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Chapter-1 

INTRODUCTION 

 

 A condition in which body is producing insulin but is not able to use it properly, is 

called insulin resistance. After meal, a minute amount of insulin is released and it helps to 

transport glucose into the body cells where it is requisite for the production of energy 

(Courtney and Olefsky, 2007).  

 When people are resistant to insulin their liver, fat and muscles cells do not give 

response to insulin properly. As a result the body requires more insulin to help glucose to 

enter the cells. The pancrease tries to keep up with this increased demand for insulin by 

producing more. Eventually, the pancreas fails to keep up with the body’s need for insulin.  

Excessive glucose accumulates in the blood causing the disease of diabetes. Many people 

with insulin resistance have high levels of both insulin and glucose circulating in their 

blood at the same time (WWWdiabetes. niddk. nih. gov/).   

 Low insulin sensitivity with selective loss of release of insulin identify the 

individuals who are at increased risk of developing type 2 diabetes (Prato et al., 2005). 

When an individual does not produce enough insulin to balance for the rise of glucose, type 

2 diabetes occurs. Insulin resistant people have 5 times increased risks of developing type 2 

diabetes (Reaven, 1995). Ishizaka et al. suggested in 2003 the possibility of increased 

resistance for insulin could be a risk factor of carotid arteriosclerosis in individuals with 

normal fasting glucose and with normal glucose tolerance.  

 Worldwide people diagnosed with diabetes are increasing promptly and have come 

to reached epidemic status. In 2002 the number of individuals estimated with diabetes was 

151 million. It is expected that this number will increase to 221 million till 2010 and upto 

300 million till 2025(Morish et al., 2001). In these cases, type 2 diabetes (that is, diabetes 

characterized by insulin resistance) is the most rampant in both developed and developing 

countries (Kirpichnikov and Sowers 2001) 

 Diabetes is linked with both microvascular and macrovascular diseases. Several 

organs are affected by it, including heart, muscle, brain, skin and kidneys. Different types 

of vascular diseases associated with diabetes are linked by a common etiology. For 
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vascular disease in diabetic people especially in type 2 diabetes the common risk factors 

include hyperglycemia, dyslipidemia, hypertension, tobacco use, insulin resistance and 

obesity (Fox et al., 2006).  

 In diabetes vascular disease mechanism involves impaired vasodilator response 

because of inhibition of nitric oxide, smooth muscle cell malfunction, advance glycation 

end product assimilation, oversecretion of endothelial growth factor hemodynamic 

dysregulation, chronic inflammation enhanced platelet aggregation and impaired 

fibrinolytic ability (Cade 2008).  

 The American heart association describes that 65% diabetic patients die because of 

diseases of cardiovascular origin. Insulin resistance enhances the risk of developing type 2 

diabetes and cardiovascular diseases (Zachary 2007). Resistance to insulin can affect the 

body's lipids proportion, significantly enhancing the amount of small dense lipoproteins 

and triglycerides in the blood and also decreasing the quantity of high density lipoprotein, 

the “good cholesterol”.  

 A person risks of formation of blood clots also increases with insulin resistance and 

in turn blood pressure increases. Insulin resistance is not a specific diagnostic or a disease 

but it is linked with the conditions like cardiovascular diseases, polycystic ovarian 

syndrome, hypertension, obesity and type 2 diabetes(Uruska et al., 2010).  

 Fasting proinuslin is linked with all CVD mortality which is independent of insulin 

resistance and glucose tolerance and largely independent of other factors related to CVD 

(Alssema et al., 2005).  

 Insulin resistance mediates atherosclerosis largely by its affect on endothelial 

function. Blood pressure and insulin sensitivity are directly related, the higher the blood 

pressure, the less the sensitivity to insulin. Studies indicate that endothelial functions and 

insulin sensitivity are inversely related (Tilg and Moschen 2008). A person with no insulin 

resistance and normal healthy endothelium has normal vascular tone which acts as a barrier 

to the degradation of LDL. This results in reduced migration of smooth muscle cell which 

is important in avoiding plaque buildup. Additionally there is less platelet and leukocyte 

adhesion (De Luca and Olefsky 2008).  

 

 However, when endothelial dysfunction occurs because of insulin resistance, these 
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protective mechanisms cease. This causes increased platelet adhesion, vasoconstriction, 

increased smooth muscle migration, reduced lipid clearance and increased lipid deposition. 

Endothelium activity is directly affected by insulin resistance.  

 Typical findings in insulin resistant patients are low HDL, high triglycerides and 

normal to slightly increased LDL. This happens because fat cells are affected by insulin 

resistance resulting in some enzymes to break fats, releasing fatty acids which then go to 

the liver (Walcher and Marx 2004). The fatty acids enhanced the production of 

triglycerides which then enter the circulation while simultaneously increasing the secretion 

of carrier protein low density lipoprotein (LDL) (Hodgkinson et al., 2008). When the 

triglycerides are in blood carried by VLDL, there is transfer of cholesterol ester from HDL 

to the triglyceride and VLDL leave VLDL and HDL is replaced by the cholesterol ester 

(Fonseca 2003).  

 In the same time, newly formed the VLDL triglyceride is exchanged for ester of 

cholesterol in LDL and produces small dense lipoproteins. This bidirectional transfer of 

triglyceride leads to elevated triglyceride levels. Thus HDL is easily breakdown and 

excreted by the kidney (Montagnami et al., 2002). In this way HDL level is reduced. Lipid 

changes can cause deposits of fatty plaque in arteries and results in the CVD (Reaven et al., 

2004).  

  Cardiovascular disease (CVD) includes cerebro-vascular diseases; peripheral artery 

disease, coronary heart disease (heart attacks), raised blood pressure, rheumatic heart 

disease, coronary heart disease, heart failure and congenital heart disease. Globally the 

number one death cause is CVD and is expected to remain so. It was estimated in 2005, 

17.5 million people died due to cardiovascular disease, setting 30% of world wide deaths. 

Out of these heart attack caused 7.6 million deaths and deaths due to stroke were 5.7 

million. It is estimated if these trend continue, 20 million people will die because of CVD 

(Majority by strokes and heart attack) in 2015 (Lioyd et al., 2009). 

 Blockage causes the occurrence of stroke and heart attack that stop the blood from 

flowing to brain or to heart.  

 Accumulation of fatty deposits on blood vessels inner walls that supply the brain or 

heart, is the most Common cause.  Atherosclerosis is the narrowing and less flexibility of 

blood vessels or hardened arteries. Blood clotss then more likely to block the blood vessels. 
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When it occurs, brain and heart are not supplied blood by blocked vessels which then 

become breakdown (kolodgie et al., 2003). This shows that glucose plays a crucial role by 

glycating the proteins in whole body including LDL. One study showed that the more 

advanced the glycations the more the likelihood of occurring 2 and 3 coronary vessel 

diseases (Lima et al., 2008). The process which connects chronic hypercylycemia with 

physiopathological alterations series is called Maillard reaction or non enzymatic protein 

glycation.  

 The non-enzymatic glycation of proteins, or the Maillard reaction, is a process 

which links chronic hyperglycemia to a series of physiopathological changes. It is 

considered important in the production of chronic complications of diabetes and other 

diseases (Takeuchi et al., 2004). Louis Camille Maillard in 1912, described in food the 

browning of proteins naming it the Maillard reaction. Their further rearrangement, gives 

rise to a stable amadori product. These products break down into different variety of 

compounds which are more reactive than the sugars from which they are formed (Wautier 

and Schmidt, 2004).  

 Propagators again form fluorescent, yellow-brown irreversible compounds, termed 

as advanced glycation end products (AGEs). Active AGEs compounds consist of N-L-

Lysine (CML) (Reddy et al., 1995), pendtosidence, pyrraline (Friedlander et al., 1996) and 

other crosslinks (Bliesener et al., 1995; Sell and Monnier, 1999; Kaysen, 2001).  

           Most of AGEs are very reactive, unstable compounds and their end products are 

analyzed with much difficulty. These concentrate on proteins and cause destruction 

(Baynes and Thorpe, 1999). The brown color of AGE is probably due to melanoidins, a 

name proposed by Maillard. AGEs can be produced in many condtions during cooking, 

fermentation and just oxidation in the atmosphere (Wautier and Guillausseau, 2001). In 

Amadori products, the extent to which the protein is bound is proportional to the duration 

and degree of hyperglycemia (Vlassara, 1996). As AGEs are the structure with diverse 

group and formed exogenously by cooking or heating sugars with proteins or fats 

(Koschinsky et al., 1997; Pischetsrieder, 2000) or endogenously by normal metabolism, 

and aging. AGE may be more or less reactive than the original sugars from which they are 

formed. It becomes 200 times more immunoreactive when food is cooked (Koschinsky et 

al., 1997).   
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 An important characteristic of AGEs is the capability to form crosslinks, a process 

which cause changes in integrity and cellular structure. These changes may have significant 

effect on cellular barrier function. Furthermore non enzymatic glycoxidiation of associated 

structures of basement membrane may inhibit their facilitation with cell and changes in the 

growth factors may inhibit their mutagenic activity (Degenhardt et al., 1997; 

Pischetsrieder, 2000). These receptor independent factors play essential roles in the 

creation of cellular perturbation especially for long period of time (Zhang et al., 2005). 

Niwa et al. (1997) described that some imidazolones, the products of guanidino group of 

arginine with 3-deoxyglucosane, are common epitopes of proteins which are modified by 

AGEs formed in vitro and are raised in erythrocytes in patients with diabetes. Through 

histopathological immunological techniques, imidazolone has been noticed in nodular 

lesions and they are expanded mesangial matrix of renal arteries and glomeruli in diabetic. 

An oxidative product of protein which are glycated are CML. They form foam cells which 

accumulate in arteries, atherosclerotic plaques and serum proteins in patients with diabetes 

which shows that it is an endogenous marker of oxidative tissue damage and 

glomerulopathy in patients with diabetes (Schleicher et al., 1997).  

 Interestingly these reactors are affected by individual genetic background, although, 

genes responsible are not known (Bohlender et al., 2005). AGEs stimulates apoptosis cause 

excessive loss of cells and contributes further to the degradation. AGEs up regulate some 

genes that are involved in reaction of inflammation reactions (Dukic et al., 2001). Cells in 

body from tissue such as liver, lungs, kidney or peripheral blood have the receptors for the 

AGEs. These are called RAGE which after binding to AGEs contributes insulin resistance 

related inflammatory diseases such as asthma, atherosclerosis, arthritis nephropathy, 

neuropathy, myocardial infaraction or retinopathy (Wells-Knecht et al., 1995).  

 There have a wide range of cellular chemical and tissue effects contribute to the 

development of disease complications (Soulis et al., 1997b). There is strong evidence that 

AGEs are pathogenic (Cooper, 2001) and accumulate in serum, plasma (Papanastasiou et 

al., 1994; Ateshkadi et al., 1995) and tissues (Takayama, et al., 1997) of different disease 

patients e.g. end stage renal disease (Takayama, et al., 1997), diabetes, aging, 

cardiovascular and arthritis etc. AGEs affect every cell type and molecule in body and are 

thought to be main factors in age related chronic diseases and aging. They also perform 
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causative role in diabetes mellitus vascular complications (Miyata et al., 1993). Direct 

exposure to AGEs generate lesions some to those observed in diabetic nephropathy 

(Vlassara et al., 1994). 

 AGEs can induce bacterial mutagenesis and are toxic (Wautier and Guillausseau, 

2001). Interventions to reduce AGE accumulation in the kidney appear to be renoprotective 

in insulin resistance. The only pathway due to which renal injury is induced in diabetes i.e. 

advanced glycation (Cooper, 2001).                     

 Studies of Vlassara et al. (1994) show that AGEs can induce atherosclerosis. AGEs 

increase free radical production rate 50 times compared to the free radical production by 

the unglycated proteins and they bind to LDL cholesterol, stimulates oxidation and 

atherosclerosis (Price et al., 2001).  

 Some methods have been established for measuring AGEs levels in plasma, serum 

and tissues.  

 The AGEs concentration in protein of plasma, human blood cells and in mesangial 

cells of human kidney can be estimated by the liquid chromatography mass spectrometry 

(Brownlee, 2000).  

 To determine pentosidine, chromatography procedures were established with 

fluorescence detection by HPLC (Friedlander et al., 1995; Stein et al., 2001) or by mass 

spectroscopy /gas chromatography (GC/MS) (Degenhardt et al., 1997).  

 Immunochemical approaches with unknown specificity were applied using 

antibodies which were increased against AGE modified proteins (Bliesener et al., 1995; 

Satoh et al., 2001). Galler introduced the specific AGE- ELISA to estimate level of AGE in 

several clinical studies (Gerdemann et al., 2000; Sebekova et al., 2002; Galler et al., 2003).  

 To evaluate AGEs contribution as risk factors for diseases, reliable and reproducible 

analysis methods are required.  

 

       

 

OBJECTIVES  

 To evaluate an overview of insulin resistance and its relationship to cardiosvascular 

diseases, hyperlipidemia, hypertension, myocardial ischemia, myocardial infarction 
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and diabetic patients. 

 To establish whether insulin resistance is the underlying defect leading to diabetes 

and cardiovascular diseases and whether this has implications for the development 

of prevention and treatment strategies. 

 To analyze the glycation level in all such patients. To develop a standardized 

immunochemical assay (ELISA) for the analysis of defined AGE compounds in 

serum from insulin resistant and cardiovascular diseases patients. 
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Chapter-2 

REVIEW OF LITERATURE  

 
 
 A state in which a given quantity of insulin produces a less-than-expected natal 

effect is Insulin Resistance. It is defined as a subnormal response to both exogenous and 

endogenous insulin (Fernadez and Pickup, 2008). Insulin resistance means different things 

to different people. It is characterized by decreasing sensitivity of target tissues to the 

action of insulin by elevated blood glucose concentration and increased hepatic production 

of atherogenic lipids (Fonseca, 2007). According to other views it is a genetic and 

molecular   ambiguity which involves defective insulin signaling and transport of glucose 

into cells. Insulin resistance contributes to the pathophysiology of type 2 diabetes and is a 

hallmark of obesity, metabolic syndrome and cardiovascular diseases (Kashyap and 

Defronzo, 2007). Insulin resistance represents a major fundamental abnormality motivating 

cardiovascular disease which is the major cause of morbidity and mortality in the world 

(Iqbal, 2007). Because most of the work on insulin resistance has focused on its role in the 

pathophysiology of type 2 diabetes mellitus, a brief review of the history of the link 

between cardiovascular disease and insulin resistance is as given below. Insulin resistance 

is a major factor in the pathogenesis of type 2 diabetes in the elderly. According to Petersen 

et al., 2003 an age-associated decline in mitochondrial function contributes to insulin 

resistance in the elderly. Ticiana et al., (2010) explained metabolic syndrome as a complex 

disorder represented by a cluster of cardiovascular risk factors relating to central fat 

distribution and insulin resistance which is associated with early mortality in patients with 

type-2 diabetes mellitus.  

Pathophysiology 

 In insulin resistance different clinical entities are manifest. On a biochemical basis 

the clinical heterogeneity at least in part can be explained. Insulin binds and acts essentially 

through the insulin receptor and it acts by way of the insulin like growth factor–1 receptor. 

Insulin involves a wide variety of cellular actions effects on signaling pathways of 

postreceptor within target cells. The b subunit of the insulin receptor is a tyrosine kinase, 

which is activated when insulin binds to the subunit a; the kinase activity 
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autophosphorylates and mediates multiple actions of insulin e.g. ambient insulin levels, 

various physiological and disease states, and drugs regulate insulin receptor concentration 

or affinity (Muniyappa et al., 2007). The mechanisms responsible for insulin resistance 

syndromes include genetic or primary target cell defects, autoantibodies to insulin, and 

accelerated insulin degradation (Reaven 1995). 

        The most common cause of insulin resistance is obesity, is linked with a fewer 

receptor to activate tyrosine kinase and with post receptor failure. While adiposity and 

insulin resistance are related, they are not necessarily synonymous, and each may make 

independent and different contributions to increasing the risk of cardiovascular disease. 

Insulin resistance has a major pathogenic contribution in the development of metabolic 

syndrome disorders (Reaven et al., 2004). Adipocytokines and inflammation play some 

role in the etiopathogenesis of metabolic syndrome (Luca and Olefsky 2008).  

 Higher level of C-reactive protein (CRP) the acute phase inflammatory indicator are 

related to insulin resistance, suggestive of a contribution of chronic, low rating 

inflammation (Florez et al., 2005). Raise the level of CRP predict the progress of type 2 

diabetes and cardiovascular disease. Low serum levels of adiponectin and high 

concentration of leptin are also silent features of insulin resistance and cardiovascular 

disease conditions (Semple et al., 2008; Brabent et al., 2005). Omentin, a narrative 

adipokine, is a protein uttered and secreted from factual tissues which increases sensitivity 

of insulin in adipocytes. In plasma levels of omentin-1 which is the chief circulating 

isoform, are correlated inversely with leptin levels, and insulin resistance syndrome and are 

positively correlated with adiponectin and HDL levels (Tan et al., 2008)  

 Sensitivity of insulin and emission are reciprocally related.  As a result, insulin 

resistance results in amplified insulin secretion to maintain glucose and lipid homeostasis at 

normal levels. The mathematical relationship between sensitivity of insulin and secretion is 

hyperbolic or curvilinear. Several potential mediators are thought to signal the pancreatic B 

cells to respond to insulin resistance. These potential mediators consist of glucose and free 

fatty acids. Because failure signals of the pancreatic B cells to adapt sufficiently in contrast 

to the insulin sensitivity results in inappropriate insulin levels, IGT, IFG and type 2 

diabetes (Carey et al., 2010). For the generation of energy in cells glucose and lipid 

metabolism mainly depend on mitochondria. Mitochondrial dysfunction may play 
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an important role in the development of insulin resistance and associated complications 

(Kim et al., 2008).  

 Insulin resistance or hyperinsulinemia is associated with higher risk of 

cardiovascular disease. A prominent feature of insulin resistance is endothelial dysfunction. 

Type 2 diabetes is characterized by higher output of hepatic glucose, higher peripheral 

resistance to insulin action and impaired insulin secretion (Nunes et al., 2000). 

 In Acanthosis Nigricans two chief variants of insulin receptor abnormalities have 

been described, insulin resistance syndrome type A which is due to a dysfunctional or 

absent receptor and insulin resistance syndrome type B, which is due to autoantibodies to 

the insulin receptor. Both syndromes are related with hyperinsulinemia. In some 

individuals hypoglycemia may still occur with insulin resistance syndrome due to an 

agonist effect of autoantibodies on the receptor of insulin. In some patients who have 

insulin-binding antibodies, several hours after a meal insulin dissociates from the 

antibodies causes hypoglycemia (Samuel 2008).  

 Margaret Albrink was probably the first researcher to identify several key factors, 

including hypertriglyceridemia and obesity that was associated with higher risk for 

cardiovascular disease (Albrink et al., 1980). The revolutionary progress of the insulin 

radioimmunoassay by Yallow and Berson, and the findings that many diabetics were really 

hyperinsulinemic, enabled Albrink and others, including Reaven and Farquhar and their 

colleagues (Reaven et al., 1967), to start to define insulin resistance  and its relation to both 

hypertriglyceridemia and cardiovascular disease. Insulin Resistance Atherosclerosis Study 

is a connection between a direct measure of insulin resistance and atherosclerosis (Howard 

1996). The 1970s brought a new considerate of defensive roles of HDL (Miller and Miller 

1975). Low density lipoproteins (LDLs) were characterised in the 1980s, this advance led 

to the identification of a typical dyslipidemic pattern that is a central component of the 

insulin resistance syndrome. Welborn and colleagues in the mid-1960s observed that 

hypertension was frequently associated with hyperinsulinemia (Welborn et al., 1966). 

Finally (Vague et al., 1991) added a pathological basis for an increase in cardiovascular 

disease to the well accepted association of the insulin resistance with atherosclerosis. With 

the passage of time scientific interest and anticipation, as well as the opportunities to study 

the links between insulin resistance and cardiovascular disease, have multiplied.  
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 Insulin resistance at the level of the fat cell initiating insult, leads to increased 

intracellular hydrolysis of triglycerides (TGs) and release of fatty acids into the circulation. 

It seems likely that insulin resistance in adipose tissue results from the interaction of 

multiple defective or less than optimally functioning genes with an environment that leads 

to increased pressure on the fat cell to store energy (Kahn and Flier 2000). This interaction 

results in a fat cell that cannot meet the demands placed upon it. Due to molecular or 

environmental origin for insulin resistance in adipose tissue, the FFA uptake by fat cells is 

decreased or FFA release from fat cells is increased, confront the liver with high 

availability of energy. The hypertriglyceridemia due to insulin resistance can be seen as a 

ping-pong match between the fat cells and hepatocytes where FFAs and VLDLs are the 

ping-pong balls transport energy back and forth between the adipose tissue and the liver. 

