlate these

parameters with type 2 diabetes mellitus.

The present hospital based cross-sectional study was conducted in the
Department of Medicine, KLES Dr. Prabhakar Kore Hospital and Medical Research
Centre, Belgaum from January 2016 to December 2016. A total of 100 Patients
presenting with type 2 diabetes mellitus were studied. The data obtained was analyzed

and the salient findings of the study are summarized as below.

In the present study 68% of the patients were males and 32% of the patients
were females with the male femaleratio of 2.12:1.

41% of the patients were aged between 51 to 60 years followed by 27% who
are aged 61 to 70 years. The mean age was 58.98 + 9.86 years and median age
was 57.5 years with range 31 being minimum and 80 being maximum.

38% of the patients were reported duration of diabetes between 4 to 6 years.
The mean duration of diabetes was 6.50 = 3.23 years and median duration was
6 years with range 1 year being minimum and 16 years being maximum.

63% of the patients were overweight (25.00-29.99 kg/m?) while 20% of the

patients were obese (230 Kg/m?). The mean BMI was 28.34+7.28 Kg/m® and
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median BMI was 27.15 Kg/m? with range 21.8 Kg/m? being minimum to 37.2
K g/m? maximum.

96% of the patients had abnormal waist hip ratio. The mean WHR was 1.21 +
0.17 and median WHR was 1.2 with range 0.87 being minimum and 1.65
being maximum.

97% of the patients had abnormal waist circumference. The mean waist
circumference was 96.90+7.77 cms and median waist circumference was 98
cms with 80 cms being minimum and 112 cms being maximum.

84% of the patients had abnorma neck circumference. The mean neck
circumference was 38.33+2.25 cms and median neck circumference was 38.6
cms with 33 cms being minimum and 44 cms being maximum.

77% of the patients had normal inter-scapular skin thickness (<2.2) while 23%
of the patients had abnormal inter-scapular skin thickness (=2.2). The mean
inter-scapular skin was 1.86+0.52 and median neck circumference was 1.8
with 0.8 being minimum and 3.0 being maximum.

56% of the patients had raised HOMA-IR (=2.41). The mean HOMA IR was
4.20+4.98 and median HOMA IR was 2.7 with 0.7 being minimum and 34.4
being maximum.

The neck circumference was significantly high in patients with insulin
resistance (38.9+ 2.20 mg/dL vs 37.65 £ 2.14 cms; p=0.006) compared to
those with normal HOMA IR levels.

69% of the patients had elevated fasting blood sugar levels (2126 mg/dL). The
mean FBS levels were 163.67+70.87 mg/dL and median FBS levels were 148

mg/dL with 82 mg/dL being minimum and 536 mg/dL being maximum.
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The mean FBS levels were gignificantly high in patients with insulin
resistance (195.1 £ 79.2 mg/dL vs 123.61 + 24.60 mg/dL; p<0.001) compared
to those with normal HOMA IR levels.

66% of the patients had elevated post prandial blood sugar levels (=200
mg/dL). The mean PPBS levels were 243.16+87.75 mg/dL and median PPBS
levels were 227 mg/dL with 101 mg/dL being minimum and 625 mg/dL being
maximum.

PPBS levels were high in patients with insulin resistance (727.60 + 95.00
mg/dL vs 196.77 + 47.44 mg/dL; p<0.001) compared to those with normal
HOMA IR levels.

40% of the patients had HbA 1c levels between 7.0-8.5 and 39% of the patients
had HbA1lc levels of > 8.5. The mean HbA1c levels were 8.72 + 2.08 and
median HbAlc levels were 8.2 with 6.1 being minimum and 15.4 being
maximum.

HBA1c levels were aso high were high in patients with insulin resistance
(9.60 £ 2.20 vs 7.65 + 1.22; p<0.001) compared to those with normal HOMA
IR levels.

