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ABSTRACT
Diabetes mellitus type II (formerly noninsulin-dependent diabetes mellitus (NIDDM) or adult-onset diabetes) is a metabolic dis-
order that is characterized by hyperglycemia (high blood sugar) in the context of insulin resistance and relative lack of insulin. 
Obesity is thought to be the primary cause of type 2 diabetes in people who are genetically predisposed to the disease (although 
this is not the case in people of East-Asian ancestry).
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INTRODUCTION

Diabetes mellitus (DM) is a syndrome of impaired carbo-
hydrate, fat and protein metabolism caused by either lack of 
insulin secretion or decreased sensitivity of the tissues to in-
sulin. Type I DM is also called as insulin dependent diabetes 
mellitus (IDDM) is caused by lack of insulin secretion. 

Type II DM is also called as non insulin dependent diabetes 
mellitus (NIDDM) is initially caused decreased sensitivity 
of target tissues to metabolic effects of insulin. This reduced 
insulin sensitivity of insulin is often called as Insulin resist-
ance1. Type II DM is the most common type of diabetes and 
usually associated with obesity. It usually develops after the 
age 402. 

The incidence of type II diabetes mellitus (Type II DM) 
is rapidly increasing worldwide and it constitutes a major 
health problem in both developed and developing countries3.
There is a great deal of evidence that both genetic and envi-
ronmental factors are of importance in the pathogenesis of 
Type II DM. Obesity, in particular the central obesity, physi-
cal inactivity, and a diet rich in saturated fatty acids increases 
the risk of type II DM4. 

Cardiovascular disease (CVD) is a major cause of morbidity 
and mortality in patients with type II DM having 2 to 4 times 

higher risk of developing CVD when compared to non dia-
betics. In diabetics cardiovascular complication occurs at an 
earlier age and often results in premature deaths5. 

Patients with type II DM are frequently affected by athero-
sclerotic vascular disease. Multiple factors contribute to this 
accelerated atherosclerosis in type II DM. These factors in-
clude dyslipidemia, obesity, hypertension, and insulin resist-
ance6-9. 

Lipid abnormalities are more common in type II DM and 
are aggravated with poor glycaemic control. The classical 
dyslipidemia in type II DM is so called atherogenic dyslipi-
demia. This is a constellation of lipid abnormalities which 
includes increased serum triglycerides (TG), increased low-
density lipoprotein cholesterol (LDL-C), and decreased 
high-density lipoprotein cholesterol (HDL-C) also known as 
“lipid triad” 10. 

Lipid abnormalities play an important role in the causation of 
diabetic atherosclerosis. Elevated levels of TG, cholesterol, 
and LDL-C increases the risk of atherogenesis and high lev-
els of HDL-C in contrast bear an inverse relationship to the 
risk of atherosclerosis and coronary heart disease (CHD) 11-12. 

Type II DM is associated with centralized and disharmo-
nious distribution of fat. There is a significant association 
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between regional fat distribution and CVD risk factors. Ab-
dominal or central adiposity is considered the most impor-
tant determinant of CVD and Type II DM13. Although imag-
ing techniques can accurately determine total body fat and 
its distribution in human but are not suitable for use in large 
population studies because of cost, irradiation exposure, and 
limited availability14. 

The use of simple anthropometric measurements seems to 
diagnose obesity in early stages due to its benefits in routine 
monitoring and assessment in patients. Some of the simple 
anthropometric measures used routinely includes Body mass 
index (BMI), Waist circumference (WC), Waist to hip ratio 
(WHR) 15, 16. 

BMI is widely used for classification of obesity, but it does 
not account for the variations of fat distributions. Waist cir-
cumference is the best simple anthropometric index of ab-
dominal visceral adipose tissue and also the best index for 
predicting CVD risks17. 

In India 50% of diabetics has hypertension (HTN).The fre-
quency of hypertension in diabetic population is almost 
twice as compared to non-diabetic general population7. In 
hypertensive patient with DM, atherosclerosis gets accel-
erated and its consequences get manifested earlier18. Both 
HTN and type II DM are recognised as independent CVD 
risk factors19. 

These risk factors have a great potential for prevention 
through modification of life style and dietary changes. 

REVIEW OF LITERATURE

Type II DM is due to insulin resistance or reduced insulin 
sensitivity, combined with relatively reduced insulin secre-
tion. There is a great deal of evidence that both genetic and 
environmental factors are of importance in the pathogenesis 
of Type II DM. Whereas the genetic factors are still poorly 
understood, numerous studies have shown that obesity (in 
particular, abdominal obesity), physical inactivity, a high-fat 
diet, and a diet rich in saturated fatty acids increases the risk 
of diabetes4. It is a chronic disease that requires long-term 
medical attention both to limit the development of its dev-
astating complications and to manage them when they do 
occur. 

Insulin resistance associated with obesity is induced by 
adipokinase, free fatty acids and chronic inflammation in 

adipose tissue. The pancreatic beta cells compensate for in-
sulin resistance by hypersecretion of insulin. However, at 
some point beta cell compensation is followed by beta cell 
failure and diabetes ensues20 (Fig. 1).

 
Figure 1: Showing basic mechanism of Insulin resistance and 
Type II diabetes.

The classic symptoms of diabetes are polyuria (frequent 
urination), polydipsia (increased thirst), polyphagia (in-
creased hunger), and weight loss. Other symptoms that are 
commonly present at diagnosis include a history of blurred 
vision, itchiness, peripheral neuropathy, recurrent vaginal 
infections, and fatigue. Many people, however, have no 
symptoms during the first few years and are diagnosed on 
routine testing. People with type II diabetes mellitus may 
rarely present with hyperosmolar hyperglycaemic state (a 
condition of very high blood sugar associated with a de-
creased level of consciousness and there is a great low 
blood pressure) (Fig 2)4. 
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Figure 2: Showing signs and Symptoms of type II Diabetes.