Lipodystrophy, the human disorder which is characterized by marked hypertriglyceridemia 

which is due to insulin resistance and to overproduction of VLDL, can be viewed as the 

ultimate loss of the sites for energy storage. Indeed, the hypertriglyceridemia in a 

lipodystrophic mouse model that has a genetic deficiency of adipose tissue was partially 

reversed by surgical implantation of normal adipose tissue. The findings of (Gavrilova 

2000) suggest the relationship between insulin resistance or hypertriglyceridemia is a 

parabolic one. The absence of fat and the abundance of fat are linked with increased fatty 

acid instability to the liver and successive increased secretion of VLDL.  

Insulin resistance and dyslipidemia  

 There is a close relationship between insulin resistance diet and dyslipidemia. Low 

density lipoprotein (LDL) particles exist in numerous subclasses which differ in density, 

size, and lipid content. Large and medium LDL involves most plentiful species in plasma of 

the many healthy individuals. There are two forms of small LDL which exhibit greater 

endothelial transport, reduced receptor binding, greater susceptibility to oxidation and 

greater arterial proteoglycan binding (Ramachandran et al., 2007). Small LDL is linked 

with raised triglyceride levels. Formation of LDL in the liver takes place via lipolysis. In 

fact, there is large variety in size subspecies of IDL and VLDL (Berneis and Krauss 2002). 

Due to low levels of transport of triglyceride from the liver, triglyceride particles are 

exported as IDL. As a result LDL formed with lipolysis by lipoprotein lipase (LPL). 

Substrates for LPL are VLDL particles. They produce LDL2, the most keenly bound 
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substrate of the receptor of LDL. LDL1 and LDL2 contain the larger size LDL particles. A 

final pathway is that in which LPL act on LDL to produce highly atherogenic remnant 

particles. These are either metabolized by LPL into the smallest particles or cleared directly 

(Reaven 2005).  A low-fat but high-carbohydrate diet may have unfavorable effect in 

increasing the phenotype B expression (Krauss and Dreon 1995). Unexpectedly phenotype 

B particularly reduces LDL cholesterol. Those with phenotype A show increase in LDL3 

with reduction in LDL1, while of increasing phenotype B there is an increase in LDL4 but 

a decrease in LDL1 and LDL2. Cholesterol content of LDL particles can be reduced in 

individuals with phenotype A by changes in lipid levels. Individuals with phenotype B 

represents increased levels of LDL particles with reduced conversion of VLDL2 to LDL2 

which results in larger numbers of remnant particles (Krauss 2001). There is an inverse 

relationship between the LDL size and amount of dietary carbohydrate.  Polymorphism in 

the LDL receptor is due to inherited components to the LDL phenotype. In short 75% 

carbohydrate diet causes the phenotype B lipid pattern in those children who have a parent 

with phenotype B (Dreon et al., 2000). In a succeeding study, the response to low versus 

high dietary fat is related to genetic heterogeneity which includes the LDL receptor (Krauss 

2005). 

Insulin resistance and cardiovascular disease 

 Doa with his collegues in 2010 proved a positive relationship between insulin 

resistance and cardiovascular disease among Thai adults. Insulin resistance plays a major 

role in the relationship among type 2 diabetes mellitus, hypertension, cardiovascular 

disease and chronic kidney disease. Evidence, not confirmation that insulin resistance 

occurs in renal tissue and cardiovascular as well as in metabolic tissues e.g, liver, skeletal 

muscle and adipose tissue. The increasing prevalence of insulin resistance from the 1970s 

to the 1990s is due to its   stronger association with cardiovascular disease than those with 

the microvascular complications such as renal failure, visual loss and amputation (Fox et 

al., 2006). Analysis shows that pre-diabetes state is considered to be one associated with 

increased CVD risk and also in many cases with atherosclerotic disease developing a 

decade before diabetes becomes manifest (Hu et al., 2002). The awareness is increasing of 

the clinical phenotype of insulin resistance based on lipotoxicity and glucotoxicity and of 

its strong association with a variety of inflammatory mediator abnormalities. By lowering 
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LDL any one can lower insulin resistance and cardiovascular disease because a 

proatherosclerotic increase in LDL particle number causes the increased CVD risk of 

metabolic syndrome (Campos et al., 2001). Further research of the link between insulin 

resistance and cardiovascular disease are the high level of impaired glucose tolerance  and  

type 2 diabetes among those individuals who are admitted with acute myocardial infarction 

(Norhammar et al., 2002) or stroke (Matz et al.,  2006).  

 Insulin resistance has both environmental and genetic with a direct link between 

both insulin resistance and weightgain (Pereira et al., 2005). There is close similarity of the 

pathways which leads to atherosclerosis and to insulin resistance. Due to increase both in 

free fatty acids and in glucose causing oxidant stress which causes activation of 

proinflammatory and mitogenic pathways, prothrombotic effects, cytokine release, and 

dyslipidemia. Similarly, there is close similarity between insulin resistance and 

cardiovascular disease risk conditions such as hypertension, low HDL, high 

triglyceride.and type 2 diabetes (Sironi et al., 2004).   
 Vasodilatation is regulated by NO which is synthesized by endothelial cells and it 

diffuses into smooth muscle cells of vessels. NO production from L-arginine leads to the 

production of citrulline (Vallance et al., 1992). Systemic vascular resistance and blood 

pressure increased in insulin resistance and it accelerates atherosclerosis (Achan et al., 

2003). Among individuals who had or have a cardiovascular disease event, the insulin level 

predicts further cardiovascular risk. Increases insulin has been reported to be associated 

with hypertension, hypercholesterolemia, diabetes, as well as with insulin resistance and 

CVD (Stuhlinger et al., 2002; Mittermayer et al., 2002).  

 Females lose vascular protection among individuals with diabetes, and results are 

generally poorer, with 80% of them dying because of vascular disease. Inflammation is 

overlaped with thrombosis. Development of unstable angina occurs due to abnormal 

coagulation which causes accumulation of the vascular lumen which leads to the release of 

tissue factor k, which in turn causing further coagulant activation due to activation of factor 

VII (Cooper et al., 2007). NO has antiplatelet, anticoagulant and vasodilatory effects, all 

decrease with insulin resistance. Clotting shows unique characteristics in insulin resistance, 

which decrease with high fibrin clot density. Lysine residues which are modified by 

oxidation become more tightly cross-linked with the fibrin structure. So glycated fibrin 
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decreases clot binding of tissue plasminogen activator and lowers the formation of plasmin 

from plasminogen (Dunn et al., 2006) which leads to decreased fibrinolysis  

 Goldfine and collegues in 2006 studied therapeutic relationship between insulin 

resistance and the development of atherosclerotic plaques. Among children, associations 

can be found between decreased flow-mediated vasodilatation, carotid intima-media 

thickness, increased C-reactive protein, decreased HDL cholesterol, increased triglyceride, 

and high insulin levels. Endothelial dysfunction which is measured by flow-mediated 

vasodilator, is highly related to insulin resistance and type 2 diabetes (Prior et al., 2005).   

 Studies reviewed the incidence of increased myocardial infarction due to increasing 

risk factors. Insulin resistance is associated with coronary artery disease that is similar to 

that seen in patients with type 2 diabetes, hypertriglyceridemia, with obesity and 

hypertension, and all of them doubling the risk of CVD (Bressler et al., 1996). 

Cardiovascular risk of type 2 diabetes is generated by insulin resistance instead of 

hyperglycemia, although the major defect appears to be in glycogen synthesis, rather than 

in other insulin actions, leading to the question of what accounts for the insulin resistance 

phenotype and for the presence of insulin resistance in all these individuals (Mehta et al., 

2003). There is a cascade of insulin binding to and activating the insulin receptor, then 

leading to insulin receptor substrate-1 activation, with consequent activation of the receptor 

P85 subunit of phosphatidylinositol 3-kinase (PI3K),  for example promoting protein, lipid, 

and glycogen synthesis and GLUT4 translocation to the cell membrane (Wolfrum et al., 

2003). A defect in many individuals with insulin resistance is at the level of p85, the 

response element of PI3K, with the p110 catalytic subunit intact. In compensation, the 

insulin level ultimately increases, leading to an increase in an alternative insulin receptor 

pathway activity, turning on mitogen-activated protein kinase (MAPK), a central step in a 

itogenic/proatherosclerotic pathway. Administration of thiazolidinediones increases activity 

of the PI3K pathway and represses the MAPK pathway. This represents a common site of 

multiple related metabolic abnormalities, giving as an example the effect of angiotensin-II 

in causing insulin receptor substrate-1 serine phosphorylation, reducing insulin receptor 

substrate-1 activity while activating MAPK. Langenfeld noted that PI3K activation 

activates NOS as well as the metabolic effects of insulin, so that insulin resistance is 

associated with a vasoconstriction phenotype (Langenfeld et al., 2005). Another 
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mechanism of insulin resistance is obesity, increasing tissue fat, with increased fatty acid-

CoA activating serine kinases and inactivating insulin receptor substrate-1. This is 

associated with increased diacyl glycerol, leading to activation of protein kinase C and to 

elevation in ceramide levels, also decreasing PI3K activity. Fatty acid-CoA is a powerful 

activator of the nuclear factor- B, with nuclear nuclear factor- B entery in the nucleus, 

increasing serine kinases, TNF, inflammatory cytokines, and growth factors (Marfella et 

al., 2006).  

 Insulin resistance has been shown to predict the risk of developing cardiovascular 

risk factors such as hypertension (Goff et al., 2003) and to predict future CVD (Isomaa et 

al., 2001; Yip et al., 1998). In the San Antonio Heart Study, insulin sensitivity was 

associated with CVD in nondiabetic individuals, after adjusting for age, sex, blood 

pressure, LDL, HDL, triglyceride, smoking, exercise, and other variables (Hanley et al., 

2002). The presence of metabolic syndrome is associated with greater CVD risk than are 

dyslipidemia, hypertension, high homeostasis model assessment of insulin resistance, or 

obesity taken individually (Bonora et al., 2007). However, the risk for individuals with 

insulin resistance is not high, so that statistical calculations show that a study of 8–10,000 

individuals with IRS followed for 8–10 years would be required to demonstrate whether 

improvement in insulin sensitivity resulted in prevention of CVD.  

 Although hypercholesterolemia is not part of the syndrome, insulin resistance is 

associated with an increase in LDL particle number and triglycerides, and reduction in HDL 

cholesterol, the atherogenic lipid profile accounting for a large part of the cardiovascular 

risk. In the bezafibrate infarction prevention study, individuals with triglyceride >200 mg/dl 

showed benefit of the intervention, and in the VA-HIT (Veterans Affairs HDL Intervention 

Trial), CVD risk reduction was seen particularly in diabetic rather than nondiabetic 

individuals, as well as in nondiabetic hyperinsulinemic versus normoinsulinemic 

individuals (Robins et al., 2003). In the FIELD Study, however, the baseline triglyceride 

level was 150 mg/dl, with a larger number of individuals in the placebo group initiating 

statin therapy, suggesting that the negative results of the study were explained by the 

investigators "pick[ing] the wrong people" (Keech et al., 2005).   

 The abnormality of fat distribution in individuals with type 2 diabetes has led to the 

overflow hypothesis, that adipocyte fat storage capacity is exceeded, leading to ectopic 
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deposition of fat, in muscle causing insulin resistance, in liver increasing glucose 

production, and in the vascular wall causing atherosclerosis.(Torgerson et al., 2004).  

 Cardiovascular disease and the dyslipidemia of insulin resistance. The available in 

vitro and in vivo data suggest that, as long as adequate insulin is available to prevent 

excessive lipid oxidation, FFA-driven lipid synthesis is the major determinant of VLDL TG 

secretion. Hyperinsulinemia probably is a marker of insulin resistance, rather than a major, 

direct contributor to the process (Gabriela and Plutzky 2009). The basis for the rise in FFA 

flux in insulin resistance is probably oligogenic in nature, but whatever its ultimate cause, 

the rest of the dyslipidemic phenotype associated with insulin resistance follows once 

VLDL secretion increases Hypertriglyceridemia, leading to low HDL cholesterol and 

increased small dense LDL particles, is due mainly to the action of cholesteryl ester 

transfer protein (CETP) (Bruce et al., 1998). In plasma, collisions between VLDL and 

HDL, in the presence of CETP, stimulate the transfer of VLDL TG to HDL in exchange for 

HDL cholesteryl esters. The resulting TG-enriched HDL becomes a good substrate for 

hepatic lipase (and possibly LPL), and the TG is hydrolyzed. This, in turn, generates a 

smaller HDL that must shed some of its surface, including apoA-I. ApoA-I is a small 

protein that can be filtered by the kidney and then degraded by renal tubular cells 

(Horowitz 1993). In a similar fashion, intravascular collisions between VLDL and LDL 

allow for CETP-mediated exchange of VLDL TG for LDL cholesteryl esters. The 

succeeding hydrolysis of LDL TG generates small dense LDL particles.  

 Since both normoglycemic insulin-resistant individuals and patients with type 2 

diabetes mellitus do not have higher LDL cholesterol levels compared with the general 

population. How does resulting dyslipidemia enhance the risk of cardiovascular disease in 

insulin resistant individuals? Scientists presume that lipid profiles are arherogenic in 

multiple aspects. First, not only are there increased levels of VLDL particles, which can 

enter the vessel wall and accumulate in atherosclerotic plaques (Nordestgaard 1992), but 

these VLDL are, by virtue of receiving CETP transferred cholesteryl esters, able to deliver 

more cholesterol per particle to vessel wall. Secondary enhanced VLDL secretions 

postprandial hyperlipidemia by setting competition for the pathway of chylomicron 

clearance. Postprandial hyperlipidemia is associated independently with CAD (Ginsberg 

1995).  
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 Reduced Apo A -1 level and HDL cholesterol levels means that fewer HDL 

particles are engaged in cholesterol exit from peripheral tissues which is step first in 

reverse cholesterol transport.Few HDL particles mean that HDL could not meet some 

proposed antiatherogenic actions including HDL role as antioxidant. Many scientists 

identified scavenger receptor B1 (SRB1), which appears to mediate the selective transport 

of HDL cholesteryl esters to the liver. Delivery of core lipid by the HDL particle without 

endocytosis and degradation of the whole particle, targeting that cholesterol for excretion 

via the biliary pathway. Transfer of HDL cholesteryl pathway to VLDL which is CETP 

mediated not only enriches atherogenic lipoprotein by cholesterol but also divert 

cholesterol  from specific reverse pathways of cholesterol transport . In theory, the 

decreased HDL cholesterol properties of insulin resistance can be the result of enhanced 

SRB1 expression although unlikely .However such increase would reduce the 

atherosclerosis risk (Arai et al., 2000). 

        Austin, Krauss and their colleagues (Austin et al., 1990) first recognized small dense 

LDL more atherogenic than an equal number of larger cholesteryl ester-rich LDL. The 

reason is that small dense LDL may be more susceptible to oxidation or can be readily 

penetrate and cling to ECM of artery wall. Shah et al., (2008) article reviews the 

mechanisms of adipose inflammation. These may show therapeutic targets of insulin 

resistance and for inhibition of cardiovascular and metabolic results of obesity.  

 Insulin resistance and inflammation control by endogenous ligand activation and 

macrophage recruitment is perpetuated by adipose retention of macrophage, pro-

inflammatory adipocytokines and chemokine secretion (Hawkins 2004). Activation of 

various kinases mediates factors of adipoycyte transcription including NFKB, peroxisome, 

proliferator activated receptor attenuating signaling of insulin and enhancing free fatty acid 

and adipocytokine secretion. Inflammation reduces adipocyte differentiation and 

accelerates adipose dysfunction (Suzuki et al., 1996). Endocrine and paracrine adipose 

inflammatory events cause a systemic and local insulin resistant inflammatory state, 

causing metabolic dyslipidemia cardiovascular disease and type 2 diabetes (Lakka et al., 

2000).  

 An United kingdom prospective diabetes study demonstrated that sulfonylurea and 

insulin treatments were linked with a reduction of cardiovascular disease events (P=0.052). 
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It gave evidence against the insulin atherogenic effect and its secretogogues as 

hypoglycemic agents (Nordestgaard et al., 1997). Insulin resistance is not only a deficient 

glucose uptake problem but also a multifaceted syndrome, which increases the risk of 

cardiovascular diseases. Links between associated dyslipidemia, hypertension, 

atherosclerosis and insulin resistance are complete and numerous (Abbasi et al., 2002).  

      This complexity comes from the certain causes like insulin resistance syndrome and 

interaction of genes causing insulin resistance with the genes that have impact on lipid 

metabolism coagulation, blood pressure regulation and artery well biology. It is suggested 

that fatty acid metabolism dysfunction plays a crucial role in this phenotype development 

(Galipeau et al., 2002)  

 Thus association between dyslipidemia and insulin resistance is started by enhanced 

free fatty acid secretion from decreased uptake of FFA in the adipocytes. Studies 

connecting fatty acid to endothelial dysfunction, with the role of VLDL in the activation of 

PAI-I supports this concept of dysregulation of metabolism of fatty acid looks close, to 

center of insulin resistance syndrome pathophysiology and it relates with the risk of 

cardiovascular diseases(Ginsberg 2000)  

 Insulin resistance is linked with some other conditions involving dyslipidemia, 

certain medications, hypertension and advanced age. Polycystic ovary syndrome is linked 

that is overobserved but exact ground of basis of this link is not clear (Jeppensen et al., 

2007).  

 Polycystic ovary syndrome patients are resistant to insulin and at a high rate could 

be predisposed to diabetes. Insulin resistance is manifested by elevated insulin, 

hypertension, inflammation, dyslipiedmia elevated blood glucose, high triglycerides, 

dyslipidemia endothelial dysfunction, high density lipoprotein and clotting abnormalities. 

All these physiological abnormalities caused atherosclerosis (Nigro and Osman 2006)  

 Atherosclerosis is linked with presence of atherosclerotic plaques in arterial walls. 

These possess smooth muscle cells and cholesterol filled macrophages and are complicated 

by thrombosis or rupture, causing clinical symptoms. Endothelial dysfunction (enhanced 

endothelial adhesion molecules expression and decreased activity of nitrogen oxide and 

changed vasomotility or vasopermeability) influence of cholesterol into walls of artery, 

cholesterol oxidation, smooth muscle cells proliferation and inflammation are all important 
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elements in atherosclerosis process (Lusis 2000). Studies have showed a linked between 

activation of both anti-atherogenic and atherogenic pathways and hyperinsulinaemia (King 

and Brownlee 1996). Arterial wall insulin resistance may lead to stoppage of 

phosphatidylinositol 3 kinase activity that has anti-atherogenic effects. Meanwhile a 

compensatory enhancement of insulin level may accelerate pathways of atherogenic 

signaling (Sowers 2004). 
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 Insulin resistance controls atherosclerosis mainly by effect on endothelial function. 

Blood pressure and insulin sensitivity are related directly. The less the sensitivity to insulin 

the higher the blood pressure. Studies have indicated that endothelial function and insulin 

sensitivity are inversely related (Sjoholm and Nystrom 2005). A person with a healthy 

normal endothelium with no insulin resistance will have vascular tone which would be 

normal which sets a barrier to the degradation of LDL previously mentioned. This results in 

less migration of smooth muscles, which is essential in preventing plaque build up 

secondly there would be fewer leukocytes and less platelet adhesion (Kernan et al., 2002)  

 However, when insulin resistance causes endothelial dysfunction these protective 

mechanisms are destroyed. This cause enhanced platelet adhesion, vasoconstriction, 

enhanced lipid deposition, enhanced migration of smooth muscle and decreased lipid 

clearance. Thus endothelium activity is affected by insulin resistance (Tilg and Moschen 

2008).    

 Cell culture and rodents studies have shown that hyperinsulinaemia and insulin 

resistance accelerates the smooth muscle cell migration and proliferation, and decreased 

activity of NO accelerates the expression of adhesion molecules inflammatory markers and 

oxidation of cholesterol low density lipoprotein and coagulation (Schneider et al., 1998). 

Secondly insulin increases the capacity to both enhance and decrease vascular tonus 

(Muniyappa et al., 2007). Insulin resistance can take several pathways. It can lead to 

essential hypertension, dyslipidemia, hyperinsulinemia or some combination of the three. It 
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can lead to diabetes and IGT. Many patients are insulin resistant about theory do not have 

IGT or diabetes.  