Moderate positive correlation was observed between neck circumference with
HOMA IR (r=0.4196; R®=0.1761; p<0.001), fasting blood sugar levels
(r=0.4196; R*=0.1954; p<0.001), post prandial blood sugar levels (r=0.4196;
R?=0.2495; p<0.001) and Glycosylated haemoglobin (r=0.4181; R*=0.1761;
p<0.001) and this correlation was statistically significant.

In this study majority of the patients had normal total cholesterol levels (<200
mg/dL) while 17% of the patients had raised cholesterol levels (>200 mg/dL).

The mean total cholesterol levels were 165.67+41.35 mg/dL and median total
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cholesterol levels were 162 mg/dL with 75 mg/dL being minimum and 314

mg/dL being maximum.

79% of the patients had low HDL (< 40 mg/dL). The mean HDL levels were

34.09+7.83 mg/dL and median HDL levels were 32.5 mg/dL with 23 mg/dL

being minimum and 65 mg/dL being maximum.

46% of the patients had raised LDL levels (2100 mg/dL). The mean LDL

levels were 95.13+ 39.87 mg/dL and median LDL levels were 93 mg/dL with

26 mg/dL being minimum and 214 mg/dL being maximum.

39% of the patients had raised triglycerides levels (< 150 mg/dL). The mean

triglycerides levels were 185.43+77.17 mg/dL and median triglycerides levels

were 178 mg/dL with 54 mg/dL being minimum and 369 mg/dL being
maximum.

Overdl in this study based on BMI, 63% of the patients were overweight
(25.00-29.99 kg/m?) and 20% of the patients were obese (=30 Kg/m?), considering
waist hip ratio 96% of the patients were obese, 97% of the patients had abnormal
waist circumference and 84% of the patients had abnormal neck circumference while
77% of the patients had norma inter-scapular skin thickness (<2.2). Neck
circumference was significantly high in patients with insulin resistance compared to
those with normal HOMA IR. Incidentally we also found that FBS, PPBS, HbAlc
levels were high in patients with insulin resistance compared to those with normal
HOMA IR levels. Also there is moderate positive correlation between neck

circumference and FBS, PPBS, HbA1lc and HOMA IR.
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ANNEXURE | - CONSENT FORM

Title of research study: “ESTIMATION OF SUBCUTANEOUS FAT
THICKNESSUSING VARIOUSANTHROPOMETRIC MEASURES AND
THEIR CORRELATION IN TYPE 2DIABETESMELLITUS-A ONE YEAR
CROSS SECTIONAL STUDY”
Principal investigator:

Dr.

Post-graduate student,
Department of General Medicine,
Jawaharlal Nehru Medical College,

Belagavi — 590 010

Introduction and purpose

Diabetes mellitus (DM) is a syndrome of impaired carbohydrate, fat, and
protein metabolism either by lack of insulin secretion (DM type |) or by decrease in
sengitivity of tissues to insulin (DM type I1). There has been a dramatic increase in the
prevalence of DM type Il in Indiain recent times. Insulin resistance is also associated
with visceral and subcutaneous fat content. Neck circumference (NC) is a relatively
new method of differentiating between normal and abnorma and abnormal fat
distribution. 1t has been scapular skin thickness (ISST) is aso associated with
metabolic traits related to insulin resistance so is subcutaneous abdominal fat (SAF)
thickness. These parameters have correlated individualy in various studies, but no
study till date has taken all these anthropometric measures and compared with each

other in patients of type |1 diabetes mellitus.
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Procedure

If you agree to be part of the research study, you will be asked the relevant
history and will be subjected to relevant clinical examination and investigations. You
will aso have to give blood samples for the investigations as follows Fasting blood

sugar, Post-Prandia blood sugar, HbA1c, Lipid profile, Serum Insulin level.

Risks and benefits

The only risk and possible discomfort you might get is while taking blood
samples for the investigations. It may cause swelling, pain. Redness bruising or
infection (rarely happens) at the site from where the samples are drawn.

