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ABSTRACT 
Insulin Resistance Syndrome (IRS) is identified as the biggest villain in the whole 

scenery of type 2 diabetes mellitus (T2DM). But the prevalence of various components 

of the syndrome vary from place to place. Even the degree of hyper-insulinernia, which 

is an important consequential component of IRS varies in different races and regions. 

The data regarding this is lacking from India, which makes it difficult for us to 

understand the real extend of cardiovascular threat posed by T2DM. This study is an 

attempt in analyzing the prevalence of IRS among T2DM. 

Out of the total 139 patients, 120 (86.33%) had hyper-insulinemia. According to the 

NCEP-ATP Ill criteria, the prevalence of IRS was 103 (74.1%) among the total patients. 

But, among the hyper-insulinemic group alone, 79.15% had IRS. Further analysis of 

the data showed that diabetes starts in a much younger age group in the study 

population and that it peaks relatively early compared to other races and regions. 

There is lesser prevalence of diabetes in the 7th decade and beyond. The results 

showed that WHR has better correlation with IRS than the BMI. The control of diabetes 

was poor among nearly 213'c' of the patients. 11!jth of males and 113'c' of females had 

CAD. 67.21% of males and 71.19% of females had hypertension. There was higher 

mean systolic BP among females. 50% had positive family history of diabetes among 

l* degree relatives. The lipid abnormalities were of lesser classical nature. More 

number'of patients had abnormal LDL levels than having TGL or HDL abnormalities. 

52.1% of males and 55% females had statistically significant l o w  calcium levels, 

whereas the uric acid levels were normal in more than 90%. The study also showed 

that the fasting insulin level is higher (90.4&Jlml for males and 72.3 pUlml for females) 

and that it correlates well with the degree of insulin resistance. It may therefore be 

necessary to measure insulin level along with blood glucose and lipids in type 2 

diabetes mellitus. 



INTRODUCTION 



EPIDEMIOLOGY: 

Type 2 diabetes mellitus (T2DM) is an insulin resistant state associated with accelerated 

atherosclerosis, hypertension, dyslipidemia and abnormal vasomotor responses to insulin 

(DeFronzo and Ferrannini, 1991; Haffner et al., 1990; Hsueh et al., 1997). Type Idiabetes 

is relatively rare in Asians (Winter et al., 1987). As we move further in to the new 

millennium there is set to be an epidemic of T2DM. However many clinicians and 

researchers continue to view diabetes as essentially an endocrine disease associated with 

hyperglycemia alone. Moreover T2DM has been considered as a 'mild' form of diabetes by 

both the general public and some clinicians as well (Nathan, 1999). Although the risk of 

developing specific complications of diabetes such as retinopathy, nephropathy, and 

neuropathy is clearly associated with the degree and duration of hyperglycemia, the 

relationship of diabetes with macro vascular disease [coronary artery disease (CAD), stroke 

and peripheral vascular disease (PVD)] is poorly understood (John et al., 2001). 

The prevalence of type 2 diabetes is increasing all over the world. As a result of the high 

population and the high diabetes prevalence, lndia has become the 'Diabetic Capital' of the 

world (Premalatha et al., 2000). WHO has recently acknowledged that lndia had the 

maximum number of diabetic population in any given country in the year 1995 (19 million 

out of 135 million world diabetic population) and that this would increase to 57 million (out 

of 300 million world diabetics) by the year 2025 (King et al., 1998). Again, with the rising 

trend in the prevalence of diabetes it is estimated that by the year 2000 AD itself, lndia had 

33 million diabetic persons. The prevalence was as high as 14.7% in subjects aged 20 

years and more (Ramachandran, 1997). 

Diabetes mellitus is a leading cause of blindness in developed countries. It carries a 2 to 5 

times higher risk of heart attack and an even higher risk of stroke. Diabetes patients are at 

5 times higher risk of developing nephropathy and an estimated 25% of all new cases of 

end-stage renal disease are due to diabetes (Ramachandran, 1997). Unfortunately all 

these are western statistics and we do not have accurate population-based data on diabetic 



complications from India. This is particularly relevant since diabetes in India is rapidly 

increasing (Ramachandran, 1997). It is well known that diabetes produces changes in 

blood vessels and hence can affect almost every part of the body. The demonstration of the 

association of insulin resistance and atherosclerosis makes this subject a clinically and 

investigationally important one (Howard et al., 1996; Bonora et al., 1997; Yip et al., 1998). 