 Hyperglycemia is only the tip of the iceberg.  Approximately 20-25% insulin 

resistant patients will proceed towards abnormally high glucose level in blood (Eschwege 

2003). 80% insulin resistant patients have beta cells, that are capable of compensating and 

their glucose level in blood are marginally abnormal or never abnormal and diabetes does 

not arise. However such individuals may show increased triglycerides, HDL and 

hypertension showing insulin resistance (Steinberger and Daniels 2003).  

          In insulin resistance syndrome most patients will have normal glucose level in blood 

only in those whose beta cells do not function properly will be predispsoed to type 2 

diabetes. All of these processes with or without diabetes or IGT, will accelerate 

atherosclerosis. In addition, altered vascular reactivity, the visceral obesity, and impaired 

fibrinlysis associated with metabolic syndrome play a role (Shoelson et al., 2007).  

        Studies indicated that visceral fat links inversely to insulin sensitivity less the insulin 

sensitivity. More will be the visceral fat and more will be the insulin resistance. Central 

adiposity puts the patients at risk of CVD. Studies have indicated that risk for CVD is 

related proportionally to waist circumference. There is substantial evidence, that glycated 

LDL stimulates atherosclerosis however the underlying mechanisms are not clear. Studies 

indicate that glycated LDL stimulates to all like receptor 4, stimulating proinflammatory 

cytokines production (Steinberg 2007).  

          This finding explains why diabetics are increased risk for developing atherosclerosis. 

High triglycerides, low HDL, and normal to mildly elevated LDL are typical findings for 

patients with insulin resistance (Hodgkinson et al., 2008).  

 This occurs because insulin resistance affects fat cells, causing certain enzymes to 

break down fat, freeing fatty acids which then travel to the liver. These fatty acids then 

cause enhanced production of triglycerides that are paired into blood circulation while 

accelerating the formation of carrier proteins and very low density lipoproteins (Sowers 

1998). When the triglycerides are in blood circulation with VLDL the cholesterol ester is 

transferred to VLDL from HDL and the triglycerides leave the VLDL and in HDL replace 

the cholesterol ester. Meanwhile, the VLDL triglyceride is exchanged for the cholesterol 

ester in LDL, forming small, dense LDL. The transfer of triglyceride in bidirection cause 
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elevated level of triglyceride the cholesterol ester removal from HDL very susceptible to 

degradation and elimination by kidney resulting in the decrease of HDL level (Fonseca 

2003).  

 

 Myocardial infarction has been considered to be directly related to insulin 

resistance. The overall risk of MI in patients with metabolic syndrome is doubled. 

However, it also showed that the single best correlation of MI in a patient with metabolic 

syndrome with high triglyceride levels. The triglyceride/HDL ratio has been shown to be a 

good predictor of a coronary event. Studies have also shown that a high-triglyceride/low-

HDL profile relates very strongly to insulin resistance. 

 The excessive cardiovascular morbidity and mortality associated with diabetes 

(sometimes termed “the burden of heart disease in diabetes”) has been recognised for a 

long time. Because of this, I have suggested that diabetes should be defined as a state of 

premature cardiovascular death which is associated with chronic hyperglycaemia and may 

also be associated with blindness and renal failure (Arner 2002). This was first placed in 

context by the Framingham study, where middle aged people with diabetes had an 

increased coronary heart disease morbidity and mortality that could not be explained by the 

traditional cardiovascular risk factors of smoking, age, raised cholesterol, raised blood 

pressure, or obesity. The study of (Fisher 2004) suggested a possible unique role for 

diabetes as a risk factor for the development of cardiovascular disease 
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 The lipid profile of the Framingham study population is instructive. Many people in 

this population with diabetes had HDL levels less than 35 mg/dL; some had cholesterol 

levels greater than 240 mg/dL. Total cholesterol and LDL levels were not noticeably 

different than those of nondiabetic participants. However, triglyceride levels were clearly 

higher and the triglyceride/HDL ratio was clearly abnormal in patients with diabetes (Rapp 

1994). This was even more exaggerated among female diabetes sufferers, who had an even 

greater triglyceride elevation and lower HDL levels. These findings are a clear thumbprint 

for insulin resistance, metabolic syndrome, and type 2 diabetes, and have been upheld in 

multiple epidemiologic studies (Verma 2002). 

 

 

 

 

 

 
 According to Aminot and Anderson (2004) insulin resistance plays a critical role in the 

pathogenesis of type 2 diabetes-related cardiovascular disease. According to the World Health 

Organization definition, this includes hypertension, elevated plasma triacylglycerol, reduced HDL 

cholesterol, central obesity, and microalbuminuria (Fontbonne and Eschwege 1991). The Multiple 
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Risk Factor Intervention Trial showed that, although diabetes or insulin resistance is an 

independent risk factor for cardiovascular disease mortality, these other components of the 

metabolic syndrome confer additive risk. Thus, to effectively address cardiovascular disease in 

persons with diabetes, intervention would ideally target all these factors (Cooper 2001). 

 

 According to Shah et al., (2008) adiposity-associated inflammation and insulin 

resistance are strongly implicated in the development of type 2 diabetes and atherosclerotic 

cardiovascular disease. This article reviews the mechanisms of adipose inflammation, 

because these may represent therapeutic targets for insulin resistance and for prevention of 

metabolic and cardiovascular consequences of obesity. 

 Macrovascular disease, and particularly coronaryheart disease, is the main cause of 

premature death in diabetic patients. Trials comparing intensive and conventional 

metabolic control in type 1, and in type 2 diabetes have shown a reduction in the incidence 

of cardiovascular events in intensively treated patients. Some studies indicate the role of 

AGEs in the development of diabetic vascular and coronary heart disease (Kunt et al., 

1999). AGEs has been identified in coronary arteries of diabetic patients, particularly in 

atheromatous lesions, which suggests a role of AGEs in the accelerated development of 

arterial disease observed in diabetes (Zimmet et al., 2001). Decreased arterial and arteriolar 

elasticity and compliance related to AGEs deposits may contribue to development of 

systemic hypertension, which, together with arterial stiffness, may result in abnormal shear 

stress predisposing to endothelial injury and early atherogenesis. 

 High plasma glucose level has bad effects on cells which may vary according to 

different cell types. Cells having higher level of glucose transporter 1 (GLUT1) for 

example vascular endothelial cells, are incapable of regulating intracellular glucose 

concentrations, hence they are more susceptible to damage caused by hyperglycemia. This 

can be illustrated by the inspection of renal mesangial cells which attain characteristics of 

the diabetic phenotype, including activation of the polyol pathway and increased 

extracellular matrix synthesis due to over expression of  GLUT1 (Heilig et al., 1995). 

Cellular failure caused by series of complex processes due to elevated levels of cytosolic 

glucose is yet to be identified. Formation of advanced glycation endproducts (AGEs) is one 

of these processes (Fraser and Hanssen, 2005). AGEs play a major role in the development 
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of different complications in diabetes and other diseases. 

Maillard Reaction 

 The Maillard or browning reaction (named after the French scientist Louis Camille 

Maillard) results from reaction of reducing sugars and amino acids or proteins. In literature, 

Maillard reaction refers to non-enzymatic glycosylation. It can be subdivided into three 

major stages; early, intermediate and late. In early stage glucose or other reducing sugars 

reacts with free amino group of different molecules like proteins, nucleic acid and lipids 

leading to the formation of unstable aldimine compounds i.e. Schiff base (Lapolla et al., 

2005), which upon rearrangement form stable ketoamines known as Amadori products. 

Since this reaction takes place without involvement of any enzyme, it is regulated by 

products of glycolysis, metabolism of ketone bodies and breakdown of threonine in vivo. 

The high reactivity and high plasma concentrations of methyl glyoxal shows that this is one 

of the most significant compounds in vivo (Thornally, 1996). 

 

Fig. 2.1: The initial step of the Maillard reaction between glucose and an amino acid 

(in which R incorporates the amino acid side group) 

 The Maillard reaction begins with the reaction of the carbonyl group (aldehyde or 

ketone) of the reducing sugar to form a reversible Schiff base with the amino group of the 

biomolecule. The Schiff base can undergo an intramolecular rearrangement to form the 

Amadori products (Ahmed and Thornalley, 2003) as described in Fig. 2.1. This can 

undergo a series of further rearrangements, dehydration, and condensation to form 

irreversible end products, which may be fluorescent and yellow–brown in color; some can 

form stable intermolecular and intramolecular cross-links (Ulrich and Cerami, 2001). These 

steps can differ, depending on the isomer of the Amadori compound. Either the amino acid 

is removed, which results in reactive compounds that are finally degraded to furfural and 

hydroxymethyl furfural (HMF). Furfural and hydroxymethylfurfural are characteristic 
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flavour compounds of the Maillard reaction. Furfural is the result of a reaction with a 

pentose sugar (such as ribose); HMF is the result of a reaction with a hexose (glucose, 

saccharose). The other reaction is the so-called Amadori-rearrangement, which is the 

starting point of the main browning reactions (figure 2.2. & 2.3).  

 

 

 Fig. 2.2:  Formation of hydroxymethyl furfural (HMF) and Amadori-rearrangement  

 

  

Fig. 2.3:  Structures of furfural and HMF 

 
After the Amadori-rearrangement three different main pathways can be distinguished:  

 Dehydration reactions,  

 Fission, when the short chain hydrolytic products are produced, for example 

diacetyl and pyruvaldehyde,  

 “Strecker degradations” with amino acids or they can be condensed to aldols.  
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Fig. 2.4: Formation of Strecker Aldehyde (Harrison and Dake, 2005) 

 These three main pathways finally result in very complex mixtures, including 

flavour compounds and high molecular weight brown pigments.  

  Protein glycation (glucosylation or glycosylation) by carbohydrates (bronwing) 

yield a heterogeneous class of compounds collectively termed advanced glycation end 

products (AGEs). Nonenzymatic glycation of proteins described by Louis-Camille Maillard 

(Maillard, 1912) now have been implicated in the pathogenesis of different diseases like 

diabetes, renal failure, and aging (Schleicher et al., 1997).  

 In vitro–prepared AGE modifications of proteins have been shown to be toxic, 

immunogenic, and capable of triggering cellular injury. In vivo, the amount of AGEs on a 

protein has been found to be dependent on the inherent reactivity of specific amino groups, 

as determined by their microenvironment, the glucose concentration, and the half-life of the 

protein. Realization of the importance of Maillard-like reactions in vivo began in the mid-

1970s with the study of hemoglobin A1c (HbA1c) (Cerami and Ulrich, 2001) a naturally 

occurring minor human hemoglobin that is elevated in diabetic patients. HbA1c is known to 

be a posttranslational adduct of glucose with the N-terminal valine amino group of the β 

chain of hemoglobin, in which the glucose was thought to be attached via a 

nonenzymatically formed Schiff base structure. In fact, the carbohydrate in HbA1c is 

attached as a 1-deoxy-1-fructosyl residue to the N-terminal valine nitrogen derived from an 
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initially formed schiff base via an Amadori rearrangement. HbA1c is used for assessing 

extended metabolic control in diabetic patients and provides an average integrated blood 

glucose concentration for approximately a 28-day period. 

 Glycation adducts are formed by the reaction of proteins with glucose-reactive α-

oxoaldehydes such as glyoxal, methylglyoxal, and 3-deoxyglucosone, and other saccharide 

derivatives (Brownlee, 1996). The initial Schiff base adducts formed from glucose and 

lysine and N-terminal amino-acid residues rearrange to form fructosamine. Fructosamine 

degradation and the direct reaction of α-oxoaldehydes with protein form many AGEs. 

Oxidative reactions may be increased by oxidative stress arising from mitochondrial 

dysfunction and activation of NADPH oxidase (Schmidt et al., 1994; Brownlee, 2001). 

Some AGEs are cross-linked, for example the bis (lysyl) imidazolium salts may denature 

proteins and confer resistance to proteolysis. When AGEs are formed at critical sites in 

enzymes or proteins, they may be associated with enzyme inactivation (Wautier and 

Guillausseau, 2001). Cross-linked AGEs, GOLD [glyoxal-derived lysine dimer, 1,3-di(N -

lysino imidazolium salt], MOLD [methylglyoxal-derived lysine dimer, 1,3-di(N -lysino)-4-

(methyl-imidazolium salt], DOLD [3-deoxyglucosone-derived lysine dimer, 1,3-di(N -

lysino)-4 (2,3,4-trihydroxybutyl)imidazolium salt], and pentosidine may alter protein 

structure and function (Wautier and Schmidt, 2004). 

Glycation of plasma proteins 

 Plasma proteins (60%) are made up of the protein albumin, which are major 

contributors to osmotic pressure of plasma which assists in the transport of lipids and 

steroid hormones. Globulins make up 35% of plasma proteins and are used in the transport 

of ions, hormones and lipids assisting in immune function. Fibrinogen 4%, that is essential 

in the clotting of blood and can be converted into insoluble fibrin. Regulatory proteins 

which make up less than 1% of plasma proteins are proteins such as enzymes, proenzymes 

and hormones.   

 Several types of human and rat serum proteins subjected to non enzymatic 

glycosylation in vivo. Large proportion of plasma proteins has circulating half lives in 

human 1-2 weeks (Rother, 2007). 

Albumin glycation 

 Human serum albumin has a single polypeptide chain consisting of 585 amino acids 
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residues having a molecular weight of 66,460D. It has been used as the model protein for 

study by physical biochemists because of its ease of purification. Albumin, once it is 

glycated, is much less efficient at carrying long chain fatty acid. One in three molecules of 

albumin are glycated, even in normal people. Glycation has the potential to alter the 

biological structure and function of the serum albumin protein. Although there are several 

lysine and arginine residues in the serum albumin structure, very few of them can take part 

in the glycation reaction. It is not clear exactly why only these residues are glycated in 

serum albumin (Marashi et al., 2005). 

 It has been known for a long time that human blood proteins like haemoglobin and 

serum albumin may undergo a slow non-enzymatic glycation, mainly by formation of a 

Schiff base between ε-amino groups of lysine or arginine residues and glucose molecules in 

blood (Iberg and Fluckiger, 1986).  

Fibrinogen glycation 

 Fibrinogen has membership of the ever-increasing list of proteins that are 

nonenzamatically glycosylated, in the early 80s. Fibrinogen is composed of three pairs of 

non-identical chains, inter-connected by several disulfide bonds. The protein has a 

molecular weight of about 340,000D, which includes a small contribution from the 

enzamatically attached carbohydrates (4%) and it has a half-life of between 3-4 days. 

Fibrinogen glycation results in altered structural/functional properties. Investigation 

showed that there was no difference in fibrinogen concentration, compaction and kinetics 

of clot formation between the diabetic subjects and non-diabetic subjects at baseline 

(Valcourt et al., 2007). 

Immunoglobulin glycation 

 Immunoglobulin G (IgG) is the immune recognition molecular protein generated by 

B cells. Immunoglobulins undergo non-enzymatic glycation reaction with sugars both in 

vivo and in vitro. Glycation of IgG is of special interest due to its possible influence on the 

functionality of immunoglobulins and overall immuno-competence (Pieters et al., 2006). 

Collagen glycation 

 This protein is one of the longest lived proteins in higher animals where it occurs 

primarily as extracellular, insoluble fibres. These fibres account for a large part of the 

organic mass of skin, tendon, blood vessels, bone, teeth, cornea and vitreous humor. 
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Collagen also provides the framework for the most of the parenchymal organs, either in its 

fibrous form or organized in basement membrane. In the body, it is continuously exposed 

to glucose in vascular and extravascular fluids.  

 Glycation damage collagen and elastin throughout the body. Recycling of these 

proteins proceeds slowly; they are out of reach of proteasomes and lysomes. Crosslinked 

and glycated extracellular proteins (collagen) contribute to pathologies of aging and 

diabetes etc. Type I collagen, the major organic component of bone matrix, undergoes a 

series of post-translational modifications that occur with ageing, such as the non-enzymatic 

glycation (Valcourt et al., 2007).  

Biochemistry of advanced glycation endproducts (AGEs) formation 

 Advanced glycation endproducts (AGEs) can be formed in several conditions 

during fermentaion, cooking or just oxidation in the atmosphere. AGEs are toxic and can 

induce mutagenesis of bacterias (Schleicher et al., 1997). AGE formation is a common 

post-translational modification of protein, even in healthy individual, and occur via 

multiple pathway (Thorpe and Baynes, 2003). It was also noted that AGE formation even 

results from lipid peroxidation (termed advanced lipoxidation endproducts, ALEs) 

(Alderson et al., 2003). Briefly, AGE formation occurs through non-enzymatic 

condensation reactions between reducing sugars/reactive intermediates and ε-amino groups 

or N-terminal groups. Although these modifications can occur on free amine-containing 

lipids and DNA, they preferentially occur on lysine and arginine amino acids. Intracellular 

AGE formation occurs within a week of exposure to hyperglycemia in cultured endothelial 

cells (Brownlee, 2001). A likely chain of events leading to AGE formation is as:  (1) 

Hyperglycemia increases cytosolic glucose and the concentrations of glycolytic 

triosephosphate intermediates as a result of glyceraldehyde phosphate dehydrogenase 

(GAPDH) inhibition. GAPDH is indirectly inhibited by mitochondrial-derived SO2- (and 

possibly directly by methylglyoxal) (Du et al., 2003). 

 Fragmentation of these triosephosphate glycolytic intermediates (glyceraldehyde-3-

phosphate and dihydroxyacetone phosphate) increases intracellular dicarbonyl formation; 

(3) Highly reactive dicarbonyls such as 1-, 3- or 4-deoxyglucosones, glyoxal and 

methylglyoxal bind rapidly to arginine/lysine/ sulfhydryl groups on intracellular proteins to 

form AGEs. It has recently been suggested that methylglyoxal at physiological 
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concentrations is itself a potent inhibitor of GAPDH (Lee et al., 2004), which, like SO2-, 

could provide more substrate for dicarbonyl formation by facilitating a build-up of 

triosephosphates. 

 

 

 

 

 

Fig. 2.5: Formation of AGEs . (Rahbar and Figarola. 2002.) 

Exogenous/ Dietary sources of AGEs 

 According to Uribarri et al. (2003), diet-derived AGE are major contributors to the 

total body AGE pool and it was postulated that a reduction in dietry AGE intake might 

impact on the high circulating AGE levels in renal failure patients. They found low dietary 

AGE intake decreased serum CML to 34%, serum MG to 35%, CML-LDL to 28% and 

CML-apoB to 25%.  Studies  
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Fig. 2.6: Structur of Different AGEs  

 (Thornalley et al., 2003 c).by Hofmann et al. have suggested that diets high in 

AGEs, such as those exposed to high temperatures, may accelerate the consequences of 

natural aging and diabetes (Hofmann et al., 2002; Goldberg et al., 2004). When tested in 

human subjects, the reduction of inflammatory mediators was observed in human diabetic 

subjects consuming low-AGE food (Vlassara et al., 2003). Further, the restriction of 

glycotoxins was found to reduce excess levels of AGEs in human subjects with renal failure 

(Uribarri et al., 2003). According to Forbes et al. (2004) long term storage or prolonged 

heating of food stuffs in the presence of sugars (browning) generates a number of AGEs. 

AGEs and their precedent glycotoxins are also present in tobacco and its byproducts 

(Vlassara, et al., 2000) as curing of tobacco produces a number of AGEs which may be 

inhaled in cigarette smoke (Creami et al., 1997). Tissue and circulating AGEs are 

significantly higher in smokers and in patients on high AGE diets (Nicholl et al., 1998). 

Taken together, these observations strongly suggest that lifestyle modification, including 
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diet, may exert potent influences on inflammation, aging, and the consequences of diabetes 

(Ramasamy et al., 2005). 

Intracellular versus extracellular AGE formation 

 It was actually believed that mostly AGEs were extracellularly formed between 

plasma glucose and proteins through nonenzymatic reactions. But it is the cells that show 

high levels of GLUT1 that are very vulnerable to the harmful effects of hyperglycemia. 

Thus, AGEs are important participants to diabetic complications (Degenhardt et al., 1997). 

Maillard reaction in organism may be a main source of plasma AGEs and intracellular  

(Thornalley, 1990; Takeuchi et al., 2000). The rate of formation of AGE from glucose is 

also much lower than that are formed from intracellular carbonyl precursors. However it is 

believed that formation of intracellular AGE is the major source of both extra- and 

intracellular AGEs. This concept is supported by the results that thiamine and benfotiamine 

can normalize raised plasma AGE concentrations in rats suffering from diabetes (Babaei-

Jadidi et al., 2004). So AGEs are very important in the progression of late complications. 