By participating in this study you may not get any benefits from this but the
data collected will be helpful in understand diabetes mellitus better.

Alternatives

Taking part in this study is voluntary. Y ou may choose not to be take part in this
study, or if you decide to take part you can later change your mind and withdraw from
the study. Your decision will not change the present or future health care or other
services that you receive. The study doctor or sponsor may stop your participation in
this study at any time. If you choose not to take part in the study, you will receive the
standard treatment for patients with your condition.

Privacy and confidentiality

All information collected about you during the course of this study will be kept
confidential to the extent permitted by law. The code numbers will identify you in this
research record. Information from this study may be published but your identity will be

confidential in any publication.
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I nstitution/sponsor ’compensation

In case of any injury related to the study, treatment will be made available at
KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belgaum. There is
no compensation or payment for such medical treatment by law.

Financial incentivesfor participants

Y ou will not be paid/offered any gifts/incentives for participating in the study.

Authorisation to publish the results

The results of the study would be forwarded to the KLE University, Belgaum as

part of requirement towards the completion of MD degree, review and publishing.

Questions/contact details

In case of the queries during study you may contact following persons.

In case of any queries, regarding right asa part

3) Dr. Ganga Pilli,
Chairman,
Jawaharlal Nehru Medical College,
Ethical committee for human research
Phone Number: 08312471350
Extension: 1527
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CONSENT STATEMENT

| voluntarily agree to take part in this study by signing below. | may withdraw
at any time. | am not giving up any of my legal rights by signing this form. My
signature below indicated that | have read, or it has been read to me, this consent form,

and have had all the questions answered.

Name of the participant

Signature/ Thumb print

Name of guardian

Signature/ Thumb print

Name of the witness

Signature/ Thumb print

Investigator name

Signature

Date:

Place:
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Case Number

Name

Age/Sex

Address

Occupation

Chief complaints

History of present illness

Past history

Treatment history

Family history

Personal history

On Examination

Physical Examination

ANNEXURE Il - PROFORMA
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General Condition

Pallor: Yes/No

Lymphadenopathy:  Yes/No

Clubbing:

Yes/No

Vitals

Temperature

Pulse

Systemic Examination

Cardiovascular system

Respiratory system

Per abdomen

Central nervous system

I nvestigations

Icterus : Yes/No
Cyanosis Yes/No
Edema : Yes/No
Respiratory rate

Blood pressure
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73 | 757544 | 65 169 | 80 | 28 | 102 | 95 | 1.07 14 | 70 | 124 | 70 198 | 278 | 104 | 219 | 35 | 148 | 237 | 12| 37 | 16 | 59

74 | 2003472 | 63 176 | 90 | 29 | 104 | 68 | 1.52 12 | 54 | 114 | 80 120 | 202 | 66 | 228 | 32 | 165 | 345|148 | 365 | 13 | 14

75 | 3366613 | 53 164 | 78 | 29 | 105 | 73 | 143 12 | 66 | 144 | 80 124 | 143 | 64 | 128 | 47 | 61 | 101 | 7.2 | 358 | 154 | 2.2

76 | 3589824 | 50 170 | 88 | 305 | 98 71 | 13 14 | 80 | 156 | 90 186 | 288 | 11.2 | 156 | 23 | 67 | 330 | 6.7 386 | 1.7 | 31

77 | 700194 | 65 166 | 80 | 29 | 109 | 756 | 145 16 | 90 | 130 | 88 192 | 222 | 94 | 154 | 30 | 50 | 367 | 8 38 | 0.8 | 38

78 | 3494362 | 62 178 | 80 | 253 | 110 | 77 | 142 14 | 76 | 120 | 70 91 | 123 | 68 | 178 | 42 | 74 | 134138 | 35 | 14 | 09

79 | 3523035 | 55 166 | 60 | 21.8 | 98 76 | 1.28 18 | 58 | 164 | 90 153 | 187 | 91 | 143 | 23 | 46 | 369 |84 | 405| 14 | 32