World health organization (WHO) has predicted that India 
would experience the largest increase (48% increase in total 
population and 168% increase in population with >65 years 
of age) in type II DM and would have the greatest number 
of diabetic individuals in the world by the year 2030 (31.7 
million in 2000 to 79.4 million in 2030) 21, 22.

CVD is the most prevalent complication of DM23. The age-
adjusted cardiovascular mortality is at least 2-fold higher in 
diabetic men than in non-diabetic subjects in the presence 
of many numbers of major risk factors24. The survival after 
myocardial infarction is worse in diabetic men and women25.

In general population, women experiences relative protec-
tion from myocardial infarction and usually develop coro-
nary artery disease (CAD) approximately 10 years later than 
men but diabetes blunts the cardiovascular benefits of female 
gender26. 

The incidence of death from cardiovascular causes in diabet-
ic subjects without a history of myocardial infarction during 
a 7-year follow-up was similar to the incidence observed in 
non-diabetic subjects with a history of myocardial infarction 
27. 

Coronary angiography is one of the most reliable procedures 
adopted to diagnose CAD and angiographic data on Indian 
patients with suspected CAD had revealed that triple vessel 
disease (TVD) was much higher in diabetes as compared to 
non-diabetics 28. 

These observations highlight the high prevalence of undiag-
nosed CVD in type II DM and the gravity of cardiovascular 

events in this population. The problem of undiagnosed dis-
ease is the result of lack of awareness by the patients of the 
strong association between diabetes and CVD. Multiple fac-
tors contribute to the accelerated atherosclerosis in diabetes. 
These factors include excess prevalence of risks such as dys-
lipidemia and advanced glycosylated end products, obesity, 
hypertension, and, the state of insulin resistance29 (Fig. 3). 

Figure 3: Pathogenesis of dyslipidemia31.

In type II DM there is a global dysfunction of lipoprotein 
metabolism. There is increased delivery of free fatty acids 
(FFA) to liver due to excess adipose efflux and impaired 
skeletal muscle uptake increases hepatic production of very 
low density lipoprotein (VLDL) and cholesterol ester syn-
thesis. Over production of triglyceride- rich lipoproteins and 
impaired clearance by lipoprotein lipase leads to hypertri-
glyceridemia in diabetes30. Triglyceride level tends to vary 
inversely with HDL levels as cholesterol ester transfer pro-
tein mediates exchange of cholesterol from HDL to VLDL. 

The combination of elevated triglycerides and low HDL 
is more common than elevated total and LDL cholesterol 
in diabetic patients with CAD. Increased concentration of 
small, dense LDL in diabetic person results from abnormal 
cholesterol and triglyceride transfer between VLDL, and 
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LDL and depends on increased levels of VLDL, particular-
ly when triglyceride concentration are higher than 130mg/
dl31. 

Small dense LDL-C is proatherogenic, first LDL-C moves 
into sub endothelium and is oxidized by macrophages and 
smooth muscle cells (stage 1 and 2). Release of growth fac-
tors cytokines attracts additional monocytes (stage 3 and 4). 
Foam cell accumulation and proliferation results in growth 
of the plaque (stage 6, 7, and8) 20, 32 (Fig.4).

Figure 4: Showing 7 stages of development of an atheroscle-
rotic plaque33. 

Atherosclerosis is the process underlying CVD, which in-
cludes coronary heart disease (CHD), myocardial infarc-
tion (MI), ischemic stroke, and peripheral vascular disease 
(PVD) 34. Atherosclerosis is the primary cause of death in 
patients with type II DM and it seems to be closely related to 
a specific cluster of lipid abnormalities, including low levels 
of HDL-C, increased numbers of small dense LDL-C, and 
elevated triglyceride levels11. 

The classical dyslipidemia in type II DM is so called athero-
genic dyslipidemia. This is a constellation of lipid abnormal-
ities also known as “lipid triad” 10. This risk is even greater 
when the lipid triad is accompanied by insulin resistance, a 
procoagulant state, and hypertension—a condition known 
as the cardiovascular dysmetabolic syndrome. Each of these 
abnormalities is associated with an increased risk for cardio-
vascular morbidity and mortality. 

Majority of Indian type II DM are dyslipidemic at baseline. 
The most common pattern of dyslipidemia is high LDL-C 
and low HDL-C among both males and females contributing 
to 22.7% and 33% patients of diabetic dyslipidemia, respec-
tively35, 36. 

The most prevalent problem among males is high LDL –C 
while among females low HDL –C emerged as a bigger 
threat. In Indian subjects with DM the lipid profile and pat-

tern is greatly influenced by the ethnic origin, food habit, 
nutritional status and lifestyle influences. There has been a 
quantum increase in the incidence of CAD amongst urban-
ites while the picture in rural India has changed very little, 
suggesting the major impact of lifestyle modifications on 
lipid profiles and the deleterious effect of the latter in caus-
ing accelerated and more extensive CAD as evident angio-
graphically37. 

Hypercholesterolemia, hypertriglyceridemia, elevated LDL-
C, and low HDL-C are generally accepted as strong risk fac-
tors for cardiovascular disease (CVD) and mortality38-40.