Intracellular reactions make the major contribution to serum AGEs so it cannot be 

suggested that AGEs which are formed extracellularly are unimportant. Proposed 

mechanisms by which AGE-modified proteins contribute to diabetic complications given 

the heterogeneity in the chemical structure of AGEs. Multiple mechanisms exist to which 

proteins modified by AGE can contribute to macro- and microvascular disease in insulin 

resistant patients. Three main mechanisms have been described: 

1- Plasma proteins which are modified by AGE on a different variety of cell types can 

bind to different AGE receptors, including endothelial, macrophages and mesangial 

cells. Depending on the nature  and type  of the receptor ligand interaction, this can 

signalize important signalling pathways that is induction or activation of PKC 

(Scivittaro et al., 2000); phosphorylation of Janus kinase (JAK)/ activators and signal 

transducers of transcription (STAT) (Huang et al., 2001), cascades of oxidative stress 

involving activator protein1 and nuclear factor (Schmidt et al., 1999).  

2- Changed function of intracellular proteins which is modified by AGEs involved in 

macromolecular endocytosis in endothelial cells which are exposed to hyperglycemia 

(Giardino et al., 1994). GAPDH is another intracellular protein which is modified by 

AGEs. It was previously discussed that methylglyoxal is the very reactive dicarbonyl 
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AGE precursor. It has a significant inhibitory effect upon GAPDH activity and 

structure (Lee et al., 2004).   

3-    There is altered function in extracellular components which are modified by AGEs. 

They do not normally interact with other extracellular proteins.  

 AGEs lowers elasticity in big vessels of diabetic rats and increase filtration of fluid 

across the carotid artery (Huijberts et al., 1993). According to receptor-mediated effects,   

AGE receptor blockade in the animals proposed great support to the fact that AGEs play an 

important role in late complications of type 2 diabetes (Hudson et al., 2003).  AGEs have 

the ability to change intracellular proteins, as Thorpe et al. (2003) explained arginine and 

lysine residues are most frequently found on the surface of proteins. These residues rarely 

affect most enzyme active sites. In short modified proteins through AGE have regulatory 

and biological effects. 

 Finally, it is explained that healthy individuals have the same levels of AGEs on 

extracellular proteins as those of diabetic patients, but they never suffer from diabetic 

complications (Brownlee, 1995). The significance of the AGEs ability to change the 

function of extracellular proteins is still also unclear. 

Role of AGEs in diabetic complications 

 Browning of proteins, glycation and oxidation all have been involved in the diabetic 

complications development (McCance et al., 1993; Gallery, 2001). AGEs have their role 

mainly in the pathogenesis of cataract, retinopathy, atheroseclerosis, neuropathy, diabetic 

embryopathy, nephropathy and impaired wound healing (Ahmed, 2005).  

 So it is suggested that the level of AGEs in insulin resistance is not only a reflection 

of mean blood glucose but many other factors are also involved e.g. the degradation of 

glycated proteins (Wu and Monnier, 2003). It is also pointed out that the breakdown of 

methylglyoxal is under the control of enzymes that is by glyoxalases (Thornalley, 2003b).              

It is an important step to remove AGEs from the diabetic patients dialysate who are at the 

end stage of renal disease. It can prevent pathological changes not only in the kidney but in 

the macro- and microvasculature as a whole (Aso et al.,2000). With respect to the 

macrovasculature, multiple mechanisms are involved to afford proatherogenic effects of 

AGEs on the vessel wall; release of growth factors and inflammatory cytokin; changes in 

extracellular matrix permeability, the quality of the vessel wall to change vascular tone,  
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changes of properties of the endothelium  which are antithrombotic and raised expression 

of chemokines and adhesion molecules on vascular cells (Schmidt et al., 1999). Recently it 

was found that AGEs level in serum are significantly increased in insulin resistant patients 

with cardiovascular disease (Kilhovd et al., 1999). Monnier et al., (2004) also pointed out 

that a component which is fluorescent in skin biopsies showed the development of 

cardiovascular disease in type 2 diabetes. The chemical nature of this component is still 

unclear.  According to these findings, further studies are needed to clarify the nature of the 

association between AGEs and insulin resistance associated macrovascular disease. Further 

research are also required to establish, are AGEs play a pathogenic role in the diabetic 

neuropathy development (Ryle et al., 1997; Sugimoto et al., 1997). According to Peppa 

and Raptis (2008) advanced glycation end products play an important role in the 

progression and development of cardiovascular disease by induction of inflammation and 

oxidative stress. AGEs are a group of heterogenous molecules which are formed by the 

reaction of reducing sugars the nonenzymatic reaction with amino acids of lipids, proteins 

and nucleic acids. 

 AGEs are linked to atherosclerosis in many ways which include elevate low-density 

lipoprotein (LDL) levels due to reduced LDL uptake, increase endothelial dysfunction, 

promoting plaque destabilization, inhibition of vascular repair in response to any injury, 

induction of neointimal proliferation. Serum levels of AGEs have increased in patients with 

insulin resistance and coronary heart disease (Kilhovd et al., 1999). Furthermore, AGEs 

have been localized to macrophages, atherosclerotic lesions, lipid-containing muscle cells 

and fatty streaks in individuals with diabetes (Friedman 1999; Schleicher et al., 1997). A 

correlation between the severity of atherosclerotic lesions and tissue AGE concentration 

has also been demonstrated (Still et al., 1997). Multiple potential mechanisms have been 

appeared to postulate how AGEs may enhance atherosclerosis. AGEs impaired removal of 

LDL by glycating LDL in the subendothelium and lowering recognition of LDL receptor 

which is modified LDL with AGE by quenching nitric oxide (Bucala et al., 1994). When 

AGE bind to apolipoprotein (apo) B it accelerates its hepatic clearance, and causes 

increased retention of LDL. It also increased the recognition by macrophages in the aortic 

wall. Consequently, localization of AGE-LDL is increased in vessels and production of 

foam cells is increased and accelerated formation of atheroma (an atheroma is an 
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accumulation and swelling in artery walls that is made up of macrophage cells that contain 

lipids) (Sobenin et al., 1993).  

  Forbes et al. (2004) have shown that achievement of plaque area can be attenuated 

in a murine model of atherosclerosis which is diabetes-associated with the AGE inhibitor 

aminoguanidine. These results in reduced concentration of AGEs within the aortas,  

diminished expression of various collagens and prosclerotic growth factors and less 

expression of RAGE. Animal studies in which sRAGE is used either as a preventative 

strategy (Park et al., 1998) or delayed intervention (Bucciarelli 2002), resulted in depressed 

vascular lesion formation.  

Diabetic cardiomyopathy and peripheral arterial disease  

 Patients with insulin resistance are more prone to develop cardiomyopathy and heart 

failure than non insulin resistance subjects (Bell 2003). Furthermore, cross-linking of 

collagen is considered to play an important role in the development of diabetic 

cardiomyopathy (Berg et al., 1999). High levels of serum AGE pentosidine which is 

fluorescent are also associated with both increased arterial stiffening and carotid media wall 

thickness (Yoshino et al., 2002). Increased levels of malondialdehyde and pentosidine have 

also been observed in diabetic patients with cardiovascular disease (Lapolla et al., 2007). 

 Glycated LDL, a component of blood and a type of low-density lipoprotein is 

known to be elevated in diabetics.  LDL increases the risk of a heart attack in diabetics 

(Rahbar and Figarola 2002). The association of glycated LDL with myocardial infarction 

could explain why diabetes is a risk factor for MI (heart attack). In fact, glycated LDL is 

more easily oxidized than normal LDL and more easily metabolized by macrophages, the 

precursors of foam cells of the atherosclerotic plaque (Rotteveel et al., 2008). This is 

probably because the sugar molecule attached to the apoprotein B of LDL interferes with 

the link of the apoprotein with its membrane receptor also in glycated apoprotein B, like 

glycated hemoglobin (HbA1c), is present non-diabetics and its increase could be due to 

temporary hyperglycemia caused by a high-glycemic-load meal, by stress and by other 

conditions (Gallop et al., 1981: Wilson et al., 2005).  

 It is a fact that glycated LDL is higher in insulin resistant patients than non insulin 

resistants. However, study of Zoccali and Puntorieri (2008) has proven that glycated levels 

increase risks of heart attacks in both diabetic people and persons without diabetes. 
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Chapter-3 

MATERIALS AND METHODS 

 

 The main objective of the project was to evaluate an overview of insulin resistance 

and its relationship to cardiosvascular diseases, hyperlipidemia, hypertension, myocardial 

ischemia, myocardial infarction, nephropathy and diabetic patients. For this study the 

glycation level was analyzed in all these patients. ELISA was performed to check the AGE 

products.                                                                                                                             

 A total of 400 male patients with and without type II diabetes, 200 in each case 

between the age of 40-60 were enrolled in this study. The subjects were grouped as:                            

Normal   

1    A group of 50 non diabetics with hyperlipidemia having no cardiovascular 

symptoms.        

2.   A group of 50 non diabetic patients having hyperlipidemia and hypertension.        

3.   A group of 50 non diabetic patients having hyperlipidemia, hypertension and 

myocardial ischemia without infarction.                                                  

4.  A group of 50 non diabetic patients having hyperlipidemia, hypertnsion and 

previous attack of myocardial infarction.  

DIABETIC 

1.  A group of 50 diabetics with hyperlipidemia having no cardiovascular symptoms.        

2.   A group of 50 diabetic patients having hyperlipidemia and hypertension.        

3.   A group of 50 diabetic patients having hyperlipidemia, hypertension and myocardial 

ischemia without infarction.                                                 .                                                               

4.  A group of diabetic patients having hyperlipidemia, hypertnsion and previous attack 

of myocardial infarction. . 

                A total 50 healthy subjects, non diabetic with no history of cardiovascular diseases 

was taken as control. Samples were analyzed for biochemical analysis of following 

parameters. 
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1. Insulin level       2. Glucose     3. Total protein    4. HbA1c    5. Serum C-peptide      

6.Total cholesterol       7. Low density lipoprotein     8. High density lipoprotein         

9. Glycation 10. AGE                                                                                        

(a)- Plasma collection 

 Blood samples of diabetic patients who were clinically diagnosed by Physicians 

were collected from D.H.Q. Hospital Faisalabad, National Hospital Faisalabad, Chiniot 

Dialysis Centre Faisalabad, and Allied Hospital Faisalabad, Pakistan.  

 Blood sample from each patient was collected by using sterilize disposable syringe 

by venopuncture. The blood was transferred into EDTA (anticoagulant) containing tubes. 

The samples were mixed gently by tapping and were then centrifuge at 3000 rpm. Plasma 

fractions were collected and stored at -20 oC. Normal plasma was pooled from blood 

samples of healthy male. 

ANALYTICAL 

Glucose estimation by Kit method 

 Glucose was estimated (all the combinations having glucose), before and after dialysis to 

check that either free glucose is removed after dialysis and level of hyperglycemia or 

concentration of glucose  is decreased that will directly effect the glycation and AGE 

production.  

Enzymatic kinetic colorimetric test (GOD-PAP) 

Principle 

 Enzymatic colorimetric test on the basis of Trinder-Reaction. Glucose is 

transformed by glucose oxidase to gluconate and hydrogen peroxide which in the presence 

of peroxidase, oxidizes the phenol and amino-antipyrine to form red chinonimin whose 

intensity of colour is proportional to presence of glucose 

 
Glucose + O2 +H2O   Glucose oxidase          gluconate +H2O2 

 
2H2O2 +Phenol +4-amino-antipyrine  Peroxidase        red chinonimin +4H2O 

 Standard  

 Glucose   100 mg/dL (5.55 mmol/L) 

 Procedure 

 Pipetted out 10 µL of sample and 1000 µL of buffer enzyme reagent, mixed and 
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incubate for 90 seconds at 37 oC, then read absorbance at 546 nm and start stopwatch at the 

same time. Repeat reading after exactly 5 minutes. Determined the absorbance change per 

minute (∆A/min) and used this for the calculation (Biocon Kit Method). 

Determination of protein concentration 

 The plasma protein concentration in all combinations having protein was 

determined by Biuret method (Gornall et al., 1949) before and after dialysis. 

Biuret method 

 Biuret reagent was prepared by dissolving 1.5 g copper sulphate pent-hydrate and 

6.0 g sodium potassium tartarate tetra-hydrate in 500 mL distilled water. In this 300 mL of 

10 % NaOH solution was added with swirling and final volume made up to 1 liter. The 

solution was stored in dark colour bottle at 4 oC. 

Procedure 

 To 1 mL of appropriate diluted plasma protein solution, 1mL of Biuret reagent was 

added and incubated for 15 minute at 37 ºC. The tubes were cooled and absorbance at 540 

nm was measured against an incubated blank. The standard curve was constructed by using 

bovine serum albumin as standard. 
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Figure 3.1: Standard curve for protein estimation by Biuret method 

Dialysis 

 As free glucose is the major hindrance in estimation of glycation level so it was 

removed by using dialyzing membrane. Plasma samples were dialyzed against dist. H2O for 



 40

24 hours at constant stirring at room temperature. After dialysis, samples were again placed 

in 5 mL capped glass tubes at -20 oC.  Glycated albumin was also dialysed against dist. 

H2O at 4oC and samples were stored (For ELISA standard) at -20 oC.  

Measurement of glycation level 

 After dialysis two methods were used for the measurement of glycation level. These 

were Thiobarbituric Acid (TBA) and Periodate Borohydride colorimetric techniques. 

Thiobarbituric Acid (TBA) Colorimetric Technique 

 TBA technique was used for the determination of both enzymatic and non-

enzymatic glycation (Furth, 1988). This method is based upon the reaction between 

fructose – amino acids and weak acid, yielding 5- hydroxymethyl furfural (HMF). This 

method is introduced for glycated haemoglobin as this method is specific for ketoamine 

linkage and to detect glycation at all sites (both at amino terminus and intrachain) of a 

protein (Fluckiger and Winterhalter, 1976). 

Table 3.3: Solution Preparation for TBA 

S# Contents Concentration 

1 0.1N NaOH 0.4 g/100 mL dist. H2O 

2 NaBH4 0.02584 g/2 mLNaOH 

3 1N HCl          4.55 mL/ 50 mL dist. H2O 

4 0.05N TCA   40 g/100 mL dist. H2O 

5 Oxalic Acid   9 g/ 100 mL dist. H2O 

6 TBA   0.72 g/100 mL dist. H2O 

 
Standard Preparation 

Using fructose 0.9 g/100 mL (5 mM) standards were prepared from 100 nmole to 500 

nmole/ mL of fructose.    

Procedure 

1- Dialyzed plasma 1mL was used (protein cnocenration 10 mg) in buffer tubes. 

2- Added 0.1mL of NaBH4 in reduced and 0.1mL of NaOH in non reduced labeled 

samples. Leaved the tubes for 30 minutes at 37 oC. 
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3- One drop of 1N HCl was added in each tube followed by 0.5 mL addition of oxalic 

acid. 

4-  Capped the tubes and autoclave for 15 minutes. 

5- After autoclaving, cooled the tubes and put them in ice. Then 0.5 mL of chilled 

TCA was added in each tube. 

6- Centrifuge samples for 15 minutes at 15,000 rpm, supernatant was taken (1L) and 1 

mL of TBA was added. 

7-  The samples were incubated at 37oC for 15 minutes and reading was noted at 443 

nm.   

Non Enzymatic Glycation 

Non enzymatic glycation was determined as follows. 

NE Glycation = (C Glycation + E Glycation) - E Glycation 

NE-Non Enzymatic 

E- Enzymatic 

C- Collective 
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Figure 3.2: Standard curve of fructose for HMF production 
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Estimation of advanced glycation end products (AGEs) 

 The AGE formation was assessed by their characteristic fluorescence emission 

spectra at 440 nm after excitation at 370 nm through spectrofluorometer. 

Advanced glycation end products (AGEs) detection through ELISA 

 Advanced glycosylation end products (AGE) were determined by using ELISA.  

a- Anti- AGE immunoglobulins  

 Anti-AGE immunoglobulins (Antibodies) were purchased commercially from 

Sigma. 

 b- Preparation of AGEs 

 AGE – BSA were prepared by using bovine serum albumin (BSA) according to 

Zhang et al. (2005). 

 c-   Enzyme Linked Immunosorbent Assay (ELISA)  

 ELISA was performed by using alkaline phosphatase enzyme and para nitrophenyl 

phosphate as a substrate, following the procedure of Zhang et al. (2005) with slight 

changes according to laboratory conditions. 

Procedure 

i. Dilute the antigen to a final concentration of 20 µg/mL in PBS. Coated the wells of 

PVC microtiter plate with the antigen by pipeting 50µL of the antigen dilution per 

well. 

ii. Covered the plate with an adhesive plastic and incubate for 2 hours at room 

temperature. 

iii. Removed the coating solution and wash the plate twice by filling the wells with 300 

µL PBS. The solutions or washes were removed by flicking the plate over a sink. 

The remaining drops were removed by patting the plate on a paper towel. 

iv. Block the remaining protein binding sites in the coated wells by adding 300 µL 

blocking buffer, 5% non fat dry milk PBS per well. 

v. Covered the plate with an adhesive plastic and incubate for at least 2 hours at room 

temperature or, if more convenient overnight at 4 oC. 

vi. Washed the plate twice with PBS. 
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vii.  Make ten fold dilutions (1:100, 1: 1000, 1: 10,000, 1: 100,000 and 1:1000,000) of 

plasma in blocking buffer. Added 50 µL of each  suitable dilution to an antigen 

coated well.  

viii.  Covered the plate with an adhesive plastic and incubate for 2 hours at room 

temperature. 

ix.  Washed the plate four times with PBS. 

x. Added 50 µL of secondary anti-species antibody conjugated to alkaline 

phosphatase, diluted at the optimal concentration (according to manufacturer) in 

blocking buffer immediately before use. 

xi. Covered the plate with an adhesive plastic and incubate for 2 hours at room 

temperature. 

xii. Washed the plate four times with PBS. 

xiii. Dissolved p. nitrophenyl phosphate at a concentration of 1mg/mL in substrate 

buffer (1 M di-ethanolamine, 0.5 mM MgCl2, pH 9.8). 50 µL of substrate solution 

was added per well. 

xiv. Measured the absorbance at 405 nm, using microtiter plate spectrophotometer. 

Performed end point measurement after 1 hour. 

Method for HbA1c 

 The formation of glycohemoglobin occurs irreversibly and progressively in the 

erythrocytes throughout the normal cells 120-day life span. Since the concentration of 

glycohemoglobin in the erythrocytes reflects the average blood glucose level of the past 4 

to 6 weeks and is stable for the life of the erythrocytes, the measurement of 

glycohemoglobin provides a very valuable test for assessing the long term control of 

diabetic patients.   

Reaction Principle  

 Whole blood is mixed with a lysing reagent containing a detergent and a high 

concentration of borate ions. Elimination of the labile schiff base is thus achieved during 

the hemolysis. The hemolyzed preparation of whole blood is then mixed for 5 minutes with 

a weakly binding cation exchange resin. During this time, Hba binds to the resin. After the 

mixing period, a special resin separation is used to remove the resin from the supernatant 

fluid which contains the HbA. The glycohemoglobin percentage of total hemoglobin in a 
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blood sample is determined by measuring the absorbance of the glycohemoglobin fraction 

and of the total hemoglobin fraction at 415 nm or Hg 405 nm in comparison with a 

standard glycohemoglobin preparation carried through the test procedure.   

Contents and Composition of Reagents 

Reagent 1 30 ml potassium biphthalate 50 mmol/L. Detergnet, pH 5.0.  

Reagent 2 50 ml phosphate buffer 48 mmol/L pH 6.5 sodium azide 0.95 g/L  

Reagent 3 450 ml phosphate buffer 72 mmol/L, pH 6.4 sodium azide 0.95 g/L 

 Microcolumns contain a pre-weighed amount of resin equilibrated 

with phosphate buffer.  

 
 Use only columns and reagent 2 and 3 of the same lot number. Because the reagents 

contain sodium azide, it is advisable not to pipette them out by mouth.  

Additional Equipment 

Spectrophotometer or photometer with a 415 nm filter (405-425) 

Samples 

 Whole blood collected in haparin or EDTA, stable for at least 10 days at 2-8oC 

Procedure  

Hemolysate Preparation and Labile Fraction Elimination  

1. Bring the columns and reagents to room temperature (21-26oC) (Note 1), for a few 

minutes.  

2. Pipette into a test tube 

Blood 

Reagent 1 

50 l 

200 l 

 

3. Shake thoroughly and let it stand at room temperature for 10-15 minutes. This 

hemolysate will be used in steps 5 and 10.  