Only a small portion of the excess occurrence of atherosclerotic macro-vascular disease in 

patients with T2DM can be explained by the effects of diabetes on conventional risk factors 

of atherosclerosis (Jarret and Shipley, 1985; Pyorala et al., 1987). Therefore several 

factors associated with diabetes must be involved in the accelerated atherosclerosis among 

these patients. These include hyperglycemia and its consequences (Pyorala et al., 1987; 

Brownlee, 1992), altered composition and metabolism of lipoproteins (Schonfeld et al., 

1974; Howard, 1987; Taskinen et al., 1998) and high plasma insulin level (Stout, 1981) and 

/or insulin resistance (Reaven, 1988). Insulin resistance or metabolic syndrome can be 

considered as a cluster of risk factors, which, either alone or in concert contributes to a 

particularly high risk of atherosclerotic vascular disease (Kaukua et al., 2001). When 

clustering of risk factors typical of type 2 diabetes were taken into account, the incidence of 

first myocardial infarction in San Antonio Heart study increased from 0 to 40% (p less than 

0.05) as the number of risk factors increased from 0 to 5. The risk factor clusters among 

type 2 diabetic subjects are of great predictive value and when not aggressively treated, 

show a relentless increase, despite selective, mortality (Kaukua et al., 2001). In the same 

study it was found that a combination of 3 or more risk factors for coronary artery disease in 

the same cardiac patient was more prevalent than either one factor alone or two factors in 

combination, and also suggested that hyperinsulinemia might provide the common etiologic 

link (Haffner and Meitinen, 1997; Ferranini et al., 1991). 

Global Position 

The global prevalence of Type 2 Diabetes is expected to double in the period 2000-2025 

and may reach a level of almost 300 million people (King et al., 1998). It is reported that 



there will be a 57% increase in the prevalence of diabetes in Asia and a 24% increase in 

Europe from the year 2000 to the year 2010 (Zimmet et al., 2001). Diabetes mellitus, the 

most common metabolic problem, is responsible for the poor quality of life for many 

patients world over. They suffer from more cardiovascular problems and heart failure than 

the general population (Paulo, 2005). The severity of hyperglycemia is responsible only to 

a minor extend for this increased prevalence of cardiac problems (Ake and Thomas, 2005). 

Diabetes in lndia 

The data projected so far by various agencies including World Health Organization (WHO), 

shows that lndia is going to face a big challenge posed by the rising prevalence of diabetes 

and its complications, unless steps are taken to implement the primary and secondary 

prevention measures in diabetes. At present there are more than 33 million type 2 diabetics 

in lndia (Ramachandran et al., 2003). Studies from 6 major urban cities of lndia showed the 

average prevalence of diabetes as 12.1%) ranging from 9.3 to 16.6% (Ramachandran et 

al., 2001). Rural areas in lndia (Ramachandran et al., 1992), Pakistan (Shera et al., 1995), 

Bangladesh (Sayeed et al., 1997), and other Asian countries (Singh and Bhattarai, 2003) 

have a lower prevalence of diabetes in comparison with urban areas. 

Contrary to the findings from developed countries, studies from lndia had shown lower 

income group having lower prevalence of diabetes than upper income groups, though both 

groups showed similar obesity. The lower income groups had lower BM1 (Mohan et al., 

2001; Ramachandran et al., 2004; Dudeja et al., 2001). This finding contrasted with those 

from developed countries where lower class signified higher rates of obesity and diabetes. 

In northern India, studies on the effects of urban -rural migration for settlement in urban 

slums showed that there was significant increase in the prevalence of diabetes, obesity, 

dyslipidemia and central adiposity in the migrant group, especially among females (Misra et 

al., 2001). Like diabetes, the prevalence of pre-diabetes (impaired glucose tolerance- IGT) 

also shows an upward trend in India. The chances of this pre-diabetes progressing to frank 



diabetes is around 40% over a period of next 5-10 years, which will also add to the 

increasing incidence of this menace in lndia (Shaw et al., 1999). 

The Asian Indians also have high racial susceptibility to diabetes, and they also showed 

high familial aggregation, central obesity and insulin resistance, mostly due to life style 

changes due to urbanization (Ramachandran et al., 2003). Increasing obesity, increased 

longevity and sedentary life styles are also responsible for the increasing prevalence of 

diabetes in lndia (Ake and Thomas, 2005). 