Several evidence has contributed to our current understand-
ing of the relationship between increase in plasma cholesterol 
and development of CHD. Premature atherosclerosis results 
from high cholesterol levels, even in the absence of other 
cardiovascular risk factors. Large population surveys have 
shown that plasma cholesterol level is predictive of CHD41.
In the Framingham study individuals below 50 years, cho-
lesterol level was directly related to cardiovascular mortal-
ity. The study highlights the profound effects of lipoprotein 
abnormalities on incidence of CAD in diabetics compared to 
non diabetics42. 

In a large prospective study, over 350,000 men aged 35 to 
57 years were followed for 6 years. A curvilinear relation-
ship between plasma cholesterol and coronary death rate was 
observed. If a risk ratio of 1 is assigned for a cholesterol 
level of 200 mg/dl, then at 250 mg/dl, the risk is doubled. 
This relation between cholesterol and CHD is not lost in the 
presence of other risk factors such as diabetes. The presence 
of diabetes further increased the risk of a given cholesterol 
level43. Because most cholesterol in plasma is transported 
in LDL and this is responsible for the correlation between 
plasma cholesterol and CHD. On the contrary some studies 
showed no significant difference in the lipids and lipoprotein 
profiles of diabetics and that of control 5. 

High-density lipoprotein cholesterol has been repeatedly 

shown to be an independent inverse predictor of CVD risk 
in epidemiological and observational studies, and patients 
with low HDL-C levels have been suggested to have a com-
parable CVD risk as those with high LDL-C levels44,45. The 
distribution of HDL-C levels varies with age, sex, race, and 
education. Women have higher levels of HDL-C than men. 

Alcohol consumption is directly related to HDL-C levels and 
an inverse relation between smoking and HDL-C levels has 
been reported. Low HDL-C represents a highly prevalent 
and potentially modifiable risk factor for CVD prevention 
in type II DM46, 47. 

The rise in triglyceride rich lipoprotein concentrations which 
normally occur after a fat containing meal is found to be 
greater in type II DM patients than in people without dia-
betes48. 
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Exaggerated postprandial spikes in glucose and lipid levels 
can lead to an excess of free radicals and trigger a cascade of 
endothelial dysfunction and sympathetic hyperactivity- this 
state is known as postprandial dysmetabolism, is an inde-
pendent predictor of CVD49, 50. 

In particular, these patients are characterized by an increased 

and prolonged postprandial response of both intestine- and 
liver-produced lipoproteins, especially of their remnant par-
ticles, which have been proven highly atherogenic32. Type II 
DM patients with very good blood glucose control and low 
fasting plasma triglyceride levels, well below 150 mg/dl, was 
indicated as optimal to reduce cardiovascular risk in diabetic 
patients51. 

Some studies showed that postprandial lipid abnormalities 
is present only in the type II diabetic patients with fasting 
hypertriglyceridemia (serum triglycerides, >150 mg/dl) 52, 53. 
Studies done on patients with established acute myocardial 
infarction (AMI) with or without diabetes showed serum tri-
glyceride level to be higher in diabetic groups whereas other 
lipid fraction were nearly similar and not significantly el-
evated. Also studies done on siblings of patients with CAD 
showed existing dyslipidemia in the sibling as compared to 
healthy28. 

Epidemiological evidence linking total plasma triglycerides 
to CVD risk has been the subject of much debate. Studies 
conducted on diabetic patients with and without CAD after 
an oral vitamin A fast load test showed no difference in me-
tabolism of post prandial lipoproteins in both groups and is 
not related to coronary artery disease54. In a similar study 
conducted on diabetic patients with and without CAD by 
measuring post prandial triglycerides showed no association 
with coronary artery disease55. 

The role of LDL-C in the development of CVD cannot be 
overemphasized as there is documented evidence that high 
level of LDL-C not only causes atherosclerosis but pharma-
cological interventions that reduce LDL-C cholesterol are 
associated with stabilization and regression of atherosclero-
sis in proportion to the cholesterol lowering achieved56. 

A problem with LDL-C and HDL-C, from a laboratory 
point of view, is that there is no widely accepted interna-
tional standard for LDL-C and HDL-C. This makes it hard 
to compare assays performed at different laboratories, and 
it limits the possibility to transfer target values for these 
analyses from one country to another. Apolipoproteins are 
important components of lipoprotein particles, and there is 
accumulating evidence that measurement of various forms 
of apolipoproteins may improve the prediction of the risk of 
cardiovascular disease. ApoB, which indicates the number 
of potentially atherogenic lipoprotein particles, and apoA-I, 
which reflects anti-atherogenic HDL-C particles, may be ad-
ditional lipid-related variables that more accurately indicate 
CVD risk than LDL-C57-59. 

Obesity has become a major worldwide epidemic affecting 
more than 300 million people, with changing food habits and 
increasing sedentary lifestyles, the prevalence of obesity has 
increased markedly3. Both absolute total fat and adipose tis-
sue distribution are closely associated hyperlipidemia and 
CVD60. 

Although overweight and obesity are associated with an in-
crease risk of type II DM and CVD, the pattern of fat distri-
bution is also important in risk stratification. Intra-abdomi-
nal (visceral) fat deposition is linked to an increased risk for 
developing DM and CVD compared with a more peripheral 
(subcutaneous) fat distribution61. 

However, it remains uncertain which pattern of obesity is 
more significant predictor of metabolic syndrome. Many 
studies discovered that fat distribution, rather than absolute 
total fat, is more closely associated with these risk factors60. 
Other studies however, found that total body fat, rather than 
its distribution, is strong predictor of metabolic risk62. 

Adipose tissue is now viewed as an active endocrine organ 
and not merely as energy depots. The visceral adipose tissue 
(VAT) accounts for approximately 15% of total body fat in 
lean subject and includes the intraperitoneal (mesenteric and 
omental) fat, which drains into the portal circulation and re-
troperitoneal fat, which drains into the systemic circulation. 