Column Preparation (Notes 2 and 3) 

4. Always remove the upper cap from the column first and the lower cap second. 

Then, using the rounded end of a pipette, push the upper disc down to the resin 

surface taking care not to compress it. Let the column drain completely to waste.  
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Separation and Reading of HbA1c fraction  

5. Carefully pipette on the upper filter  

Hemolysate 50 L Let the column drain to waste 

   

6. In order to drain any sample residue left above the upper disc pipette 

Reagent 2 200 L Let the column drain to waste  

 

7. Pipette  

Reagent 2 2.0 mL Let the column drain to waste  

 

8. Place the column over a test tube (16 x100 mm) and add.  

Reagent 2 4.0 L Collect the eluate (HbA1c fraction) 

                     

9. Shake thoroughly and read the absorbance (A) of the HbA1c fraction at 415 nm 

against distilled water (AHbA1c). 

Reading of Hb Total 

10 Pipette into a test tube (16 x 160 mm) 

Reagent 3 

Hemolysate 

12.0 mL 

50 L 

                                 

11. Shake thoroughly and read the absorbance (A) at 415 nm against distilled water 

(AHbTOTAL) 

Calculations 

AHbAIC 

-------- x 100 = % HbAIc (Note)  

3 x AHbTotal          

Normal Values 

Mean Value  : 5.2 ± 0.45% 

Normal Range  : 4.2-6.2% 

This range is given for orientation only; each laboratory should establish its own normal 
range.  
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Notes: 

1. The obtained values are temperature independent (when) working in the 

recommended interval (21-26oC). If working temperature is out of range, multiply 

the obtained value by the corresponding factor shown in the following table: 

Working Temperature  Factor  

180C 1.29 

19oC 1.18 

20oC 1.12 

27-30oC 0.91 

   

2. The long term storage of the columns leads to an excessive packing of the resin 

diminishing the flow rate and lengthening the elution step. To regain the flow 

efficiency it is advisable to invert the column to resuspend the contents (10 minutes 

before starting the test), place them back to their upright position and let the resin 

settle for a few minutes.  

3. Some air bubbles may occasionally appear inside the resin bed.  

 Method for Serum C-peptide 

Serum c-peptide was measured by ELISA using method of (Horwitz et al., 1975).  

      

Fig. Caliberation Curve of C-Peptide 
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Fig : Calibration curve of C-peptide 
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METHOD FOR INSULIN  

 Insulin level was determined by ELISA, using method of Clark and Hales (1994). 

Enzyme Linked Immunosorbent Assay  

Introduction  

 ELISA is an immune assay technique involving reaction of antigen an antibody in 

vitro. ELISA is highly specific and sensitive assay for detection and quantitation.  

 This technique can also detect bacterial or viral and parasitic diseases may be in 

human, veterinary or in plants. ELISA tests are preformed in micro well plates.  

Principle  

 In this technique, an antibody coated solid is incubated with antigen solution to be 

assayed. Antigen molecules present in test solution bind to the immobilized antibody 

molecules. Then an antibody enzyme conjugate is added to the reaction mixture. The 

antibody portion of the complex binds to any antigen molecules that were bound 

previously, creating an “antibody-antigen antibody. After washing away any unbound 

conjugate substrate is then added. After a set interval, the reaction is stopped and 

concentration of colored product formed is determined by spectrophotometer. The 

concentration is proportional to concentration of bound antigen.  

Reagents  

4.1. Serozyme Anti-Insulin Reagent 1 vial  

 The vial contains fluoroescein-labelled monoclonal antiserum to insulin in 

phosphate buffer with bovine serum proteins and sodium azide, 0.09% w/w. 5.0 mL. 

4.2. Serozyme Insulin Derivative 1 vial  

 The vial contains bovine alkaline phosphatase labeled anti-insulin antibody in 

phosphate buffer with bovine serum albumin and sodium azide, 0.9% w/w 5.0 mL. 

4.3. SR1/SZ insulin Standards 6 Vials  

 Each vial contains 0, 12, 24, 60, 20 and 200 �l U (Ref. Ist IRP 66/304) in 

lyophilized bovine serum with preservatives including sodium azide (0.09% w/w). 1.0 mL 

pervial for each standard after reconstitution. The exact concentrations of each standard are 

printed on the “Certificate of Analysis” enclosed in the kit.  

4.4.  Insulin Diluent  

 Insulin diluent contains bovine serum with preservatives including sodium azide 
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(0.9% w/w) lyophilized (Part # 60624).  

4.5. Serozym Separation Reagent 0.6% S 1, Vial  

4.6. Serozyme Wash Concentrate (33 mL) 1 Vial  

 The vial contains a surfactant and a preservative in Tris buffer, 33 mL.  

4.7. Serozyme Substrate, 2 Vials  

 Each contains phenolphthalein monophosphate (PM) and an enzyme cofactor in a 

buffer solution 15.0 mL. 

4.8. Serozyme Stop Solution S 1 Vial  

 Each vial contain a chelating agent and sodium hydroxide <1% w/w in buffer, pH > 

10. 100 mL. 

4.9. Serotest M 1 Vial  

 The vial contains lyophilized human serum with sodium azide (0.9% w/v) as 

preservative 1 mL after reconstitution.          
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Preparation for Assay 

 For each assay, prepare the following groups of tubes and place in the rack: 

 * 2 tubes for zero standard 

 * 2 tubes for each standard concentration  

 * 2 tubes for each serum, plasma and control 

 Allow reagents to warm at room temperature (18-25oC) and mix gently before 

using.  Set water bath at 37oC ± 1oC. 

Set up Sero-enzyme Photometer (see Operator’s Manual for details).  

Pipetting and Incubation Steps   

1. Pipette, 0.100 mL standards, samples and control into the appropriately labeled  

 

 

 

8. Slide the rack of tubes into the Magnetic Separator and allow the particles to 

sediment magnetically for 2 minutes. Decant the supernatant from all tubes in the 

rack by inverting the Separator in one large, slow circular movement. Place the 

inverted Separator on absorbent paper and hit the base of the Separator firmly 

several times to dislodge any droplets of liquid adhering to the sides of the tubes.    

9. Set the separator upright and 1.0 mL of wash buffer to each tube.  

10. Vortex vigorously, slide the rack of tubes into the Magnetic separator; check to see 

that all tubes are in are in contact with the surface of the separator. Wait for 2 

minutes to allow particles to sediment magnetically. Decant the supernatant from  

tubes in the rack by inverting the separator.  

11. Set the Separator upright and 1.0 ml of Wash Buffer to each tube.  

12. Vortex vigorously, slide the rack of tubes into the Magnetic separator, check to see 

that all tubes are in contact with the surface of the separator. Wait for 2 minutes to 

allow particles to sediment magnetically. Decant the supernatant from all tubes in 

the rack by inverting the separator.  

13. Remove the rack from the separator and pipette 0.300 of substrate solution into each 

tubes.  

14. Vortex and incubates for 30 minutes at 37oC 

tubes in duplicate.  

2. Dispense 0.050 mL Anti-Insulin FITC conjugate into each tube.  

3. Dispense 0.050 mL anti-Insulin ALP conjugate into each tube.  

4. Gently vortex-mix all the tubes using a multivortex.  

5. Incubate the tubes for 30 minutes at 37oC 

6. Dispense 0.200 mL of thoroughly mixed Separation Reagent into Each tube.  

7. Gently vortex-mix and incubate for 6 minutes at 37oC.
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15. Pipette 1.0 ml of Stop Solution  

16. Slide the rack into the Magnetic Separator and allow the particles to sediment for 10 

minutes.  

17. Measure the absorbance for standards, controls and samples at 550 and 492 nm.  

lipoprotein (HDL), total triglycerides, Random blood sugar test (RBS). These will 

be measured by using commercially available kits. 

3.7 Lipid Profile Test 

Total Cholesterol, Serum low density lipoprotein (LDL), Serum high density 

lipoprotein (HDL), total triglycerides, Random blood sugar test (RBS). These will be 

measured by using commercially available kits. 

3.7.1 Cholesterol: 

                          The Cholesterol was determined after enzymatic hydrolysis and oxidation 

(Artiss and Zak, 1997).  

Principle 

  Cholesterol is hydrolyzed into free cholesterol and fatty acids by cholesterol 

esterase. The cholesterol is oxidized into cholestene-3-one and H2O2 in the reaction 

catalyzed by cholesterol oxidase. The peroxidase catalyzes the reaction between H2O2, 4-

aminophenazone and hydroxybenzoate to produce red quinoneimine whose intensity of 

colour is proportional to the total cholesterol present in the sample. 

                                                Cholesterol esterase 

Cholesterin ester +H2O                                               Cholesterol + fatty acids 
 

                                     Cholesterol oxidase 
Cholesterol + O2                                               Cholesten-3-one +H2O2 

 
                                                                 Peroxidase 
2H2O2 + Phenol 4-amino antipyrine                Quinoneimine Dye + 4H2O 

 
The cholesterol was determined after enzymatic hydrolysis and oxidation. 

Reagents 

1. Enzyme reagents 

2. Cholesterol standard 200 mg/dl. 
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Reagent Composition 
Contents               Concentration 

Pipes buffer, pH 6.9 90mmol/L 

Phenol 26mmol/L 
Cholesterol Oxidase 200U/l 
Cholesterol esterase 300 U/L 
Peroxidase 1250mmoU/L 

4-amino antipyrine 0.4mmol/L 

 
Procedure 

    Pipetted out 10µl of serum sample mixed with 1000 µl of reagent. Incubated for 

10 minutes at 37oC and measured the absorbance of sample against the reagent blank 

within 60 minutes at 546 nm. The same procedure was repeated for cholesterol standard 

solution. 

Calculations: 

Absorbance of sample          ×    200 = Cholesterol mg/dl OR 5.17= Cholesterol mmol/L 
Absorbance of standard      
 
High Density Lipoprotein (HDL-C) 

Principle 

    The high density lipoproteins (HDL) of sample are separated from chylomicrons  

from very low density lipoprotein (VLDL) and low density lipoprotein (LDL) by adding of 

a precipitant reagent (PEG 6000) in serum or plasma. After centrifugation, the cholesterol 

contents of HDL, fraction remained in supernatant is determined with enzymatic 

colorimetric method consists cholesterol esterase, cholesterol oxidase, peroxides and 4-

aminoantipyrine (Lopes-Virella et al., 1977). 

Reagent Concentration: 

R1: 

i) Phosphotungstic acid                             0.05mmol/L 

ii) Magnesium chloride                                 25mmol/L 

Procedure 

 Pipetted out 500 µl of plasma sample and 500 µl of precipitant reagent in a 

centrifuge test tube mix carefully and let it stand for 10 minutes, mixing twice during this 
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period. After centrifugation supernatant was obtained. Pipetted out 20 µl of HDL 

supernatant and added 1000 µl of total cholesterol reagent. Mix well and incubate for 10 

minutes at 37oC and measure the absorbance of sample against the reagent blank within 60 

minutes at 546 nm. The same procedure was repeated for cholesterol HDL standard 

solution. 

Calculations: 

Absorbance of sample             100 = mg cholesterol HDL/dl OR 
Absorbance of standard × 2.58 = mmol/L cholesterol HDL/L 
Low Density Lipoprotein (LDL-C) 

Principle 

            Low density lipoproteins are precipitated by Heparin at their isoelectric point (pH 

5.12). After centrifugation, the very low density lipoprotein and high density lipoprotein 

contents remained in supernatant was determined with enzymatic colorimetric method 

(Friedewald et al., 1972). 

Reagent Concentration 

Heparin                                         0.68g/L 

Sodium Citrate                            0.064mol/L 

Stabilizers                                    2% 

Procedure 

               Pipetted out 100µl of sample and 1000µl LDL in the centrifuge tubes.Mixed well. 

Let stand for 10min at room temperature and centrifuged them for 10min at 4000 rpm. 

After centrifugation separated the clear supernatant from the precipitate. Then pipetted out 

100µl LDL supernatant and added 1000µl of cholesterol reagent. Mixed well and incubated 

for 10min at 37oC, then measured the absorbance of sample against the reagent blank 

within 60 min at 546nm. The same procedure was repeated for cholesterol LDL standard 

solution. 

Calculations 

          Macro (mg/dL) 

          1028×DA 

  
Low density lipoproteins were calculated by calculation as under: 
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LDL-cholesterol mg/dl =Total cholesterol – HDLC – Triglyceride/5 

 
Statistical analysis 

 Data were analyzed using statistical techniques like average, standard error (S.E) 

and mean etc. (Steel et al., 1997). 
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Chapter-4 

RESULTS AND DISCUSSION 

 Insulin resistant patients have a clearly increased risk of cardiovascular morbidity 

and mortality. Hyperglycemia contributes to the higher cardiovascular risk. AGE play an 

important role in development and progression of cardiovascular in diabetes. Serum level 

of AGE is increased in diabetes with cardiovascular as compared to diabetes without 

cardiovascular disease.  

 AGEs are a structurally assorted class of complex, often uneven, reactive 

heterocyclic molecules (Westwood and Thornally, 1997). Once AGEs formed, they 

interrelate with nearest proteins to produce cross linkages that solidify the tissues. 

According to the glycation hypothesis amassing of AGEs modify the structural properties 

of tissue proteins and decrease their receptiveness to catabolism. No other molecule has the 

potential toxic effects on proteins as AGEs (Dyer, 1993).    

 ELISA was stadardized for the analysis of defined AGE compounds from plasma. 

Glycation assay, Thiobarbituric Acid (TBA) was used to measure the glycation level. The 

results obtained during the investigation are presented and discussed below. 

Glycation level by TBA method  

 The nonenzymatic glycosylation (glycation) of proteins is a multistage chemical 

process starting as a condensation reaction between reducing sugars and primary amino 

groups (mainly from the side chains of Lys and Arg) and ending up with formation of 

complex heterocyclic compounds called AGEs (Stoynev et al., 2004). In present study, 

normal, insulin resistant and cardiovascular diseased patients plasma samples were also 

dialyzed before the measurement of glycation level by TBA method. 

Level of glycation in normal subjects 

 In normal subjects the level of glycation varied from minimum value of 0.2 

mole/mole of protein to a maximum value of 0.8 mole/mole of protein. The level of 

glycation in normal subjects revealed mean ± SD value of 0.474 ± 0.166366 (Appendix 1).  

Level of glycation in hyperlipidemic patients 

 In hyperlipidemic patients the level of glycation varied from minimum value of 0.34 

mole/mole of protein to a maximum value of 0.81 mole/mole of protein. The level of 
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glycation in hyperlipidemic patients revealed mean ± SD value of 0.579 ± 0.135726 

(Appendix 2). 

Level of glycation in hyperlipidemic and hypertensive patients 

 In hyperlipidemic and hypertensive patients the level of glycation varied from 0.35 

minimum value of mole/mole of protein to a maximum value of 0.81 mole/mole of protein. 

The level of glycation in hyperlipidemic and hypertensive patients revealed mean ± SD 

value of 0.5652 ± 0.131199 (Appendix 3). 

Level of glycation in myocardial ischemial patients  

 In myocardial ischemial patients the level of glycation varied from minimum value 

of 0.31 mole/mole of protein to a maximum value of 0.84 mole/mole of protein. The level 

of glycation in myocardial ischemial patients revealed mean ± SD value of 0.5978 ± 

0.131759 (Appendix 4). 

Level of glycation in myocardial infarction patients 

 In myocardial infarction patients the level of glycation varied from minimum value 

of 0.31 mole/mole of protein to a maximum value of 0.84 mole/mole of protein. The level 

of glycation in myocardial infarction patients revealed mean ±SD value of 0.5658± 

0.134241 (Appendix 5). 

Level of glycation in diabetic patients with hyperlipidemia 

 In diabetic patients with hyperlipidemia the level of glycation varied from minimum 

value of 0.99 mole/mole of protein to a maximum value of 1.99 mole/mole of protein. The 

level of glycation in diabetic patients with hyperlipidemia revealed mean ± SD value of 

1.6462 ± 0.238087 (Appendix 6).  

Level of glycation in diabetic patients with hyperlipidemic and hypertensive  

 In diabetic patients with hyperlipidemia and hypertension the level of glycation 

varied from minimum value of 0.96 mole/mole of protein to a maximum value of 2.03 

mole/mole of protein. The level of glycation in diabetic patients with hyperlipidemia and 

hypertension revealed mean ± SD value of 1.6928 ± 0.284749 (Appendix 7). 

Level of glycation in diabetic patients with myocardial ischemia  

 In diabetic patients with myocardial ischemia the level of glycation varied from 

minimum value of 0.98 mole/mole of protein to a maximum value of 2.1 mole/mole of 

protein. The level of glycation in diabetic patients with myocardial ischemia revealed mean 
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± SD value of 1.6506 ± 0.299608 (Appendix 8). 

Level of glycation in diabetic patients with myocardial infarction  

 In diabetic patients with myocardial infarction the level of glycation varied from 

minimum value of 1.12 mole/mole of protein to a maximum value of 2.1 mole/mole of 

protein. The level of glycation in diabetic patients with myocardial infarction revealed 

mean ± SD value of 1.7096 ±  0.268039 (Appendix 9).   

Our results are in line of Kumar et al. (1988) who estimated glycated proteins by TBA 

method. 

  
The glycation level in different groups are shown in fig  
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Analysis of variance for glycation level 

 Analysis of variance for glycation in different groups and average values of 

glycation level are shown in Table 1. 
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Table 1:  Analysis of variance for glycation level 

 

 The table 1 indicates that normal persons have lesser amount of glycation level as 

compared to other groups. The glycation value of cardiovascular diseased patients due to 

diabetes is greater than that of cardiovascular disease without diabetes. There is also a 

significant difference (P<0.0001) in glycation level between groups. 

 The results are also supported by Halton et al. (1993) who also proved that non 

enzymatic glycation occurs when protein is in solution of sugar. The product of this 

reaction is a covalently linked glycated protein. Plasma protein normally undergoes 

glycation whenever there is insulin resistance or hyperglycemia due to diabetes, but it 

never happens in normal subjects. The principle glycated proteins are albumin fructose, 

glucose, galactose and ribose.    

 Our results are in good agreement with Austin et al. (1990) who reported that in 

vivo glycation for most plasma proteins was very low in normal subjects. On the other 

hand, in diabetic patients glycation was greater. The data evaluated by Stoynev et al. 

(2004) argued our results as they studied non enzymatic glycosylation of proteins and their 

results indicated high level of glycation in diabetic patients. 

 Our results are also in accordance with the Argirov et al. (2003) who studied that 

proteins are posttranslationally modified by sugars and their degradations products. They 

called this process as glycation. Our results are also supported by Fu et al. (1994) findings 

Sov D.F S.S M.S F P 

Model 8 139.5957271 17.4494659 394.52 <0.0001 

Normal vs. 

Dieseas 

1 18.8862674 18.8862674 427.00 <0.0001 

Heart vs. 

Diabetes 

1 120.5274623 120.5274623 2725.02 <0.0001 

Within 

Heart 

3 0.3506550 0.01168850 0.66 0.5786 

Within 

Diabetes 

3 0.14693200 0.04897733 0.65 0.5811 

Error 441 19.5054340 0.0442300   
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who concluded that the Maillard reaction between sugar and proteins contributes to the 

increased chemical modification and cross-linking of long lived tissue proteins in diabetes. 

Advanced glycosylation end products (AGEs) detection 

 Advanced glycosylation end products were estimated by ELISA in cardiovascular 

diseased patients plasma with or without diabetes. 

Fluorescence measurement with normal, cardiovascular diseased patients plasma with 

or without diabetes 

 Glucose and protein crosslinking shows fluorescence and in disease conditions e.g. 

diabetes and myocardial infarction crosslinking of glucose increases due to persistent 

hyperglycemia, which in turn increases fluorescence. Formation of AGEs in normal and 

diseased patients plasma was assessed by their characteristic fluorescence emission spectra 

at 440nm after excitationat 370nm. The results were calculated as fluorescence/ total 

protein ratios and it was taken as a non-specific marker of AGE production. ELISA and 

immunochemical assays for the detection, localization and quantification of AGEs in 

different tissues using monocolonal and polycolonals antibodies have been developed 

(Vasan et al., 1996; Niwa et al., 1997). By taking this advantage of specific antibodies 

against AGEs an ELISA system was used, following the procedure of Zhang et al. (2005) 

with slight changes according to laboratory conditions.  

Level of AGE in normal subjects 

 In normal subjects the level of AGE varied from minimum value of 46.73/µg of 

plasma protein to a maximum value of 71.45 /µg of plasma protein. The level of AGE in 

normal subjects revealed mean ± SD value of 59.71329 ± 6.375402 (Appendix 1).   

Level of AGE in hyperlipidemic patients 

 In hyperlipidemic patients the level of AGE varied from minimum value of   

47.23/µg of plasma protein to a maximum value of 85.46/µg of plasma protein. The level 

of AGE in hyperlipidemic patients revealed mean ± SD value of 67.08678 ± 10.55528 

(Appendix 2). 