Diabetes in Asia 

Epidemiological studies on diabetes have had a significant impact on diabetes research, 

care, and prevention in the last century. The Asia-Pacific region has been considered to be 

the major site of a rapidly emerging epidemic of diabetes (Amos et al., 1997; King et al., 

1998), and with its large populations it is of prime importance for the epidemiology of 

diabetes. It has been estimated that among the 10 leading countries, in terms of the 

number of people with diabetes in the year 2025, five are in Asia (King et al., 1998). 

According to earlier findings, the prevalence of T2DM and IGT varies markedly throughout 

Asia (King and Rewers, 1993; Cockram and Chan, 1999), according to race, lifestyle, level 

of affluence, mechanization, and urbanization. 

The high prevalence of ischemic heart disease among South Asians shows that, insulin 

resistance syndrome components are of a far more classical nature among them. The 

components are high insulin resistance, high triglycerides, low HDL cholesterol and 

diabetes. Smoking, hypertension and altered haemostatic factors are of slightly lesser 

importance in causing increased CAD in South Asia (McKeigue at al., 1991). Central 

obesity in the form of greater amount of fat in the abdomen or trunk, in addition to 



generalized adiposity, is associated with increased risk for diabetes, heart disease and 

hypertension (Janssen et al., 2004). Some of the studies had shown that the waist 

circumference and not body mass index better explains obesity-related health risk (Janssen 

et al., 2004). In certain populations, such as those of Asian descent, abdominal (central) 

obesity is recognized to be a better predictor of CO-morbidity like diabetes than BMI 

(Fujimoto et al., 1995). Asians have increased relative risk of developing diabetes and its 

CO-morbidities for a lesser waist circumference. The recommended cut-off for waist 

circumference in the NCEP ATP Ill definition (102 cm for men and 88 cm for women), 

obtained by the studies mainly on western Caucasians is inappropriate for an Asian 

population such as ours due to the smaller build of the population (KO et al., 1999; Lear et 

al., 2002; Lin et al., 2002; Li et al., 2002). Data from Singapore and other reviews of Asians 

(Wang et al., 1994; Gurrici et al., 1998; Deurenberg et al., 2002) had shown that the BM1 of 

Asians is about 3 kg /m* less than the Europeans for any given percentage of body fat. It 

seems likely that these findings involving BM1 would also apply to other anthropometric 

indexes such as waist circumference. 

The major thrust on the medical management of diabetes in this part of the country is to 

mainly reduce the blood sugar alone, where actually this alone is not going to significantly 

alter the cardiovascular outcome in diabetes (the UKPDS report). We now know that 

diabetes predisposes to cardiovascular disease several times, and coronary artery disease 

is the major cause of death in diabetes, and that there are several other CVD risk factors 

associated with diabetes. Though the UKPDS trial has demonstrated by epidemiological 

analysis that cardiovascular outcomes were consistently associated with hyperglycemia in 

a manner similar to the relationship between micro vascular complications and 

hyperglycemia, it did not prove definitely that intensive therapy that lowered blood glucose 

levels reduced the risk of cardiovascular complication (American Diabetes Association, 

2001). 



This point highlights the fact that mere glucose lowering as practiced by many primary care 

physicians in our country is not sufficient to decrease the mortality related to diabetes, but 

serious attention should also be given to reducing or tackling other associated risk factors. 

So, along with identifying diabetes prevalence, it is also equally important to find out the 

prevalence of other cardiovascular risk factors associated with it, like central obesity, 

hypertension, dyslipidemia, insulin resistance or hyper-insulinemia etc., so that, it will give 

us a better chance to reduce the increased morbidity and mortality due to diabetes. This 

will also help us to form strategies to intervene at an earlier stage and save lives. 

Surely the most effective way to reduce cardiovascular risk associated with diabetes would 

be to prevent diabetes itself. But for patients who already have diabetes or in whom it is 

likely to develop, the advantages of a multi-factorial approach to the reduction of 

cardiovascular risk are clear (Caren and Solomon, 2003). For this an epidemiological 

survey to prove the existence of this cluster of coronary risk factors associated with type 

2diabetes, in this region is essential, which will convince our physicians involved in caring 

for diabetes patients of the need to have a multi-pronged approach to this mega menace 

faced by us. 