The aetiology of increased cardio metabolic risk in patients 
with increased VAT is not known, but there are many theories. 
The VAT is more insulin resistant, fuelling the hyperlipolytic 
state and worsening of insulin resistance. The increase in VAT 
mass possibly reflects the lack of capacity of subcutaneous tis-
sue to store the energy excess that accumulates in liver, mus-
cle, and pancreas, worsening insulin resistance63. 

Numerous cytokines are secreted from adipose tissue, in-
cluding proinflammatory molecules such as interleukin-6 
(IL-6), tumour necrosis factor-α (TNF-α). Plasma levels of 
C-reactive protein (CPR), an inflammatory factor produced 
by liver and known to correlate with atherosclerosis, are in-
creased in patients with visceral obesity64. It has been recent-
ly shown that the adipose tissue is infiltrated by macrophag-
es contributing to inflammatory processes. Adiponectin, a 
protein derived from the adipose tissue, is known to improve 
insulin sensitivity and may protect against atherosclerosis. 
Adiponectin levels are decreased in obesity and in viscerally 
obese patients65. 

Another contributing factor may be local generation of 
cortisone due to increased activity of 11β-hydroxysteroid 
dehydrogenase in the VAT, which may further increase fat 
deposition, worsen insulin resistance, and increase cardio 
metabolic risks66. 

There are many ways to measure total body fat; traditionally, 
the gold standard for estimation has been hydro densitometry 
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(underwater weighing), based on the fact that fat tissue is 
less dense than muscle and bone. Other methods used to as-
sess total body fat Dual–energy x-ray absortiometry (DXA) 
and body-fat distribution using computed tomography (CT) 
and magnetic resonance imaging (MRI) in humans are not 
suitable for use in large population studies because of cost, 
irradiation exposure, and limited availability, they are gener-
ally not appropriate outside specific research setting14. 

The use of simple anthropometric measurements seems to 
diagnose obesity in early stages. As a result, many attempts 
have been made to find out the most appropriate anthropo-
metric index in different studies.

BMI or Quetelet index, defined as weight/height2 is the 
most widely used and simple measure of body size, and fre-
quently used to estimate the prevalence of obesity within a 
population. A BMI ≥ 25 Kg/m2 is associated with increased 
morbidity, primarily from DM and CVD, while a BMI >30 
Kg/m2 is associated with increased risk for both morbidity 
and mortality, the latter mainly from diabetes, coronary heart 
disease (CHD), and stroke.

Rationale use of BMI is that it is supposed to closely corre-
late with tissue density, which in turn closely correlates with 
percent fat in body tissue (adiposity) obesity indices. An 
implicit assumption made in many epidemiologic analyses 
is that BMI alone is a sufficient measure of anthropometric 
effects. This is not necessarily true, however; whether BMI 
alone adequately captures the effect of anthropometric vari-
ables on health outcomes depends on many factors.

In particular, although BMI may capture most of the infor-
mation on the body composition contained in weight and 
height, it does not capture information on body size. Also in 
a muscular patients may have high BMIs but low fat mass, 
and in elderly, BMI may underestimate fat mass due to de-
crease in lean body mass67. 

Body fat distribution is an important risk factor for obesity 
related disease. Increased visceral adipose tissue (also called 
central or abdominal fat) is associated with increased risk 
for cardio metabolic disease. 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 adi-
pose tissue, and upper-body nonvisceral fat are the major 
contributors to the metabolic complication68. Central obe-
sity has been associated with decreased glucose tolerance, 
alteration in glucose insulin homeostasis, reduced metabolic 
clearance of insulin, and decreased insulin-stimulated glu-
cose disposal69. 

Waist Circumference is used as a surrogate marker of ab-
dominal fat mass. WC correlates with subcutaneous and vis-
ceral fat mass and is related to increased cardio metabolic 

risks. The National Heart, Lung and Blood Institute (NHL-
BI) recommended measuring WC along with BMI to assess 
patients risk stratification in subjects with a BMI between 25 
and 35 Kg/m2. Cut off points of WC that define higher risk 
for men and women based on ethnicity have been proposed 
by International Diabetes federation (IDF). 

Some studies have proposed that WC is a superior indica-
tor, because it requires only one measurement and is a better 
indicator of visceral fat and CVD risk14. There is a grow-
ing opinion that WC should be considered as a ‘vital sign’ 
and recorded in the same manner as weight and height in 
the medical chart of every patient. Also WC could replace 
both BMI and WHR as a simple indicator of need for weight 
management as a health promotion activity 70. 

Waist-to-hip ratio (WHR) is a common anthropometric in-
dex used to assess abdominal obesity. The WHO included a 
high WHR defined as a ratio > 0.9 in men and 0.85 in women 
as a criterion for diagnosing the metabolic risks. A higher 
WHR has been associated with increased cardiovascular and 
DM risk71. Some studies found that WHR is more accurate 
tool to diagnose patients with a higher CVD risk compared 
with WC and BMI, whereas other studies have found a bet-
ter correlation of cardio metabolic risks with WC compared 
with WHR14. WC provides a crude index of absolute amount 
of adipose tissue whereas WHR provides an index of relative 
accumulation of abdominal fat to generalized obesity 72.

More than three decades ago Harry Keen pinpointed two 
“bad companions” to diabetes: high blood glucose concen-
trations and high blood pressure, both associated with micro-
albuminuria73. HTN is a very common co morbid condition 
in diabetes and accounts for up to 85% of excess CVD risk. 
Patients with hypertension are more prone to diabetes than 
are normotensive patients. When HTN coexist with diabetes, 
the risk of development of CVD is doubled3. 