Level of AGE in hyperlipidemic and hypertensive patients 

 In hyperlipidemic and hypertensive patients the level of AGE varied from minimum 

value of 44.66/µg of plasma protein to a maximum value of 85.63/µg of plasma protein. 

The level of AGE  in hyperlipidemic and hypertensive patients revealed mean ± SD value 
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of 66.0777 ±  9.647683 (Appendix  3). 

Level of AGE in myocardial ischemial patients  

 In myocardial ischemial patients the level of AGE varied from minimum value of 

49.62 /µg of plasma protein to a maximum value of 86.16/µg of plasma of protein. The 

level of AGE in myocardial ischemial patients revealed mean ± SD value of 68.09026 ± 

9.656219 (Appendix 4). 

Level of AGE in myocardial infarction patients 

 In myocardial infarction patients the level of AGE varied from minimum value of 

45.82/µg of plasma protein to a maximum value of 86.99/µg of plasma protein. The level 

of AGE  in myocardial infarction patients revealed mean ± SD value of 68.61099  ±  

9.896787 (Appendix 5). 

Level of AGE in diabetic patients with hyperlipidemia 

 In diabetic patients with hyperlipidemia the level of AGE varied from minimum 

value of 79.84/µg of plasma protein to a maximum value of 93.56/µg of plasma of protein. 

The level of AGE in diabetic patients with hyperlipidemia revealed mean ± SD value of 

87.71102 ± 2.762478 (Appendix 6). 

Level of AGE in diabetic patients with hyperlipidemic and hypertensive  

 In diabetic patients with hyperlipidemia and hypertension the level of AGE varied 

from minimum value of 78.47/µg of plasma protein to a maximum value of 94.32 /µg of 

plasma protein. The level of AGE  in diabetic patients with hyperlipidemia and 

hypertension patients revealed mean ± SD value of 88.32883  ±  3.41725 (Appendix 7). 

Level of AGE in diabetic patients with myocardial ischemia  

 In diabetic patients with myocardial ischemia the level of AGE varied from 

minimum value of 77.42/µg of plasma protein to a maximum value of 94.21/µg of plasma 

protein. The level of AGE in diabetic patients with myocardial ischemia patients revealed 

mean ± SD value of 87.9813 ± 3.402178 (Appendix 8). 

Level of AGE in diabetic patients with myocardial infarction  

 In diabetic patients with myocardial infarction the level of AGE varied from 

minimum value of 83.56/µg of plasma protein to a maximum value of 93.98/µg of plasma 

protein. The level of AGE  in diabetic patients with myocardial infarction revealed mean ± 

SD value of 88.82846 ±  2.633469 (Appendix  9).       
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 The results are also supported by Muench et al. (1997) who determined advanced 

glycation end products in serum by two competitive ELISA methods in diabetic patients on 

haemodialysis and there was significant difference among diabetic and non diabetic 

subjects. Oxlund and Andreassen (1992) findings are also in line with our results as they 

studied the nonenzymatic glycation of collagens and the subsequent formation of browning 

products. Pomero et al. (2001) results are also in accordance to our findings as they 

measured AGEs by incubating HUVEC in experimental media.  

The AGE level in different groups are shown in fig  
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Analysis of variance for AGE level 

Analysis of variance for AGE in different groups and average values of AGE level are 

shown in Table 2. 
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Table 2:  Analysis of variance for AGE level 

 

 The table 2 shows that the level of AGEs is lower in normal subjects as compared to 

cardiovascular disease with or without insulin resistance. In these results I also noticed less 

amount of AGEs in cardiovascular diseased patients as compared to cardiovascular disease 

due to insulin resistance. There is also a significant difference between groups (P<0.0001) 

in AGEs level.  Our results are supported by Goh and Cooper (2008) who found higher 

level of AGEs in diabetic patients. They also concluded higher level of AGEs causes 

subsequent development of vascular complications.  The data analyzed by Peppa and 

Raptis (2008) are also in accordance with our results as they analyzed high level of AGEs 

in cardiovascular disease patients. The data evaluated by Meerwaldt et al. (2008) argued 

our results as they studied AGEs affect extracellular proteins and activate cytokine 

production and transcription factors via binding to AGE receptors. AGE accumulation 

closely correlates with the severity and predicts the development of cardiovascular 

complications.  

 Advanced glycation endproducts (AGEs) are formed by a reaction between 

reducing sugars and biological amines. Because of their marked stability, glycated proteins 

accumulate slowly over a person's lifespan, and can contribute to age-associated structural 

and physiological changes in the cardiovascular system such as increased vascular and 

myocardial stiffness, endothelial dysfunction, altered vascular injury responses and 

Sov D.F S.S M.S F P 

Model 8 57865.52843 7233.19105 137.30 <0.0001 

Normal vs. 

Dieseas 

1 14602.50748 14602.50748 277.18 <0.0001 

Heart vs. 

Diabetes 

1 43039.53293 43039.53293 816.96 <0.0001 

Within 

Heart 

3 188.59436 62.8647 0.64 0.5930 

Within 

Diabetes 

3 34.8936 11.631216 1.23 0.2999 

Error 441 23233.11780 52.68281   
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atherosclerotic plaque formation. The mechanisms by which AGEs affect the 

cardiovascular system include collagen crosslinking, alteration of low-density lipoprotein 

molecules and impairment of cellular nitric oxide signalling through their interaction with 

AGE receptors (RAGEs). Our results are also in good accordannce with Zieman and Kass 

(2004) who Studied the accumulation of AGEs increased cardiac risk associated with aging 

as well as diabetes mellitus and hypertension, two conditions that accelerate and enhance 

AGE formation. 

 These clinical studies of Yamagishi et al. (2007) strongly suggested our results who 

studied that so-called 'hyperglycemic memory' causes chronic abnormalities in diabetic 

vessels that are not easily reversed, even by subsequent, relatively good control of blood 

glucose. Among various biochemical pathways implicated in diabetic vascular 

complications, the process of formation and accumulation of advanced glycation end 

products (AGEs) and their mode of action are most compatible with the theory 

'hyperglycemic memory.      

Correlation between level of glycation and AGE      
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 It can be seen that there is positive correlation between the level of glycation and 

AGEs in cardiovascular (r =0.00543) and diabetic cardiovascular patients (r =0.011236). It 

can be explained that as the glycation increases, the level of AGEs also increases.     

 The data evaluated by Sampathkumar et al. (2005) argued our results as they 

observed the formation of AGEs with the chronic exposure to high glucose levels which 

leads to cardiovascular complications. 

GLUCOSE 

Glucose Level in normal subjects 

 In normal subjects the level of glucose varied from minimum value of 75 mg/dl to a 

maximum value of 124 mg/dl. The level of glucose in normal subjects revealed mean ± SD 

value of 96.32 ± 12.8180994 (Appendix 1).   

Glucose level in hyperlipidemic patients 

 In hyperlipidemic patients the level of glucose varied from minimum value of 80 

mg/dl to a maximum value of 136 mg/dl. The level of glucose in hyperlipidemic patients 

revealed mean ± SD value of 108.62 ± 15.4548586 (Appendix 2). 

Glucose level in hyperlipidemic and hypertensive patients 

 In hyperlipidemic and hypertensive patients the level of glucose varied from 

minimum value of 80 mg/dl to a maximum value of 131 mg/dl. The level of glucose in 

hyperlipidemic and hypertensive patients revealed mean ± SD value of 107.32 ± 13.25794 

(Appendix 3). 

r = 0 . 0 1 1 2 3 6  
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Glucose level in myocardial ischemia patients  

 In myocardial ischemial patients the level of glucose varied from minimum value of 

82 mg/dl to a maximum value of 132 mg/dl. The level of glucose in myocardial ischemic 

patients revealed mean ± SD value of 108.24 ± 13.99061 (Appendix 4).  

Glucose level in myocardial infarction patients 

 In myocardial infarction patients the level of glucose varied from minimum value of 

80 mg/dl to a maximum value of 136 mg/dl. The level of glucose in myocardial infarction  

patients revealed mean ± SD value of  107.48  ±  14.5605562 (Appendix 5). 

Glucose level in diabetic patients with hyperlipidemia 

 In diabetic patients with hyperlipidemia the level of glucose varied from minimum 

value of 130 mg/dl to a maximum value of 199 mg/dl. The level of glucose in diabetic 

patients with hyperlipidemia patients revealed mean ± SD value of 164.14 ± 17.7626184 

(Appendix 6). 

Glucose level in diabetic patients with hyperlipidemia and hypertension  

 In diabetic patients with hyperlipidemia and hypertension the level of glucose 

varied from minimum value of 122 mg/dl to a maximum value of 200 mg/dl. The level of 

glucose in diabetic patients with hyperlipidemia and hypertension revealed mean ± SD 

value of 161.42 ± 20.7876435 (Appendix 7). 

Glucose level in diabetic patients with myocardial ischemia  

 In diabetic patients with myocardial ischemia the level of glucose varied from 

minimum value of 133 mg/dl to a maximum value of 210 mg/dl. The level of glucose in 

diabetic patients with myocardial ischemia revealed mean ± SD value of 161.64 ± 

21.07301 (Appendix 8). 

Glucose level in diabetic patients with myocardial infarction  

 In diabetic patients with myocardial infarction the level of glucose varied from 

minimum value of 133 mg/dl to a maximum value of 211 mg/dl. The level of glucose  in 

diabetic patients with myocardial infarction revealed mean ± SD value of 167.28 ±  

22.16546 (Appendix 9). 
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 The glucose level in different groups are shown in fig  
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Analysis of variance for glucose level 

 Analysis of variance for glucose in different groups and average values of glucose 

level are shown in Table 3. 

Table 3:  Analysis of variance for glucose level 

 
 The results expressed in Table 3 indicate that the level of glucose is lower in normal 

subjects as compared to diabetics. Glucose concentration is higher in all the four stages of 

heart disease, but it increases abrubtly in heart disease due to insulin resistance. Chronic 

hyperglycemia not only represents a hallmark of diabetes mellitus but is itself perpetuating 

regulatory factor that contribute to poor metabolic control. Diminished homeostatic control 

Sov D.F S.S M.S F P 

Model 8 380643.55 47580.44 160.4 <0.0001 

Normal vs. 
Dieseas 

1 69160.234 69160.2336 233.15 <0.0001 

Heart vs. 
Diabetes 

1 310304.703 310304.703 1046.09 <0.0001 

Within 
Heart 

3 57.295 19.098 0.09 0.9639 

Within 
Diabetes 

3 1121.32 373.77 0.89 0.4481 

Error 441 130814.94 296.6325   
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of glucose metabolism is a common characteristic related to AGE.    

 Our results are in line with Thrope and Baynes (2003) that explains that AGEs 

require oxidative fragmentation of the carbon skeleton of glucose. These results are also in 

accordance with Georage and Sivakami (2004), who studied that glucose via glycation end 

products have a central role in the pathogenesis of diabetic complications. The analysis of 

Lee et al. (1998) also support our results who studied non enzymatic glycation and AGEs 

formation by glucose. Our results are also in line of Kobayashi et al. (1991) who studied 

glycation of human serum albumin in long term incubation with low and high 

concentration of glucose. 

 Hyperglycemia can promote vascular complications by multiple mechanisms, with 

formation of advanced glycation end products and increased oxidative stress proposed to 

contribute to both macrovascular and microvascular complications. Many of the earliest 

pathologic responses to hyperglycemia are manifest in the vascular cells that directly 

encounter elevated blood glucose levels. In the macrovasculature, these include endothelial 

cells and vascular smooth muscle cells. In the microvasculature, these include endothelial 

cells, pericytes, and podocytes. 

Correlation between level of glycation and glucose level     
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 Correlation Between Glucose Level and Glycation Level in Cardiovascular and Diabetic Patients
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 The graph shows a positive corelation between glycation level and glucose in 

cardiovascular patients (r =0.0013214). The second graph also shows a positive correlation 

between glycation level and glucose in cardiovascular due to diabetes (r =0.01121354). As 

the level of glucose increases the glycation level also increases. It can be concluded that 

level of glucose is a best parameter for the diagnosis of diabetes complications.  At low 

glucose level, glycation is low which is in accordance to Winocour et al. (1992). The 

results of Eble et al. (1983) and Brownlee (1984) also argued our results who found that 

glucose concentration and incubation time, the most clinically relevant variables affecting 

the extent of lycation. In case of insulin resistance, increased glucose concentration cause 

the level of amadori products on protein to rise. 

 Kobayashi et al., (1991) studied glycation of human serum albumin in long term 

incubation with low and high concentration of glucose. The glycation of albumin with high 

concentration of glucose was twice than that of albumin with low concentration of glucose 

when determined by TBA method. Previously, Ferozan et al., (2006) also reported that 

glucose level of diabetic patients was high as compared to control. 

 According to Cubeddu and Hoffmann (2002) glucose has been shown to raise blood 

pressure in the presence of endothelial dysfunction and glucose values in the upper normal 

range are associated with high cardiovascular mortality. The results of Piercy et al. (1998) 

are also in accordance with our results as they found that prolonged hyperglycemia in 

r = 0 . 0 1 1 2 1 3 5 4  
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insulin resistance is linked both with diabetic complications and with further impairment of 

glucose homeostasis.  

Protein level 

Protein Level in normal subjects 

 In normal subjects the level of protein varied from minimum value of 5.2 gm/dl to a 

maximum value of 8.2 gm/dl. The level of protein in normal subjects revealed mean ± SD 

value of 6.572 ± 0.62074346 (Appendix 1).   

 Protein level in hyperlipidemic patients 

 In hyperlipidemic patients the level of protein varied from minimum value of 6 

gm/dl to a maximum value of 8.8 gm/dl. The level of protein in hyperlipidemic patients 

revealed mean ± SD value of 7.774 ± 0.67000152 (Appendix 2). 

 Protein level in hyperlipidemic and hypertensive patients 

 In hyperlipidemic and hypertensive patients the level of protein varied from 

minimum value of 5.9 gm/dl to a maximum value of 8.9 gm/dl. The level of protein in 

hyperlipidemic and hypertensive patients revealed mean ± SD value of 7.496 ± 0.795641 

(Appendix 3). 

Protein level in myocardial ischemial patients  

 In myocardial ischemial patients the level of protein varied from minimum value of 

6.1 gm/dl to a maximum value of 8.7 gm/dl. The level of protein in myocardial ischemia 

patients revealed mean ± SD value of 7.72 ± 0.74038 (Appendix 4). 

Protein level in myocardial infarction patients 

 In hyperlipidemic patients the level of protein varied from minimum value of 6 

gm/dl to a maximum value of 8.8 gm/dl. The level of protein in hyperlipidemic patients 

revealed mean ± SD value of 7.466 ± 0.76894043 (Appendix 5).  

Protein level in diabetic patients with hyperlipidemia 

 In diabetic patients with hyperlipidemia the level of protein varied from minimum 

value of 6.3 gm/dl to a maximum value of 10.4 gm/dl. The level of protein in diabetic 

patients with hyperlipidemia revealed mean ± SD value of 8.964 ± 0.92023954 (Appendix 

6). 
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Protein level in diabetic patients with hyperlipidemic and hypertensive  

 In diabetic patients with hyperlipidemia and hypertension level of protein varied 

from minimum value of 8.8 gm/dl to a maximum value of 11.2 gm/dl. The level of protein 

in diabetic patients with hyperlipidemia and hypertension revealed mean ± SD value of 

10.048 ± 0.76271267 (Appendix 7).  

Protein level in diabetic patients with myocardial ischemia  

 In diabetic patients with myocardial ischemia the level of protein varied from 

minimum value of 8.6 gm/dl to a maximum value of 11.3 gm/dl. The level of protein in 

diabetic patients with myocardial ischemia revealed mean ± SD value of 9.804 ± 0.826589 

(Appendix 8). 

Protein level in diabetic patients with myocardial infarction  

 In diabetic patients with myocardial infarction the level of protein varied from 

minimum value of 8.5 gm/dl to a maximum value of 11.5 gm/dl. The level of protein in 

diabetic patients with myocardial infarction revealed mean ± SD value of 9.822 ±  

0.875352 (Appendix 9).  

 Our results are in contrary with previous reports by Zhang and Swaan (1999) who 

analyzed the glycation level of membrane protein from diabetics and found it was elevated 

to 4.89 nmol/mg protein compared with normoglycemic control tissue (2.23 nmol/mg 

protein). 

The Protein level in different groups are shown in fig 
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Analysis of variance for protein level 

 Analysis of variance for protein in different groups and average values of protein 

level are shown in Table 4. 

Table 4:  Analysis of variance for protein level 

 
 The results in table 4 show that protein value decreases as the intensity or 

complication of diabetes increases. There is a significant difference in protein value within 

the groups because there is a large variation in groups. The normal group has high protein 

concentration than that of diabetic groups. Cardiovascular diseases due to insulin resistance 

have smaller protein value than the other groups which means that as the glycation 

increases protein decreases. 

 Table 4 indicates that protein value decreases as the intensity or complications of 

insulin resistance increases as also studied by Mustafa and David (2002). There is a 

significant difference in protein value within the four stages of heart disease. The normal 

group is however, has high protein concentration than that of heart disease patients. 

Cardiovascular diseased patients due to insulin resistance have smaller protein value than 

the other groups which mean that as the glycation increases protein decreases. Our results 

are supported by Atalay and Laaksonen (2002) who also reported the decreasd level of 

protein in diabetic and insulin resistant patients. Our results for glucose and protein are also 

in agreement with the findings of Chan et al. (2005). 

 These results are supported by Luxton (1999) who described that the decreased 

level of serum albumin gave an indication of liver abnormality in diabetic patients. 

Sov D.F S.S M.S F P 

Model 8 645.6124000 80.7015500 132.42 <0.0001 

Normal vs. 

Dieseas 

1 189.4752250 189.4752250 310.91 <0.0001 

Heart vs. 

Diabetes 

1 418.4070250 418.4070250 686.57 <0.0001 

Within Heart 3 3.633200 1.2110667 2.18 0.0916 

Within Diabetes 3 34.0969500 11.3656500 15.80 <0.0001 

Error 441 268.7534000 0.6094181   
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Disturbance in the ratio of albumin/globulin is also a pathological indicator for pointing 

towards the abnormalities of immune system. 

 The results in table 4 support the findings of Viktrorova et al. (1993) because as the 

level of glycated protein increases, the complication rate increases. 

 Glycogenic amino acids, in the form of alanine and glycine are released from 

muscles avidly engorged by the liver and used for the formation of new glucose. 

Insulinopenia results in defective ribosomal function, which is felt to be the cause of the 

reduced synthesis of protein. As protein is broken down, urinary excretion of nitrogen 

increase markedly and severe state of negative nitrogen exist.       

Correlation between level of glycation and Protein concentration in different groups     

l

7.3

7.35

7.4

7.45

7.5

7.55

7.6

7.65

7.7

7.75

7.8

0.5652 0.5658 0.579 0.5978

Glycation Level

Glycation Level (mole/mole)

P
ro

te
in

 L
ev

el
 (

g
m

/d
l)

Protein level

                           Correlation Between Protein Level and Glycation Level in Cardiovascular Patients

 

Correlation Between  Protein Level and Glycation Level in Cardiovascular and Diabetic Patients

8.4

8.6

8.8

9

9.2

9.4

9.6

9.8

10

10.2

1.6462 1.6506 1.6928 1.7096

Glycation Level

Glycation Level (mole/mole)

P
ro

te
in

 L
ev

el
 (

m
g

/d
L

)

Protein level

 

 The graph shows a negative but statistically significant correlation between the 

r = 0 . 0 0 5 2 2 1  

r = 0 . 0 0 5 3 2 1 9  



 72

glycation and protein concentration in cardiovascular diseased patients (r = -0.005221) and 

cardiovascular disease due to insulin resistance (r = -0.0053219) which means as the 

glycation level increases, the protein concentration decreases. 

    Statistically a significant negative correlation also exist in cardiovascular disease due to 

insulin resistance. Syrovy (1998) reported that albumin was glycated non-enzymatically 

with glucose, fructose, galactose, ribose or glyceraldehydes and amount of glycated protein 

increases in diabetic patients. Similarly Guinea et al. (1994) reported that glycation of 

protein play an important role in diabetic complications. The results of Emekli (1996) are 

also in accordance to our findings as he found excessive glycosylation causes undesirable 

changes in proteins. Stoynev et al. (2004) analyzed glycation of proteins with formation of 

heterocyclic compounds called AGEs.    

Our results are also in accordance with previous results by Poli et al. (1987) who studied 

glycated serum proteins. 