Though there are some studies on this subject from Madras and other areas of South India, 

in Kerala no serious attempt has been made in assessing the prevalence of this syndrome. 

So this study is an attempt to assess the prevalence of a major component of this 

syndrome, i.e., the insulin resistance, by measuring fasting insulin in type 2 diabetic 

patients attending a major Govt. hospital in Malabar. 

PATHOPHYSIOLOGY 

Insulin receptor: 

Insulin receptor (IR) is a transmembrane tyrosine kinase, expressed as a tetramer in a 2a, 

2P configuration (Ebina et al., 1985; Ullrich et a1.1985). The alpha subunit is presented to 



the exterior of the cell membrane and the beta subuit extends trans-membraneously to the 

interior of the cell. On secretion from pancreas, insulin rapidly reaches its receptor, the IR, 

which is widely expressed on the cells of various tissues where it interacts with its cognate 

receptor. A schematic representation of the insulin receptor is given below (Figure 1). 

Fiaure: 1. Schematic representation of Insulin receptor 
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Schematic representation of the insulin-receptor tetramer. Two identical alpha subunits are linked together by disulfide bonds, 
and each alpha subunit is covalently linked by another set ot disulfide bonds to beta subunits. The beta subunits are 
transmembrane proteins, whereas the aipha subunits are located entiely outside of the cell.Some functional domais identified in 
the kinase domain are indicated.Point mutations found in patients with severe insulin resistance are indicated. 



Action of insulin on its receptor: 

Insulin binding to specific regions of the a-subunit leads to a rapid configurational change in 

the receptor that leads to autophosphorylation of specific Tyr residues of the intracellular 

region of the P-subunits through a transphosphorylation mechanism. This results in 

activation of the Tyr kinase activity of the receptor (Lee et al. 1997). In the inactive state, 

the catalytic site of the Tyr kinase is occluded by the "activation-loop," preventing access of 

ATP and various substrates (Hubbard et al. 1994; Lee et al. 1997). The activated IR kinase 

phosphorylates substrate proteins on Tyr residues, and these phosphorylated Tyr residues 

serve as docking sites for downstream effectors (Fig 2) .  

Fiqure: 2, Insulin Rece~tor Siqnalinq Pathways: 

Figure:IR signaling pathways. The two major pathways are the RaslRafIMAP kinase and P13-knase pathways. Initially, 

the activated IR binds SHC and the IRS molecules, and these interact with downstream substrates. The P13-K pathway 

leads to a large variety of biological actions after activation( Roith and Zick,2001). 



The metabolic response to insulin is primarily mediated via the P13-K (Phosphatidyllnositol- 

3 Kinase) kinase pathway. P13-K activity results in production of phosphatidylinositol3,4,5- 

phosphate (PIP3). This leads to the activation of PDKI (P13K Dependent Kinase), which in 

turn phosphorylates and activates Akt. Akt has been implicated in regulating the 

translocation of GLUT4 (Glucose transporter-4), an insulin-sensitive glucose transporter 

expressed by muscle and fat cells. Protein kinase C (PKC) isoforms z and I are also 

activated by P13-K and PDKl and regulate GLUT4 translocation (Czech and Corvera 

1999). Stimulation of glycogen synthesis is another key metabolic effect of insulin. 

Glycogen synthase kinase-3 (GSK-3) mediates, at least in part, the activation of glycogen 

synthase in response to insulin. Activation of Akt by insulin results in the phosphorylation --. 
and inactivation of GSK-3, rendering it incapable of inhibiting glycogen synthase activity 

(Cross et al. 1995). GSK-3 also inactivates the protein synthesis eukaryotic initiation factor 

(elF)-20 (the guanine nucleotide exchange factor) by phosphorylation. Insulin-mediated 

activation of Akt reverses these processes, thereby enhancing protein synthesis (Welsh 

and Proud 1993). Insulin can also activate protein synthesis at the translational level by 

phosphorylation of p70S6 kinase and 4E-BP1 via the kinase mammalian Target of 

Rapamycin (mTOR). 



Insulin Resistance: 

Fiqure: 3. Diaqrammatic Representation of pathwavs of insulin resistance 
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Figure-SerRhr phosphorylation of the IRS molecules induces insulin resistance. Serrrhr phosphorylation of the IRS 

proteins may serve as a physiological negative feedback control mechanism or may result in insulin resistance( Roith 

and Zick,2001). 