In type II DM, HTN usually clusters with the other compo-
nents of cardio metabolic syndrome, such as central obesity, 
insulin resistance, dyslipidemia, hypercoagulation, increased 
inflammation and hyperuricemia.HTN in individuals with 
diabetes has characteristic features, including volume ex-
pansion, increased salt sensitivity, isolated systolic hyperten-
sion, loss of nocturnal dipping of blood pressure, increased 
propensity towards orthostatic hypotension and albuminuria. 

The association between HTN and insulin resistance, and the 
resultant hyperinsulinemia is well established. In untreated 
patients with essential HTN, fasting and postprandial insulin 
levels were higher than in normotensive controls. Sensitively 
to dietary salt intake is greatest in elderly and diabetics, this 
is particularly important to consider in the management of 
HTN in patients with diabetes. 

Patients with diabetes have loss of nocturnal dipping of 
blood pressure (BP), as demonstrated by 24 hour ambulatory 
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monitoring of BP. This is particularly important since loss 
of nocturnal dipping conveys excessive risk for stroke and 
myocardial infarction. With the progression of atherosclero-
sis in patients with diabetes, the larger arteries lose elasticity 
and become rigid. 

The systolic blood pressure (SBP) increases disproportion-
ately because the arterial system is incapable of expansion 
for any given volume of blood ejected from the left ventricle, 
leading to isolated systolic HTN3. Also there is a progressive 
increase in the prevalence of elevated blood pressure with 
adipose tissue74, 75. 

Metabolic syndrome consists of a cluster of risk factors 
strongly associated with an increased risk for atherosclerotic 
cardiovascular disease and type II DM 76. The metabolic risk 
factors consist of a specific pattern of hyperlipidemia (el-
evated serum levels of triglycerides and apolipoprotein B, 
small LDL-C, and low levels of serum HDL-C), elevated BP, 
elevated plasma glucose concentration, a proinflammatory 
state, and a prothrombotic state77, 78. 

Central obesity is a key feature of the syndrome, reflect-
ing the fact that the syndrome’s prevalence is driven by the 
strong relationship between WC and increasing adiposity. 
The diagnostic criteria for metabolic syndrome that could 
be easily implemented in clinical practice. These criteria in-
clude WC, blood pressure measurements, and serum levels 
of triglycerides, HDL-C, and fasting glucose4. 

CONCLUSIONS

• Type II DM often coexists with dyslipidemia, hyper-
tension and obesity particularly abdominal obesity and 
simultaneously increases the risk of development of 
CVD.

• Also in the present study BMI and WC had a positive 
correlation with total cholesterol, triglycerides, LDL-
C, VLDL, FBS, and BP and negative correlation with 
HDL-C.

• Thus simple anthropometric measures like BMI and 
WC can independently contribute to the prediction of 
risk factors of CVD and can be routinely used to iden-
tify those at risk

• Type 2 diabetes is typically a chronic disease associ-
ated with a ten-year-shorter life expectancy.

This is partly due to a number of complications with which 
it is associated, including: two to four times the risk of car-
diovascular disease, including ischemic heart disease and 
stroke; a 20-fold increase in lower limb amputations, and 
increased rates of hospitalizations. 

In the developed world, and increasingly elsewhere, type 2 
diabetes is the largest cause of nontraumatic blindness and 
kidney failure. It has also been associated with an increased 
risk of cognitive dysfunction and dementia through disease 
processes such as Alzheimer’s disease and vascular demen-

tia. Other complications include acanthosis nigricans, sexual 
dysfunction, and frequent infections. 

So, Efforts should be made to continuously educate the pop-
ulace on diabetics, its management, feeding and lifestyles. 
Diabetes is spreading like an epidemic all over the world. 
As is wisely said “prevention is better than cure” we need 
cautious evaluation of various risk factors so that appropri-
ate measures can be taken timely, in order to prevent grave 
consequences.

The Lifestyle modifications, inclusive of dietary modifica-
tion, regular physical activity and weight reduction are indi-
cated for prevention of diabetes.

Low fat diet, daily exercise and lifestyle modification along 
with healthy weight reduction programme significantly re-
duces the incidence of type II diabetes mellitus, thereby pre-
venting morbidity and or mortality related to the disease and 
its grave complications.

ACKNOWLEDGEMENT

Dr. Ingle is grateful to the past and present members of his 
laboratory for their contributions to his studies. He is very 
much thankful to his journal team of IJCRR for invaluable 
suggestions and guidelines throughout the publication pro-
cess of the manuscript. He also wishes to express his grati-
tude to several investigators worldwide for their collabora-
tions. Indeed, he is Grateful to his Chief Patron & Executive 
president Hon.Prof V.D. Karad sir and Patron Hon. Execu-
tive director Shri Ramesh Appa Karad for their constant and 
strong support throughout my academic journey.

REFERENCES
1. Chitra R Hinge(Ingle), Baban D Adgaonkar and Sachin B Ingle,  

Study of waist circumference and lipid profile in type 2 diabetes 
as compared to healthy individuals Biomedicine 2016;36(3):82-
89

2. Ganong’s Review of medical physiology. 24th edition; 2012:449-
450.

3. Paul Z and Robert JS. Diabetes- A world wide problem. In: Kahn 
CR, Weis GC, George LK, Jacobson AM, Mose AC, and Smith 
JR, editors. Joslin’s Diabetes Mellitus. 14th ed. Place: Bi publica-
tion PVT LTD; 2006:525-529.