Pair wise comparison within cardiovascular disease due to insulin resistance 

Pair wise  

comparison 

Difference LSD value Significancy 

1 vs 2 -1.084 0.306162 Sig 

1 vs 3 -0.84 0.306162 Sig 

1 vs 4 -0.858 0.306162 Sig 

2 vs 3 0.244 0.306162 NS 

2 vs 4 0.226 0.306162 NS 

3 vs 4 -0.018 0.306162 NS 

 
HbA1c  

HbA1c Level  in normal subjects 

 In normal subjects the level of HbA1c varied from minimum value of 4.2 % to a 

maximum value of 6.2 %. The level of HbA1c in normal subjects revealed mean ± SD 

value of  5.362  ± 0.790735 (Appendix 1).   

 HbA1c level in hyperlipidemic patients 

 In hyperlipidemic patients the level of HbA1c varied from minimum value of 5.2 % 

to a maximum value of 7.6 %. The level of HbA1c in hyperlipidemic patients revealed 
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mean ± SD value of 6.374 ± 0.672434 (Appendix 2). 

HbA1c level in hyperlipidemic and hypertensive patients 

 In hyperlipidemic and hypertensive patients the level of HbA1c varied from 

minimum value of 4.8 % to a maximum value of 7.4 %. The level of HbA1c in 

hyperlipidemic and hypertensive patients revealed mean ± SD value of 6.006 ± 0.624143 

(Appendix 3). 

HbA1c level in myocardial ischemial patients  

 In myocardial ischemial patients the level of HbA1c varied from minimum value of 

4.2 % to a maximum value of 7.1 %. The level of HbA1c in myocardial ischemia patients 

revealed mean ± SD value of   5.896± 0.72336 (Appendix 4).   

HbA1c level in myocardial infarction patients 

In myocardial infarction patients the level of HbA1c varied from minimum value of 4.3 % 

to a maximum value of 7%. The level of HbA1c in myocardial infarction patients revealed 

mean ± SD value of  5.942 ± 0.701628 (Appendix 5). 

 HbA1c level in diabetic patients with hyperlipidemia 

 In diabetic patients with hyperlipidemia the level of HbA1c varied from minimum 

value of 7% to a maximum value of 9.8 %. The level of HbA1c in diabetic patients with 

hyperlipidemia revealed mean ± SD value of 7.712± 0.930139 (Appendix 6). 

HbA1c level in diabetic patients with hyperlipidemic and hypertensive  

 In diabetic patients with hyperlipidemia and hypertension the level of HbA1c varied 

from minimum value of 6.6 % to a maximum value of 9.3 %. The level of HbA1c in 

diabetic patients with hyperlipidemia and hypertension revealed mean ± SD value of   

7.612 ± 0.77792 (Appendix 7). 

HbA1c level in diabetic patients with myocardial ischemia  

 In diabetic patients with myocardial ischemia the level of HbA1c varied from 

minimum value of 7 % to a maximum value of 9.5 %. The level of HbA1c in diabetic 

patients with myocardial ischemia revealed mean ± SD value of 7.64 ± 0.778539 

(Appendix 8).  
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HbA1c level in diabetic patients with myocardial infarction  

 In diabetic patients with myocardial infarction the level of HbA1c varied from 

minimum value of 6.6 % to a maximum value of 9.5 %. The level of HbA1c in diabetic 

patients with myocardial infarction revealed mean ± SD value of 7.818 ± 0.800431 

(Appendix  9 ). 

 Our results reveal a strong, significant, independent association between 

hyperglycemia, measured by HbA1c, and cardiovascular disease.  

The HbA1c level in different groups are shown in fig  
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Analysis of variance for HbA1c level 

Analysis of variance for HbA1c in different groups and average values of HbA1c level are 

shown in Table 5. 
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Table 5:  Analysis of variance for HbA1c level 

 

 The results expressed in table 5 indicate that the level of HbA1c is lower in normal 

subjects. Cardiovascular diseased patients also have lower HbA1c as compared to 

cardiovascular disease due to diabetes or insulin resistance.   

 These results are supported by Viktrorova et al. (1993) who studied that the mean 

daily glycemia, blood level of glycated Hb and albumin and micro albuminurea  to 

contribute to the development of diabetes complications. 

 The results of Singer et al. (1992) research show a strong, significant and major 

association between hyperglycemia and cardiovascular disease which is measured by 

HbA1c. 

 Our results are also supported by Kawamori (2009) who studied that HbA1c values 

greater than 6.5% causes diabetes complications like cardiovascular diseases. 

 Adult hemoglobin is composed of one major component, hemoglobin A, and 

several subtractions, including the glycated hemoglobins. Glycated hemoglobin is the 

combination of glucose with hemoglobin in a non enzymatic reaction, which is continuous 

during the lifespan of the erythrocyte. Hemoglobin A1a (Hb A1a), Hb Alb, HbA1c and 

possibly, other minor glycohemoglobins, HbA12 and HbA1e made up 10% of the total 

hemoglobin concentration in the adult (Gonen and Rubenstuin, 1978).  

 There is a proportionate increase in HbA1c in patients with diabetes mellitus 

(Koenig et al., 1976).  

 This glycated hemoglobin level change slowly thus making assay of their 

hemoglobin sub fraction a very useful indicator for determining compliance with therapy 

Sov D.F S.S M.S F P 

Model 8 379.4060444 47.4257556 82.09 <0.0001 

Normal vs. 
Dieseas 

1 101.7408444 101.7408444 176.10 <0.0001 

Heart vs. 
Diabetes 

1 269.2881000 269.2881000 466.11 <0.0001 

Within 
Heart 

3 7.11055000 2.37018333 5.10 0.0020 

Within 
Diabetes 

3 1.2665500 0.4221833 0.62 0.6019 

Error 441 254.7826000 0.5777383   
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and effective control of the diabetic patient. The HbA1c level indicates that the metabolic 

control of the patient over the previous 4 to 6 weeks whereas the blood glucose level 

reflects only the metabolic control for the previous 24 hours (Michael et al., 1992) use of 

the glycated hemoglobin or HbA1c measurement has been recommended to maintain strict 

glucose control in pregnancy in diabetes and to assess the relationship between diabetic 

control and secondary reduce of diabetes (Watkins, 1978).  

Correlation between level of glycation and HbA1c      
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 It can be seen in graph that there is positive correlation between level of glycation 

and HbA1c level in cardiovascular disease due to insulin resistance (r = -0.036987). This 

positive correlation shows that as the level of HbA1c increases glycation level also 

r = 0 . 0 0 1 1 3 6 5  

r = 0 . 0 3 6 9 8 7  
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increases. Our results are also in accordance with Baynes and Thorpe (2000) who studied 

that glycation involves the formation of early glycosylation products which are chemically 

reversible with proteins. These are called Schiff bases and Amadori adducts (e.g. glycated 

hemoglobin; HbA1c). With time, it became clear and proved that these early adducts 

endure slow and complex rearrangements to form the advanced glycation end-products 

(AGEs).  

 Our results are also in line with Arun et al. (2002) findings who studied that as the 

level of HbA1c increases glycation also increases. 

Pair wise comparison within cardiovascular disease 

Pair wise  comparison Difference LSD value Significancy 

1 vs 2 1.3 0.298 Sig 

1 vs 3 0.38 0.298 Sig 

1 vs 4 1.14 0.298 Sig 

2 vs 3 -0.92 0.298 Sig 

2 vs 4 -0.16 0.298 NS 

3 vs 4 0.76 0.298 Sig 

 

INSULIN 

Insulin Level in normal subjects 

 In normal subjects the level of insulin varied from minimum value of 10 miu/ml to a 

maximum value of 20.5 miu/ml. The level of insulin in normal subjects revealed mean ± 

SD value of   17.11 ± 2.96801 (Appendix 1).   

Insulin level in hyperlipidemic patients 

 In hyperlipidemic patients the level of insulin varied from minimum value of 10 

miu/ml a maximum value of 25 miu/ml. The level of insulin in hyperlipidemic patients 

revealed mean ± SD value of 18.26 ± 4.119689 (Appendix 2). 

Insulin level in hyperlipidemic and hypertensive patients 

 In hyperlipidemic and hypertensive patients the level of insulin varied from 

minimum value of 9 miu/ml to a maximum value of 24 miu/ml. The level of insulin in 

hyperlipidemic and hypertensive patients revealed mean ± SD value of 17.06 ± 3.754779 

(Appendix 3). 
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Insulin level in myocardial ischemial patients  

 In myocardial ischemial patients the level of insulin varied from minimum value of 

11 miu/ml  to a maximum value of 25 miu/ml. The level of insulin in myocardial ischemia 

patients revealed mean ± SD value of 18.28 ± 4.110911 (Appendix 4).   

Insulin level in myocardial infarction patients 

 In myocardial infarction patients the level of insulin varied from minimum value of 

9 miu/ml to a maximum value of 25 miu/ml. The level of insulin in myocardial infarction  

patients revealed mean ± SD value of 17.9  ± 3.944772 (Appendix  5 ).  

Insulin level in diabetic patients with hyperlipidemia 

 In diabetic patients with hyperlipidemia the level of insulin varied from minimum 

value of 13 miu/ml to a maximum value of 23.4 miu/ml. The level of insulin in diabetic 

patients with hyperlipidemia revealed mean ± SD value of 15.318 ± 4.70669 (Appendix 6). 

Insulin level in diabetic patients with hyperlipidemic and hypertensive  

 In diabetic patients with hyperlipidemia and hypertension the level of insulin varied 

from minimum value of 5.6 miu/ml to a maximum value of 29.1 miu/ml. The level of 

insulin in diabetic patients with hyperlipidemia and hypertension revealed mean ± SD 

value of 17.242 ± 6.609952 (Appendix 7).  

Insulin level in diabetic patients with myocardial ischemia  

 In diabetic patients with myocardial ischemia the level of insulin varied from 

minimum value of 4.5 miu/ml to a maximum value of 28.9 miu/ml. The level of insulin in 

diabetic patients with myocardial ischemia revealed mean ± SD value of 17.13 ± 5.814488 

(Appendix 8).    

Insulin level in diabetic patients with myocardial infarction  

 In diabetic patients with myocardial infarction the level of insulin varied from 

minimum value of 3.4 miu/ml to a maximum value of 32.9 miu/ml. The level of insulin in 

diabetic patients with myocardial infarction revealed mean ± SD value of 15.454 ± 

6.520931 (Appendix  9 ). 
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The Insulin level in different groups are shown in fig  

 

Insulin con. At different levels

13.5
14

14.5
15

15.5
16

16.5
17

17.5
18

18.5
19

Norm
al

Hyp
erl

ipi
de

mia

Hyp
ert

ens
ion

Myo
ca

rdi
al 

isc
he

mia

Myo
ca

rdi
al 

inf
arc

tio
n

Hyp
erl

ipi
de

mia+
dia

be
tes

Hyp
ert

ens
ion

+d
iab

ete
s

Myo
ca

rdi
al 

isc
he

mia+
dia

be
tes

Myo
ca

rdi
al 

inf
arc

tio
n+

diab
ete

s

Insulin con. At
different levels

 

 

Analysis of variance for insulin level 

Analysis of variance for insulin in different groups and average values of insulin level are 

shown in Table 6. 

Table 6:  Analysis of variance for insulin level 

 

 The results expressed in table 6 indicate that the level of insulin is lower in normal 

subjects as compared the other groups. It also shows that concentration of insulin is higher 

Sov D.F S.S M.S F P 

Model 8 464.16178 58.02022 2.43 0.0139 

Normal vs. 
Dieseas 

1 0.0386778 0.0386778 0.00 0.9679 

Heart vs. 
Diabetes 

1 252.4921000 252.4921000 10.59 0.0012 

Within 
Heart 

3 48.855000 16.285000 1.03 0.3825 

Within 
Diabetes 

3 162.776000 54.2586 1.53 0.2089 

Error 441 10511.24980 23.83503   
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in cardiovascular diseased patients due to insulin resistance than those of without insulin 

resistance. This resistance is attributable to reduced insulin-stimulated muscle glucose 

metabolism. These changes are associated with increased fat accumulation in muscle and 

liver tissue. These data presented by Petersen et al. (2003) support the hypothesis that an 

age-associated decline in mitochondrial function contributes to insulin resistance in the 

elderly. 

 The results reprted in table 6 support the findings of Jeppensen et al. (2007) who 

proved that insulin resistance predict the cardiovascular disease independently.          

Hyperinsulinemia and insulin action were initially proposed as the common preceding 

factors of hypertension, low high-density lipoprotein cholesterol, hypertriglyceridemia, 

abdominal obesity, and altered glucose tolerance, linking all these abnormalities to the 

development of coronary heart disease. Our results are supported by Mack et al. (2004) 

who suggested insulin resistant patients those who had elevated fasting insulin level by 

immunoassay. Samaras et al. (2006) also studied that higher level of insulin is due to 

insulin resistance.  Fernandez and Ricart (2003) studied that insulin resistance and 

atherosclerosis have the same pathophysiological mechanism, TNF and IL-6 are the two 

major components which are involved in this mechanism Insulin resistance directly affects 

the endothelium, which leads to endothelial dysfunction, a precursor for adverse 

cardiovascular events.  
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 The graphs show a positive correlation between glycation level and insulin level in 

cardiovascular disease (r =0.001245) and cardiovascular disease due to diabetes (r 

=0.002565). It can be explained on the basis of this fact that the higher level of insulin 

causes insulin resistance which leads to high level of glucose which then glycated proteins.    

 

C-Peptide 

 Insulin and c-peptide levels are used to monitor the amount of endogenous insulin 

produced by the beta cells, to check insulin resistance. 

 Insulin and c-peptide are produced by the body at the same rate as part of the 

conversion of proinsulin to insulin in the pancreas. Both are ordered to evaluate how much 

insulin in the blood is made by the body (endogenously) and how much is from exogenous 

sources. The test for insulin measures insulin from both sources while c-peptide reflects 

insulin produced endogenously. 

 Most persons with diabetes have autoantibodies against insulin. In this case a c-

peptide may be performed as an alternative way to evaluate insulin production. This test is 

also used for identifying risk factors such as fasting glucose, lipid levels and hypertension.  

C-Peptide Level in normal subjects 

 In normal subjects the level of c-peptide varied from minimum value of 0.4 ng/ml to 

a maximum value of 3.5 ng/ml. The level of c-peptide in normal subjects revealed mean ± 

SD value of 2.2174 ± 0.843116 (Appendix 1).  

r = 0 . 0 0 2 5 6 5  
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C-Peptide level in hyperlipidemic patients 

 In hyperlipidemic patients the level of c-peptide varied from minimum value of 1.2 

ng/ml to a maximum value of 3.8 ng/ml. The level of c-peptide in hyperlipidemic patients 

revealed mean ± SD value of 2.4688 ± 0.785856 (Appendix 2).  

C-Peptide level in hyperlipidemic and hypertensive patients 

 In hyperlipidemic and hypertensive patients the level of c-peptide varied from 

minimum value of 0.7 ng/ml to a maximum value of 3.1 ng/ml. The level of c-peptide in 

hyperlipidemic and hypertensive patients revealed mean ± SD value of 2.36156 ± 0.569396 

(Appendix 3). 

C-Peptide level in myocardial ischemial patients  

 In myocardial ischemial patients the level of c-peptide varied from minimum value 

of 1.2 ng/ml to a maximum value of 3.8 ng/ml. The level of c-peptide in myocardial 

ischemial patients revealed mean ± SD value of 2.4664 ± 0.78381 (Appendix 4). 

C-Peptide level in myocardial infarction patients 

 In myocardial infarction patients the level of c-peptide varied from minimum value 

of 0.7 ng/ml to a maximum value of 3.8 ng/ml. The level of c-peptide in myocardial 

infarction patients revealed mean ± SD value of  2.4718 ± 0.669269 (Appendix 5). 

C-Peptide level in diabetic patients with hyperlipidemia 

 In diabetic patients with hyperlipidemia patients the level of c-peptide varied from 

minimum value of 1.9 ng/ml to a maximum value of 5.2 ng/ml. The level of c-peptide in 

diabetic patients with hyperlipidemia patients revealed mean ± SD value of 3.962 ± 

0.648984 (Appendix 6). 

C-Peptide level in diabetic patients with hyperlipidemic and hypertensive  

 In diabetic patients with hyperlipidemia and hypertension the level of c-peptide 

varied from minimum value of 2.1 ng/ml to a maximum value of 5.6 ng/ml. The level of c-

peptide in diabetic patients with hyperlipidemia and hypertension revealed mean ± SD 

value of 4.154 ± 0.693177 (Appendix 7). 
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C-Peptide level in diabetic patients with myocardial ischemia  

 In diabetic patients with myocardial ischemia the level of c-peptide varied from 

minimum value of 1.9 ng/ml to a maximum value of 5.7 ng/ml. The level of c-peptide in 

diabetic patients with myocardial ischemia revealed mean ± SD value of 3.934 ± 1.160332 

(Appendix 8). 

C-peptide level in diabetic patients with myocardial infarction  

 In diabetic patients with myocardial infarction the level of c-peptide varied from 

minimum value of 1.3 ng/ml to a maximum value of 5.7 ng/ml. The level of c-peptide in 

diabetic patients with myocardial infarction revealed mean ± SD value of 3.38 ± 0.995892 

(Appendix  9 ). 

The C-Peptide level in different groups are shown in fig  
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Analysis of variance for C-peptide level 

Analysis of variance for C-peptide in different groups and average values of c-peptide level 

are shown in Table 7. 
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Table 7:  Analysis of variance for C-peptide level 

 
 The results depicted in table 7 shows that c-peptide level is lower in normal 

subjects. The c-peptide level is also lower in cardiovascular disease patients as compared to 

cardiovascular disease due to insulin resistance which have too much high level of c-

peptide. 

 Our results are supported by Seidell et al. (1990) who found the higher level of c-

peptide in insulin resistant patients. He also found that visceral fat area was associated with 

elevated concentration of insulin and c-peptide and with glucose intolerance before and 

after the oral glucose load. Our results are also in accordance with Stadler et al. (2005) who 

studied c-peptide level in diabetics. They also analyzed cardiovascular damage in diabetes. 

Correlation between level of glycation and C-Peptide      

 

Sov D.F S.S M.S F P 

Model 8 256.0328643 32.0041080 48.37 <0.0001 

Normal vs. 
Dieseas 

1 38.6403136 38.6403136 58.40 <0.0001 

Heart vs. 
Diabetes 

1 200.3243930 200.3243930 302.77 <0.0001 

Within 
Heart 

3 0.43360776 0.14453592 0.29 0.8337 

Within 
Diabetes 

3 16.6345500 5.5448500 6.85 0.0002 

 
Error 

441 291.7827743 0.6616389   
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 The graph between glycation and c-peptide shows a positive correlation in 

cardiovascular due to insulin resistance (r =0.011214). This is due to reason as the 

concentration of c-peptide shows the concentration of insulin so with the increase in c-

peptide level shows large amount of insulin is produced by the body. This insulin 

resistance causes abnormal metabolism of glucose. So due to large amount of glucose 

ultimately glycation of proteins is also increased. Our results are also in accordance with 

the findings of Chailurkit et al. (2007) who studied higher level of c-peptide in insulin 

resistance patients. 

r = 0 . 0 0 0 6 3 9 8  

r = 0 . 0 1 1 2 1 4  
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Pair wise comparison within cardiovascular disease due to diabetes 

Pair wise 
 comparison 

Difference LSD value Significancy 

1 vs 2 -0.192 0.318944 NS 

1 vs 3 0.028 0.318944 NS 

1 vs 4 0.582 0.318944 Sig 

2 vs 3 0.22 0.318944 NS 

2 vs 4 0.774 0.318944 SIg 

3 vs 4 0.554 0.318944 Sig 
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Cholesterol  

Cholesterol level in normal subjects 

 In normal subjects the level of cholesterol varied from minimum value of 140 mg/dl 

to a maximum value of 200 mg/dl. The level of cholesterol in normal subjects revealed 

mean ± SD value of 175.58   ± 15.6806 (Appendix 1).    

Cholesterol level in hyperlipidemic patients 

 In hyperlipidemic patients the level of cholesterol varied from minimum value of 

201 mg/dl to a maximum value of 296 mg/dl. The level of cholesterol in hyperlipidemic 

patients revealed mean ± SD value of 262.98 ± 17.63518 (Appendix 2). 

Cholesterol level in hyperlipidemic and hypertensive patients 

 In hyperlipidemic and hypertensive patients the level of cholesterol varied from 

minimum value of 240 mg/dl to a maximum value of 288 mg/dl. The level of cholesterol in 

hyperlipidemic and hypertensive patients revealed mean ± SD value of 262.54 ± 13.69822 

(Appendix 3). 