80 | 3412736 | 66 165 | 63 | 231 | 88 74 | 12 12 | 70 | 144 | 80 96 | 133 | 66 | 184 | 38 | 64 | 202 | 4 | 372 | 1.8 | 09

81 | 3290627 | 50 166 | 65 | 236 | 109 | 83 | 1.32 12 | 87 | 160 | 100 124 1229 | 64 | 126 | 28 | 70 | 143 |57 | 376 | 21 | 17

82 | 727994 | 58 167 | 68 | 244 | 86 85 | 1.03 14 | 68 | 120 | 80 93 | 153 | 69 | 162 | 36 | 106 | 104 | 35| 33 | 22 | 08

83 | 3608528 | 50 164 | 68 | 253 | 105 | 75 | 14 12 | 70 | 90 | 60 172 1362 | 116 | 122 | 40 | 61 | 107 | 12 | 42 | 27 | 51

84 | 3541863 | 54 158 | 60 | 24 | 100 | 89 | 112 12 | 80 | 100 | 60 118 | 203 | 10.7 | 156 | 36 | 68 | 222 | 48 | 38 | 27 | 14

85 | 3441410 | 56 160 | 68 | 26.7 | 102 | 80 | 1.27 14 | 54 | 120 | 90 176 | 245 | 82 | 178 | 40 | 122 | 198 | 12 | 411 | 24 | 52

86 | 3632204 | 67 158 | 66 | 26.4 | 98 81 | 12 12 | 62 | 110 | 80 190 | 258 | 9 122 | 25| 68 | 142 | 98| 39 | 16 | 46

87 | 162625 | 68 166 | 65 | 23.6 | 89 62 | 142 14 | 64 | 114 | 62 197 | 280 | 7.2 | 100 | 28 | 46 | 120 | 14 | 404 | 12 | 68

88 | 742589 | 80 169 | 65 | 22.7 | 87 70 | 12 15| 68 | 164 | 90 176 | 278 | 7 162 | 46 | 64 | 154189 |39.7| 19 | 39

89 | 598872 | 57 170 | 86 | 29.8 | 88 79 | 125 15 | 70 | 110 | 60 1451198 | 68 | 100 | 38 | 36 | 120 | 78 | 38 | 26 | 28

90 | 656962 | 66 157 1 69 | 276 | 80 80 1 13 | 58 | 126 | 82 132 1200 | 67 | 128 | 37 | 48 | 98 | 84| 35 | 29 | 27

91 | 688822 | 78 170 | 80 | 26.8 | 90 81 | 111 16 | 72 | 144 | 70 162 | 212 | 71 | 158 | 28 | 58 | 178 | 9.7| 367 | 3 39

92 | 716987 | 68 164 | 89 | 331 ] 101 | 88 | 1.14 17 | 70 | 124 | 70 122 | 224 | 74 162 | 27 | 70 | 134 | 6.7 | 386 | 2.2 2

93 | 3541933 | 71 170 | 80 | 27.2 | 110 | 98 | 112 18 | 58 | 110 | 70 148 | 198 | 84 | 178 | 28 | 84 | 158 | 74| 39 | 24 | 27

94 | 1215217 | 64 166 | 60 | 29 98 67 | 1.46 12 | 68 | 150 | 90 170 | 224 | 86 | 132 | 39 | 56 | 142 | 12 | 37 | 14 | 48

95 | 2203899 | 55 164 | 89 | 331 | 97 77 1124 14| 79 | 164 | 90 124 1178 | 10.2 | 140 | 37 | 60 | 178 | 93| 33 | 14 | 28

96 | 3040334 | 73 165 | 76 | 279 | 99 | 112 | 0.87 11 | 80 | 124 | 70 165|236 | 9 172 | 34| 78 | 180 |83 |388| 22 | 34