4. Harrisons Principles of internal medicine.18th edi-
tion;2012:2968-3000.

5. Ugwa CE, Ezeanyika LUS, Daikwo MA and Amana R. Lipid 
profile of a population of diabetic patients attending Nigerian 
petroleum corporation clinic, Abuja. African Journal of Bio-
chemistry Research 2009 Mar 20; 3(3):066-069.

6. Steinberger MD, Stephen R. Daniel. Obesity, insulin resist-
ance, Diabetes and cardiovascular risk in children.Circulation 
2003;107:1448-1453.

7. Kannel WB, Cupples LA, Ramaswami R,  Stokes J, Kreger BE, 
Higgins M. Regional obesity and risk of cardiovascular disease; 
the Framingham Study. J Clin Epidemiol 1991;44:183-190.



Int J Cur Res Rev   | Vol 10 • Issue 10 • May 2018 8

Hinge et.al.: Body mass index, blood pressure and lipid profile in type 2 diabetes-review

8. Arya SN. Hypertension in diabetic patients-Emerging trends. J 
Indian Acad Clin Med 2003 April; 4(2):96-102.

9. Ishikawa-Takata K, Ohta T, Moritaki K, Gotou T and Inoue S. 
Obesity, weight change and risk for hypertension, diabetes and 
hypercholesterolemia in Japanese men. Euro J Clin Nutr 2002; 
56:601-607.

10. Rizzo M and Berneis K. Lipid triad or atherogenic lipoprotein 
phenotype: A role in cardiovascular prevention. J Atherosclero-
sis Thromb 2005 June 29; 12(5):237-239.

11. Ballantyne CM. Hyperlipidemia: Diagnostic and Therapeutic 
Perspectives. The J Clin Endocrinol Metab 2000; 85(6):2089-
2112.

12. Yalamanchali Himabindu, Manne Sriharibabu, Katam Reddy, 
Alekhya et al.Correlations between anthropometry and li-
pid profile in type II diabetics. Indian J. endocrinol metab 
2013;17(4):727-729.

13. Williams SR, Jones E, Bell W, Davies B, and Bourne MW. Body 
habitus and coronary heart disease in men: A review with refer-
ence to methods of body habitus assessment. Eur Heart J 1997; 
18(3): 376-393.

14. Ness-AR, and Caroline MA. Waist circumference measurement 
in clinical practice. Nutr Clin Pract 2008 Aug; 23(4):397-404.

15. Vazquez G, Duval S, Jacobs DR, and Silventoinen K. Compari-
son of body mass index, waist circumference, and waist/hip ratio 
in predicting incident diabetes: A meta analysis. Epidemiologi-
cal reviews 2007 May 10; 42(6):1-14.

16. Raja Reddy P, Jayarama N. and Mahesh V.Study of anthropo-
metric variables and lipid profile in Diabetics and Nondiabetics 
in rural Kolar. International Journal of basic and applied medical 
sciences 2013;3(2):263-266.

17. Janssen I, Katzmarzyk PT, and Robert R. Body mass index, 
waist circumference and health risk. Arch Intern Med 2002 Oct 
14; 162: 2074-2079.

18. Maiti R, and Agrawal NK. Atherosclerosis in diabetes- Role of 
inflammation. Indian J Med Sci 2007; 61(5):292-306.

19. Goyal RK, Gandhi TP, and Satia MC. Role of hypertension con-
trol in diabetes mellitus and agents of choice. Indian Journal of 
pharmacology 1993; 25:181-187.

20. Text book of Robbins and Cotran Pathological basis of disease.8th 
edition;2012:1131-1145.

21. Vijayakumar G, Arun R and Kutty VR. High prevalence of type 
II Diabetes Mellitus and other metabolic disorder in rural central 
kerala. J Assoc Phys India 2009 Aug; 57:563-567.

22. Das SK. Genetic epidemiology of adult onset type II diabetes 
in Asian Indian population: Past, Present and Future. Int J Hum 
genet 2006; 6(1):1-13.

23. Arghag D and Moordian. Cardiovascular diseases in type II dia-
betes mellitus. Arch Intern Med 2003; 163:33-40.

24. Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes, 
other risk factors, and 12-yr cardiovascular mortality for men 
screened in the Multiple Risk Factor Intervention Trial. Diabetes 
Care 1993; 16:434-444.

25. Sprafka JM, Burke Gl, Folsom AR, McGovern PG, Hahn LP. 
Trends in prevalence of diabetes mellitus in patients with myo-
cardial infarction and effect of diabetes on survival: the Minne-
sota Heart Survey. Diabetes Care 1991; 14:537-543.

26. Donna MP and Tasneem ZN. Cardiovascular disease in women: 
Sex difference in presentation, risk factors and evaluation. Curr 
Cardiol Rep 2005; 7:166-172.

27. Steven MH, Seppo L, Tapani R, kalevi P, and Markku L. Mortal-
ity from coronary heart disease in subjects with type II diabetes 
and in non diabetic subjects with or without prior myocardial 
infarction. N Engl J Med 1998; 339:229-234.

28. Das S. Lipids, diabetes and coronary artery disease in Indians. 
Int J Diab Dev Countries 2004; 24:87-95.

29. James HO, Maia D, and Carl LJ. Primary and secondary preven-
tion of cardiovascular diseases: A practical evidence- based ap-
proach. Mayo Clin Proc 2009 Aug; 84(8):741-757.

30. Barbara HV. Lipoprotein metabolism in Diabetes mellitus. J Li-
pid Res 1987; 28:613-628.

31. Douglas PZ, Libby P, Robert OB, Douglas LM, editors. Braun-
wald’s heart disease – A Text book of Cardiovascular Medicine. 
8th ed; Philadelphia: Elsevier Saunders; 2008: 985-1002.