Cholesterol level in myocardial ischemial patients  

 In myocardial ischemial patients the level of cholesterol varied from minimum 

value of 222 mg/dl to a maximum value of 288 mg/dl. The level of cholesterol in 

myocardial ischemial patients revealed mean ± SD value of 261.64 ± 14.75343 (Appendix 

4).   

Cholesterol level in myocardial infarction patients 

 In myocardial infarction patients the level of cholesterol varied from minimum 

value of 241 mg/dl to a maximum value of 307 mg/dl. The level of cholesterol in 

myocardial infarction  patients revealed mean ± SD value of  264 ±  15.31173 (Appendix 

5). 

 Cholesterol level in diabetic patients with hyperlipidemia 

 In diabetic patients with hyperlipidemia patients the level of cholesterol varied from 

minimum value of 223 mg/dl to a maximum value of 289 mg/dl. The level of cholesterol in 

diabetic patients with hyperlipidemia patients revealed mean ± SD value of 253.66 

±19.65894 (Appendix 6).  
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Cholesterol level in diabetic patients with hyperlipidemic and hypertensive  

 In diabetic patients with hyperlipidemia and hypertension the level of cholesterol 

varied from minimum value of 220 mg/dl to a maximum value of 290 mg/dl. The level of 

cholesterol in diabetic patients with hyperlipidemia and hypertension revealed mean ± SD 

value of 252.32 ± 16.11241 (Appendix 7). 

Cholesterol level in diabetic patients with myocardial ischemia  

 In diabetic patients with myocardial ischemia the level of cholesterol varied from 

minimum value of 209 mg/dl to a maximum value of 278 mg/dl. The level of cholesterol in 

diabetic patients with myocardial ischemia revealed mean ± SD value of 246.48±18.17965 

(Appendix 8). 

Cholesterol level in diabetic patients with myocardial infarction  

 In diabetic patients with myocardial infarction the level of cholesterol varied from 

minimum value of 216 mg/dl to a maximum value of 288 mg/dl. The level of cholesterol in 

diabetic patients with myocardial infarction revealed mean ± SD value of 251.62± 

19.66753 (Appendix 9). 

The Cholesterol level in different groups are shown in fig  
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Analysis of variance for cholesterol level 

 Analysis of variance for cholesterol in different groups and average values of 

cholesterol level are shown in Table 8. 
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Table 8:  Analysis of variance for cholesterol level 

 
 The results depicted in table 8 shows the lower level of cholesterol as compared to 

other groups. Both groups with or without insulin resistance have high value of cholesterol. 

There is also a large variation of cholesterol level within groups which shows that different 

stages of cardiovascular disease have different cholesterol values. Our results are also in 

accordance with the Jakus et al. (1999) who found the high level of cholesterol in insulin 

resistance patients.  

 Taylor (2002) also found the higher level of cholesterol in cardiovascular diseased 

patients due to insulin resistance.  

 Garvey et al. (2003) and Surekha et al. (2007) also reported the elevated level of 

total cholesterol in diabetes. The higher level of cholesterol in insulin resistant patients is 

also according to the findings of Kesavulu et al. (2001). Rosenson et al. (2006) also 

reported the similar higher level of total cholesterol level in diabetic patints.   

 

 

 

 

 

 

 

Sov D.F S.S M.S F P 

Model 8 309423.8044 

 

38677.9756 135.98 <0.0001 

Normal vs. Dieseas 1 293944.6944 293944.6944 1033.39 <0.0001 

Heart vs. Diabetes 1 13853.2900 13853.2900 48.70 <0.0001 

Within Heart 3 144.26000 48.08667 0.20 0.8947 

Within Diabetes 3 1481.56000 493.85333 1.45 0.2299 

Error 441 125441.4600 284.4478   
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Correlation between level of glycation and Cholesterol      
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 Both the graphs show a positive correlation between cholesterol and glycation in 

cardiovascular diseased patients (r =0.002156) and cardiovascular diseasedue to insulin 

resistance (r =0.002369). As the cholesterol level increases glycation also increases and 

vice versa. It also shows that in addition to sugar and protein, lipid also plays an important 

role in the initiation of AGEs.  The data evaluated by Thomas et al. (2005) argued our 

r = 0 . 0 0 2 1 5 6  

r = 0 . 0 0 2 3 6 9  
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results who studied hyperglycemia, dyslipidemia and cholestremia in diabetes results in 

accumulation and production of AGEs. The results are also in good agreement  with Calvo 

et al. (1993) who concluded that glycation of plasma protein may contribute to excess risk 

of  developing atherosclerosis diabetic patients causing an increase in the level of 

cholesterol.  

 

High Density Lipoprotein (HDL) 

HDL level in normal subjects 

 In normal subjects the level of HDL varied from minimum value of 30 mg/dl to a 

maximum value of 65 mg/dl. The level of HDL in normal subjects revealed mean ± SD 

value of 38.84 ±7.451503 (Appendix 1).   

HDL level in hyperlipidemic patients 

 In hyperlipidemic patients the level of HDL varied from minimum value of 30 

mg/dl to a maximum value of 50 mg/dl. The level of HDL in hyperlipidemic patients 

revealed mean ± SD value of 38.96 ± 4.844353 (Appendix 2). 

HDL level in hyperlipidemic and hypertensive patients 

 In hyperlipidemic and hypertensive patients the level of HDL varied from minimum 

value of 31 mg/dl to a maximum value of 43 mg/dl. The level of HDLin hyperlipidemic 

and hypertensive patients revealed mean ± SD value of 37.96± 3.251122 (Appendix 3). 

HDL level in myocardial ischemial patients  

 In myocardial ischemial patients the level of HDL varied from minimum value of 

28 mg/dl to a maximum value of 49 mg/dl. The level of HDL in myocardial ischemial 

patients revealed mean ± SD value of 38.7 ±4.88751 (Appendix 4).  

HDL level in myocardial infarction patients 

 In myocardial infarction patients the level of HDL varied from minimum value of 

29 mg/dl to a maximum value of 48 mg/dl. The level of HDL in myocardial infarction 

patients revealed mean ± SD value of 39.14 ±5.070966 (Appendix 5).      
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HDL level in diabetic patients with hyperlipidemia 

 In diabetic patients with hyperlipidemia patients the level of HDL varied from 

minimum value of 25 mg/dl to a maximum value of 50 mg/dl. The level of HDL in diabetic 

patients with hyperlipidemia patients revealed mean ± SD value of 34.88± 6.04284 

(Appendix 6).   

 HDL level in diabetic patients with hyperlipidemic and hypertensive  

 In diabetic patients with hyperlipidemia and hypertension the level of HDL varied 

from minimum value of 21 mg/dl to a maximum value of 43 mg/dl. The level of HDL in 

diabetic patients with hyperlipidemia and hypertension revealed mean ± SD value of   

34.5±6.051648 (Appendix 7).   

HDL level in diabetic patients with myocardial ischemia  

 In diabetic patients with myocardial ischemia the level of HDL varied from 

minimum value of 22 mg/dl to a maximum value of 42 mg/dl. The level of HDL in diabetic 

patients with myocardial ischemia revealed mean ± SD value of 34.038 ±7.014181 

(Appendix 8). 

HDL level in diabetic patients with myocardial infarction  

 In diabetic patients with myocardial infarction the level of HDL varied from 

minimum value of 20 mg/dl to a maximum value of 30 mg/dl. The level of HDL in diabetic 

patients with myocardial infarction revealed mean ± SD value of 33.918 ± 8.320707 

(Appendix 9). 

The HDL level in different groups are shown in fig  
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HDL con. At different levels
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Analysis of variance for HDL level 

 Analysis of variance for HDL in different groups and average values of HDL level 

are shown in Table 9. 

Table 9:  Analysis of variance for HDL level 

 
 The average table indicates that the value of HDL is highest but within the normal 

range in normal group. The level of HDL is lowest in all groups of cardiovascular disease 

patients. But the level of HDL is lower in cardiovascular disease due to insulin resistance 

than those of without insulin resistance. Our results are in line with the Reaven (1993) who 

studied that the defect in insulin action and/or the associated hyperinsulinemia will lead to 

an increase in plasma triglyceride and a decrease in HDL cholesterol concentration, and 

high blood pressure. Our results are also in accordance with Hirayama et al. (2009). They 

studied that type 2 diabetic patients in the poor-GC phase have high preβ1-HDL levels in 

the morning, followed by a gradual reduction until midnight. BG control diminishes this 

postprandial change. They argued that glucose metabolism may be involved in modulating 

reverse cholesterol transport in type 2 diabetic patients. 

 The results reported in table support the findings of Aminot and Anderson (2004). 

They conferred reduced HDL an additive risk for insulin resistance and cardiovascular 

disease.  

 Boreggreve et al. (2003) stated that diabetes mellitus or insulin resistance is 

accompanied by low HDL cholesterol and high plasma triglycerides levels which are major 

risk factor for heart complications. Soliman et al. (2008) and Owens et al. (2008) also 

reported low HDL cholesterol level in diabetics as compared to control 

Sov D.F S.S M.S F P 

Model 8 2208.08120 276.01015 7.51 <0.0001 

Normal vs. 
Dieseas 

1 240.870400 240.870400 6.55 0.0108 

Heart vs. 
Diabetes 

1 1897.473600 1897.473600 51.63 <0.0001 

Within 
Heart 

3 40.42000 13.473333 0.64 0.5874 

Within 
Diabetes 

3 29.317200 9.772400 0.20 0.8935 

Error 441 16206.07160 36.74846   
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Correlation between level of glycation and HDL      
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 These graphs show that there is a negative but significant correlation between the 

level of glycation and HDL in cardiovascular disease patients (r =-0.001214) and 

cardiovascular disease due to insulin resistance (r =-0.011785). These results are in 

accordance with Hedrick et al. (2000) who concluded that alteration in function of HDL 

caused by exposure to hyperglycemia could contribute to the accelerated atherosclerosis 

observed in type 2 diabetes. 

 

r = 0 . 0 0 1 2 1 4  

r = 0 . 0 1 1 7 8 5  
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Low Density Lipoprotein (LDL) 

LDL level in normal subjects 

 In normal subjects the level of LDL varied from minimum value of 60 mg/dl to a 

maximum value of 130 mg/dl. The level of LDL in normal subjects revealed mean ± SD 

value of 106.74 ± 16.4575 (Appendix 1).  

LDL level in hyperlipidemic patients 

 In hyperlipidemic patients the level of LDL varied from minimum value of 140 

mg/dl to a maximum value of 199 mg/dl. The level of LDL in hyperlipidemic patients 

revealed mean ± SD value of 174.38 ±15.086 (Appendix 2).   

LDL level in hyperlipidemic and hypertensive patients 

 In hyperlipidemic and hypertensive patients the level of LDL varied from minimum 

value of 141 mg/dl to a maximum value of 197 mg/dl. The level of LDL in hyperlipidemic 

and hypertensive patients revealed mean ± SD value of 170.14 ± 18.29577(Appendix 3).

  

LDL level in myocardial ischemial patients  

 In myocardial ischemial patients the level of LDL varied from minimum value of 

151 mg/dl to a maximum value of 199 mole/mole. The level of LDL in myocardial 

ischemial patients revealed mean ± SD value of 176.42 ± 12.70239 (Appendix 4). 

LDL level in myocardial infarction patients 

 In myocardial infarction patients the level of LDL varied from minimum value of 

140 mg/dl to a maximum value of 200 mg/dl. The level of LDL in myocardial infarction 

patients revealed mean ± SD value of  171.44 ± 16.95873 (Appendix 5).     

LDL level in diabetic patients with hyperlipidemia 

 In diabetic patients with hyperlipidemia patients the level of LDL varied from 

minimum value of 143 mg/dl to a maximum value of 198 mg/dl. The level of LDL in 

diabetic patients with hyperlipidemia patients revealed mean ± SD value of 173.26 ± 

14.48829 (Appendix 6). 
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LDL level in diabetic patients with hyperlipidemic and hypertensive  

 In diabetic patients with hyperlipidemia and hypertension the level of LDL varied 

from minimum value of 140 mg/dl to a maximum value of 203 mg/dl. The level of LDL in 

diabetic patients with hyperlipidemia and hypertension revealed mean ± SD value of 

174.42 ± 19.3022 (Appendix 7).  

LDL level in diabetic patients with myocardial ischemia  

 In diabetic patients with myocardial ischemia the level of LDL varied from 

minimum value of 139 mg/dl to a maximum value of 203 mg/dl. The level of LDL in 

diabetic patients with myocardial ischemia revealed mean ± SD value of 175.12 ±17.87558 

(Appendix 8). 

LDL level in diabetic patients with myocardial infarction  

 In diabetic patients with myocardial infarction the level of LDL varied from 

minimum value of 136 mg/dl to a maximum value of 204 mg/dl. The level of LDL in 

diabetic patients with myocardial infarction revealed mean ± SD value of 176.06  ±  

15.57393 (Appendix 9). 

The LDL level in different groups are shown in fig  
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Analysis of variance for LDL level 

 Analysis of variance for LDL in different groups and average values of LDL level 
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are shown in Table 10. 

Table 10:  Analysis of variance for LDL level 

 
 
 Table 10 indicates that LDL value is lower in normal subjects. The LDL value is 

higher in cardiovascular diseased patients with or without insulin resistance. There is also a 

large variation in the level of LDL in all the four groups of cardiovascular patients. 

Analysis revealed diabetics with the highest levels of LDL at the start of the study were at 

nearly three times higher the risk of suffering a heart attack within five years as compared 

to those who had low LDL levels.  Peviously high LDL cholesterol has been reported in 

diabetic patients by Pasupathi et al. (2009), that is in accordance with our findings. Our 

study is also in accordance with the findigs of Buse et al. (2004) which shows the higher 

level of LDL cholesterol in insulin resistance patients. Chan et al. (2005) results are also in 

line with our results who found high level of LDL in diabetic patients.  

Sov D.F S.S M.S F P 

Model 8 202175.1778 25271.8972 93.73 <0.0001 

Normal vs. 
Dieseas 

1 200494.9878 200494.9878 743.59 <0.0001 

Heart vs. 
Diabetes 

1 262.4400 262.4400 0.97 0.3244 

Within 
Heart 

3 1208.89500 402.96500 1.59 0.1922 

Within 
Diabetes 

3 208.85500 69.61833 0.24 0.8660 

Error 441 118907.8200 269.6322   
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Correlation between level of glycation and LDL      
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 The graphs shows a positive correlation between glycation and LDL level in 

cardiovascular diseased patients (r =0.003396) and cardiovascular due to insulin resistance 

(r =0.01145). Besides the formation of carbohydrate intermediates, there is increasing 

formation of Mailard products via lipid derived intermediates. These products are called 

Advance lipoxidation products (ALEs). 

 Even amongst the diabetics, high glycated LDL levels meant double the risk of 

having a heart attack (Heartzine .com). 

 The results of our study are also in accordance to Hodgkinson (2008) who studied 

that AGE-LDL activates a TLR4-mediated signaling pathway, thus inducing 

r = 0 . 0 0 3 3 9 6  

r = 0 . 0 1 1 4 5  
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proinflammatory cytokine production. This mechanism may partly explain the increased 

risk of atherosclerosis observed in diabetics. The study of Hedrick et al. (2000) is also in 

line of our study who stated that alteration (glycation) in function of LDL cholesterol 

caused by exposure to hyperglycemia could contribute to accelerated diabetic 

complications like cardiovascular diseases. According to Hodgkinson et al. (2008) there is 

substantial evidence indicating that glycated LDL promotes atherosclerosis. However, the 

underlying mechanism remains unclear. Our study shows that glycated LDL activates Toll-

like receptor 4, inducing proinflammatory cytokine production. This finding is of 

importance for understanding why diabetics are at increased risk of developing 

atherosclerosis. 
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INSULIN RESISTANCE AND CARDIOVASCULAR 

DISEASES 

By 

Nosheen Aslam 

 Clearly, insulin resistance is not simply a problem of deficient glucose uptake in 

response to insulin, but a multifaceted syndrome that increases significantly the risk for 

cardiovascular disease. The links between insulin resistance and the associated 

dyslipidemia, hypertension, hypercoagulability, and atherosclerosis are numerous and 

complex. The dysregulation of fatty acid metabolism plays a central role in the 

development of this phenotype. Thus, the association between insulin resistance and 

dyslipidemia is clearly initiated by increased FFA release from, or defective uptake of 

FFAs into, adipocytes. The endothelium releases various factors, one of which, NO, is 

implicated in heart disease. Others are angiotensin and endothelin-1, and insulin resistant 

patients produce less NO and more angiotensin and endothelin-1. Insulin plays a role in 

vasodilatation by stimulating NO release, which increases glucose uptake. An insulin 

resistant person have impaired glucose, fat and protein metabolism, but also resistance to 

the effects of insulin to stimulate release of NO. The vascular insulin resistance resulting in 

decreased production of NO decreases blood flow to skeletal muscle and accounts for about 

25% of whole body insulin resistance. Insulin resistance may independently elevate BP, 

and hence insulin sensitizers may lower BP. The present study was designed to study an 

overview of insulin resistance and its relationship to cardiosvascular diseases, 

hyperlipidemia, hypertension, myocardial ischemia and myocardial infarction. The 

glycation level was also be analyzed in all these patients. ELISA was performed to check 

the AGE products.                                                                                                                                          

 A total 50 healthy subjects, non diabetic with no history of cardiovascular diseases 

was taken as control. A total of 400 male patients with and without type II diabetes, 

between the age of 40-60 was enrolled in this study. In each case 200 patients had 

cardiovascular disease without insulin resistance and 200 had cardiovascular disease due to 

insulin resistance were processed for all parameters. 
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        Normal persons had lesser amount of glycation level as compared to other groups. The 

glycation value of cardiovascular diseased patients due to insulin resistance was greater 

than that of cardiovascular disease without diabetes. The level of AGEs was lower in 

normal subjects as compared to cardiovascular disease with or without insulin resistance. 

In these results I also noticed less amount of AGEs in cardiovascular diseased patients as 

compared to cardiovascular disease due to insulin resistance. 

The concentration of glucose was lower in normal subjects as compared to 

diabetics. Glucose concentration was higher in all the four stages of heart disease, but it 

increased abruptly in heart disease due to insulin resistance. Protein value decreased as the 

intensity or complication of insulin resistance increases. There was a significant difference 

in protein value within the groups because there was a large variation in groups. The 

normal group had high protein concentration than that of diabetic groups. The increased 

rate of glycation of proteins during hyperglycemia is implicated in the development of 

complications of insulin resistance, such as cardiovascular diseases. Cardiovascular 

diseased patients also had lower HbA1c as compared to cardiovascular disease due to 

diabetes or insulin resistance. Concentration of insulin was higher in cardiovascular 

diseased patients due to insulin resistance than those of without insulin resistance. This 

resistance is attributable to reduced insulin-stimulated muscle glucose metabolism. These 

changes are associated with increased fat accumulation in muscle and liver tissue. It can be 

explained on the basis of this fact that the higher level of insulin causes insulin resistance 

which leads to high level of glucose which then glycated proteins. There was a positive 

correlation in cardiovascular due to insulin resistance. This is due to reason as the 

concentration of c-peptide shows the concentration of insulin so the increase in c-peptide 

level shows large amount of insulin is produced by the body. This insulin resistance causes 

abnormal metabolism of glucose. So due to large amount of glucose ultimately glycation of 

proteins is also increased. Both groups with or without insulin resistance had high value of 

cholesterol. There was also a large variation of cholesterol level within groups which 

showed that different stages of cardiovascular disease had different cholesterol values. As 

the cholesterol level increases glycation also increases and vice versa. It also shows that in 
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addition to sugar and protein, lipid also plays an important role in the initiation of AGEs. 

The level of HDL was lowest in all groups of cardiovascular diseased patients. Alteration 

in function of HDL caused by exposure to hyperglycemia could contribute to the 

accelerated atherosclerosis observed in insulin resistance. The LDL value was higher in 

cardiovascular diseased patients with or without insulin resistance. There was also a large 

variation in the level of LDL in all the four groups of cardiovascular patients. Besides the 

formation of carbohydrate intermediates, there is increasing formation of Mailard products 

via lipid-derived intermediates. These products are called advanced lipoxidation products 

(ALEs).  In insulin resistance patients high glycated LDL levels meant double the risk of 

having a heart attack. 

Our findings show that insulin resistance is the underlying defect leading to diabetes 

and cardiovascular diseases. These have implications for the development of better 

targetted preventions and treatment strategies. Furthermore it will justify the development 

of drugs aimed at improving insulin sensitivity.   
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