97 | 665433 | 65 168 | 82 | 29.1 | 105 | 110 | 0.95 16 | 81 | 156 | 94 126 | 199 | 78 | 158 | 29 | 43 | 120 | 7 34 | 16 | 22

98 | 678955 | 77 164 | 70 | 26 | 110 | 112 | 0.98 15 | 74 | 124 | 80 134 | 186 | 68 | 132 | 30 | 48 | 16568 | 378 | 18 | 22

99 | 685202 | 67 168 | 76 | 271 | 112 | 84 | 1.27 12 | 79 | 112 | 80 124 | 174 | 66 | 108 | 32 | 40 | 168 36 | 22 | 24

(o]

NN N2 NN NN N2 ZZ NN mn RN
<<= <<= =< <] << =<|<|<|<|<|=<|<]|=<|=<|<[<|<]|<|<|<|<|<]|<|<|<|=<|<]|<|<
<| <<= << <] =< | << << [<| <] < | <] <] < | <] <| < | < [<]<| < | <] <] < | <[ <] < |<[<]=<
44444 rdrdrdrdrdrdrdrdrdrdrdrdbdrdrdbrdrdrdrdrdrd rdrdrdbdbrdbrd b
Z\ZzlZ|IZ|IZ|lZ|IZzIZzIZzZzZzZZ2IZ2IZ2IZIZIZ2IZ2IZ2Z2Z2Z222I2I12I12|12|122|12|2]|2
44444 rdrdrdrdrdrdrdrdrdrdrdrdbdrdrdbrdrdrdrdrdrd rdrdrdbdbrdbrd b
44444 rdrdrdrdrdrdrdrdrdrdrdrdbdrdrdrdrdrdrdrdrd rdrdrdbdbrdbrd b
Z\ZzlZ|IZ|IZ|lZ|IZzIZzIZzZzZZZ2IZ2Z2IZIZIZ2IZ2IZ2Z2Z2Z222I12I12|12|12|1212|12|2|2
44444 rdrdrdrdrdrdrdrdrdrdrdrdbdrdrdrdrdrdrdrdrd rdrdrdbdbrdbrd b
Z\ZzlZz|1Z|IZ|lZ|IZz|IZzZzZzZzZ2Z2IZ2Z2IZIZIZ2IZ2Z2Z2Z2222I2I212|12|122|12|2|2
Z\ZzlZz|IZ|IZ|lZ|IZzIZzIZzZzZZZ2IZ2Z2IZIZIZ2IZ2IZ2Z2Z2Z222I12I12|12|12|122|12|2|2
Z\ZzlZ|IZ|IZ|lZ|IZzIZzIZzZzZZZ2IZ2Z2IZIZIZ2IZ2IZ2Z2Z2222I12I12|12|12|12|2|12|2]|2
44444 rdrdrdrdrdrdrdrdrdrdrdrdbdrdrdrdrdrdrdrdrd rdrdrdbdbrdbrd b

Bl Bl = =
o|olo|o|o|u5IKIRK|e|xe|u|K|Blo|e|~|u|e|o5 s o|on wBo|oo|o| s s-

100 | 689068 | 57 170 | 88 | 305 | 98 88 | 111 14 | 58 | 100 | 56 112 | 188 | 7.2 | 120 | 28 | 62 | 100 | 6 37 | 176 | 17
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Annexure-111

ANNEXURE Il - KEY TO MASTER CHART

BP - Blood pressure

Cms - Centimeters

F - Female

FBS - Fasting blood sugar
HbAlc - Glycosylated haemoglobin
HDL - High density lipoprotein
IP/OP - In patient/Out patient
Kg/m? - Kilograms per square meter
Kgs - Kilograms

LDL - Low density lipoprotein

M - Male

mmHg - millimeters of mercury

N - Normal

PPBS - Post prandial blood sugar
T2 DM - Type 2 diabetes mellitus
Y - Yes
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