32. Kenneth CW and Allen Cooper D. Postprandial lipoproteins and 
atherosclerosis. Front Biosci 2001 march 1; 6:332-354.

33. Libby P and Pierre T. Pathophysiology of coronary artery dis-
ease. Circulation 2005; 111:3481-3488.

34. Boyle JJ. Macrophage activation in atherosclerosis: pathogen-
esis and pharmacology of plague rupture. Curr Vasc Pharmacol 
2005; 3:63-68.

35. V. Mohan and R Pradeepa. Epidemiology of Diabetes in differ-
ent regions of India. Health administrator 2009;22(1,2):1-18

36. Sandeep Singh, Ajaypal Singh, Manish Kishore Multani, Ashish 
Purohit. Clinical and biochemical profile of Indians with type II 
diabetes mellitus: A problem lurking for India. Tropical Journal 
of medical Research 2014;17(6):91-98.

37. Lt Gen Mehta SR, Col Kashyap AS, and Lt Col Das S. Diabetes 
Mellitus in India: The Modern Scourge. Medical Journal Armed 
Forces India 2009; 65:50-54.

38. Evans M, Roberts A, Davies S and Rees A. Medical lipid-regu-
lating therapy: current evidence, ongoing trials and future devel-
opments. Drugs 2004; 64:1181- 1196.

39. Dean BB, Borenstein JE, Henning JM, Knight K and Merz CN. 
Can change in high-density lipoprotein cholesterol levels reduce 
cardiovascular risk? Am Heart J 2004 Jun; 147(6):939-941.

40. Walldius G and Jungner I. Apolipoprotein B and apolipoprotein 
A1: risk indicator of coronary heart disease and targets for lipid 
modifying therapy. Journal of Internal Medicine 2004; 255:188.

41. Steven HM, Seppo L, Tapani R, Kalevi P, and Markku L. Mor-
tality from coronary heart disease in subjects with type II diabe-
tes Mellitus and nondiabetic subjects with and without prior my-
ocardial infarction. N Engl J Med 1998 July 23; 339(4):229-234.

42. Preis SR, Pencina MJ, Hwang SJ, Ralph BD, Savage PJ, Levy 
D et al. Trends in cardiovascular disease risk factors in individu-
als with and without diabetes mellitus in the Framingham Heart 
study. Circulation 2009; 120:212-220.

43. Turner RC, Millins H, Neil HW, Stratton M, Mathews DR and 
Holman RR. Risk factor for coronary artery disease in non in-
sulin dependent diabetes mellitus: United Kingdom prospective 
diabetes study (UKPDS). BMJ. 1998; 316:823-828.

44. Richard GW and James MB. Prevalence and treatment of low 
HDL cholesterol among primary care patients with type II dia-
betes. Diabetes Care 2007; 30:479-484.

45. Haseeb AK. Clinical significance of HbA1c as a marker of cir-
culating lipids in male and females tye II diabetic patients. Acta 
Diabetol 2007; 44:193-200.

46. Shai l, Robinson F, Basil R, Margaret C, Richard M, Dale W, 
Clifford J et al. High density lipoprotein cholesterol levels 
among us adults by selected demographic and socioeconomic 
variables. Am J Epidemiol 1976; 129(2):281-294.

47. Kumiko O, Michael K, Yoshimichi S, Paul W, Ichiro I and 
George C. Factors associated with high density lipoprotein cho-
lesterol in Japanese and American Telephone Executives. Am J 
Epidemiol 1991; 134(2): 137-148.

48. Atonio C. The post-prandial state and cardiovascular disease: 
relevance to diabetes mellitus. Diabetes Metab Res Rev 2000; 
16:125-132.



  Int J Cur Res Rev | Vol 10 • Issue 10 • May 20189

Hinge et.al.: Body mass index, blood pressure and lipid profile in type 2 diabetes-review

49. Breuer HW. Hypertriglyceridemia: a review of clinical relevance 
and treatment options: focus on cerivastatin. Curr med Res Opin 
2001; 17(1):60-73. 

50. Gotto AM. Triglyceride as a risk factor for coronary disease. Am 
J Cardiol 1998 Nov 5; 82(9A): 22-25.

51. Angela RA, Claudia DN, Lucrezia DM, Lidia P, Ciro I, Silvana 
C et al. Exogenous and endogenous postprandial lipid abnor-
malities in type II diabetic patients with optimal blood glucose 
control and optimal fasting triglyceride levels. J Clin Endo Me-
tab 2004; 89(5):2153-2159.

52. Lewis GF, O’Meara NM, Soltys PA, Blackman JD, Iverius PH, 
Pugh WL et al. Fasting hypertriglyceridemia in non insulin de-
pendent diabetes mellitus is an important predictor of postpran-
dial lipid and lipoprotein abnormalities. J Clin Endo Metab 1990 
June 7; 72(4):934-944.

53. Chen YD, Swami S, Skowronski R, Coulston A and Reaven 
GM. Difference in postprandial lipemia between patients with 
normal glucose tolerance and noninsulin-dependent diabetes 
mellitus..  J Clin Endo Metab 1993; 76:172-177.

54. Syvanne M, Hilden H and Taskinen MR. Abnormal metabolism 
of postprandial lipoproteins in patients with non-insulin-depend-
ent diabetes mellitus is not related to coronary artery disease. J 
Lipid Res 1994; 35:15-26.

55. Gissette Reyes-Soffer, Steve Holleran, Wahida Karmally, Col-
leen Ngai, Neim-Tzuchan, Margarita Torres et al. Measures of 
postprandial lipoproteins are not associated with coronary artery 
disease in patients with type II diabetes mellitus. J Lipid Res 
2009 Sept; 50:1901-1909.

56. Goran W and Ingmar J. Rationale for using apolipoprotein B and 
apolipoprotein A-1 as indicators of cardiac risk and as targets for 
lipid-lowering therapy. Eur Heart J 2005; 26: 210-212. 

57. Sarah P, Richard P, Alison P, Robert C, Sarah L, Alison O et 
al. The joint effects of apolipoprotein B, apolipoprotein A1, 
LDL cholesterol, and HDL cholesterol on risk: 3510 cases of 
acute myocardial infarction and 9805 cases Eur Heart J 2009; 
30:2137-2146.

58. Ana MW, Antonio P, Edgar Z, and Jordi OL. Non-HDL Choles-
terol and Apolipoprotein B in the dyslipiemic classification of 
type II Diabetic patients. Diabetes Care 2003 July; 26(7):2048-
2051.

59. Gosta F, Samar B and Anders L. Apolipoprotein A1 is a stronger 
prognostic merker than are HDL and LDL Cholesterol for car-
diovascular disease and mortality in elderly men. Journal of Ger-
ontology 2006; 61A(12):1262-1266.

60. Youfa W, Eeric BR, Meir JS, Walter CW and Frank BH. Com-
parison of abdominal adiposity and overall obesity in predicting 
risk of type II diabetes mellitus among men. Am J Clin Nutr 
2005; 81:555-563.

61. Kathryn RM, Vincent CJ, Charles HH, Ellen WE, Graham AC, 
Meir SJ et al. Abdominal adiposity and coronary heart disease in 
women. JAMA 1998; 280(21):1843-1848.

62. Ian J, Steven H, David AB, Donald K and Robert R. Body mass 
index and waist circumference independendly contribute to pre-
diction of nonabdominal, abdominal subcutaneous, and visceral 
fat. Am J Clin Nutr 2002; 75:683-688.

63. Philipp SE. Adipose tissue: From lipid storage compartment to 
endocrine organ. Diabetes 2006 June; 55:1537-1545.

64. Ridker PM, Rifai N and Cook NR. Non HDL cholesterol, Apoli-
poproteins A! And B100, Standard lipid measures, lipid ratios 
and CRP as risk factors for cardiovascular disease in women. 
JAMA 2005; 294:326-333.

65. Luigi F, Cristopher E, Maria T, Philipp S and Samuel K. Visceral 
fat adipokinine secretion is associated with systemic inflamma-
tion in obese humans. Diabetes 2007 April; 56:1010-1013.

66. Eva R, Braian W, Stefan S, Dawn L, Mats E, Owe J et al. Tis-
sue specific changes in peripheral cortisol metabolism in obese 
women: increased adipose 11β-hydroxysteroid dehydrogenase 
type1 activity. J Clin Endo Metab 2002; 87(7):3330-3336.

67. Karin BM, Sander G and Bernard R. Does body mass index 
adequately captures the relation of body composition and body 
size to health outcomes. Am J Epidemiol 1998; 147(2):167-172.

68. Amalia G. Abdominal fat: does it predict the development of 
type II diabetes. Am J Clin Nutr 2008; 87:1118-1119.

69. Eric R, Meir S, Edward G, Alberto A, Donna S, Graham C, and 
Walter W. Body size and fat distribution as predictor of coronary 
heart disease among middle aged and older US men. Am J Epi-
demiol 1995; 141(12):1117-1127.

70. Helke MF, Fahim A and Gerald R. Body mass index and waist 
circumference both contribute to difference in insulin mediated 
glucose disposal in nondiabetic adults. Am J Clin Nutr 2006; 
83:47-51.

71. Ho SC, Chen YM, Woo JL, Leung SSF, Lam TH, and Jannus 
ED. Association between simple anthropometric indices and 
cardiovascular risk factors. Int J Obes 2001; 25:1689-1697.

72. Bektas MY, Erkan MS and Ersa Y. Which anthropometric meas-
urements are most closely related to elevated blood pressure? 
Family Practice 2005; 22:541-547.

73. Carl EM. Combined high blood pressure and glucose in type II 
diabetes: double jeopardy. BMJ. 1998; 317(12):693-694.

74. Paul P, Isabelle L, Pascale M, Eric D, Carole B, Jean B et al. 
Impact of waist circumference on relationship between blood 
pressure and insulin. Hypertension 2005; 45:363-367.

75. Dorothy B, Jean PH, Ethan SA, David S and Sidney A. Evidence 
for an increase risk for hypertension with centrally located body 
fat and effect of race and sex on this risk. Am J Epidemiol 1984; 
119(4):526-540.

76. Johan S, Eric V, Riserus Ul, Lisa B, Bjorn Z, Cristian B, et al. 
Risk associated with the metabolic syndrome versus the sum 
of its individual components. Diabetes Care 2006; 29(7):1673-
1674.

77. Anderson PJ, Critchley JAJH, chan JCN, Cockram CS, Lee 
ZSK, Thomas GN and Tomlinson B. Factor analysis of meta-
bolic syndrome: obesity vs. insulin resistance as the central ab-
normality. Int J Obes 2001; 25:1782-1788.

78. Eriksson J, Lindstrom J, Valle T, Aunolaz S, Hamalainenz H, 
IIanne-Parikkas P, et al. Prevention of type II diabetes in subjects 
with impaired glucose tolerance: the Diabetes Prevention Study 
(DPS) in Finland. Diabetologia 1999; 42:793-801.

79. Trinder, P. Ann Clin biochem. 1969;6(24).