Insulin resistance is a hallmark of type 2diabetes (Warram et al. 1990; Lillioja et a1.1993) 

that precedes and predicts the disease for several years (Juhan-Vague et al. 1993). A 

diagrammatic representation of the various biochemical pathways of development of insulin 

resistance is given in Figure 3. About 80-90% of all type 2 diabetes coexists with insulin 

resistance (Hochholdinger et al. 1999) which usually also precedes the first symptoms of 

the disease (Zimmet et al. 2001; Alberti 2001). The prevalence of the insulin resistance 

syndrome has varied markedly between different studies, most likely because of the lack of 

accepted criteria for the definition of the syndrome (DeFronzo 1988; Lillioja et a1.1988). 

There is abundant evidence that insulin resistance is a treatable precursor of type 

2diabetes (Warram et al. 1990; Lillioja et al. 1993) and perhaps of cardiovascular disease 



as well (Reaven 1988; DeFronzo and Ferrannini 1991; Howard et al. 1996). The latter 

association, which is independent of diabetes, may be partially a consequence of the 

relationship between insulin resistance and the "metabolic syndrome," which consists of 

obesity, particularly abdominal obesity; impaired glucose regulation; dyslipidemia of the 

high-triglyceridellow-HDL cholesterol type; and hypertension.( Defronzo and Ferrannini 

1991 ; Stern et al. 1997). 

Risk factors for Type 2 diabetes and atherosclerotic vascular disease such as insulin 

resistance, dyslipidemia, and hypertension cluster together in affected individuals (John 

Cockeroft 2001). Gerald Reaven in 1988 proposed the term 'Syndrome- X' to describe the 

cluster of cardiovascular risk factors (hypertension, glucose intolerance, increased TGL, 

and low HDL cholesterol), whereas more recently the syndrome has been described as the 

'Insulin resistance syndrome', 'Pluri-metabolic syndrome', 'The Deadly Quartet', and 

'Metabolic syndrome' or more appropriately as the 'Dysmetabolic syndrome' etc. by various 

groups (Anna and Christopher 2001). The syndrome is however much older, having been 

already observed in 1923 by Kylin who described the clustering of hypertension, 

hyperglycemia and gout as a syndrome (Reaven 1993). Subsequently several other 

abnormalities have been associated with this syndrome including obesity, 

microalbuminuria, and abnormalities in fibrinolysis and coagulation (Bo lsomaa 2001). 

Avagaro and Creapaldi also described the syndrome over 40 years ago. But the 

importance of this concept in clinical practice was mainly highlighted by Reaven, who drew 

attention to the association of the constellation of these features with coronary heart 

disease. He also suggested that insulin resistance played a central etiological role in 

providing a link between these components. Hence the name "Insulin Resistance 

Syndrome1' has been widely used and refers to insulin resistance as a common 

denominator of the syndrome. This name is justified by the idea that insulin resistance is 

the major common denominator of the abnormalities involved in the syndrome. 

Unfortunately, the vast majority of data contributing to our knowledge about this syndrome 

is not based on the true measurement of insulin resistance (Enzo Bonora et al. 2000). 



There are two hypotheses, which related the intrauterine and infantile environment to the 

development of insulin resistance in future life. They are the 'thrifty phenotype' hypothesis 

and the 'thrifty genotype' hypothesis. The thrifty phenotype hypothesis states that poor 

nutrition in fetal and infant life is detrimental to the development and function of the beta 

cells and insulin sensitive tissues, leading to insulin resistance under the stress of obesity 

(Phillips et al. 1994). Maternal diabetes, resulting in the higher birth weights, may have 

effects similar to fetal malnutrition (Fowden 1989). The thrifty genotype hypothesis 

proposes that defective insulin action in-utero results in decreased fetal growth as a 

conservation mechanism, but at the cost of obesity-induced diabetes in later childhood or 

adulthood (Arlan et al. 1999). The vast Majority of diabetes in adults is polygenic and 

associated with obesity (Arlan et al. 1999). Japanese investigators have associated the 

increasing incidence of T2DM with changing food patterns and rising obesity rates ( 

Kitagawa et al. 1994; Kitagawa et al. 1998). 

Insulin resistance is a common pathologic state in which target cells fail to respond to 

ordinary levels of circulating insulin. It is frequently associated with a number of diseases, 

including chronic infection, human obesity, and type 2diabetes (Virkamaki et al., 1999). 

Molecular pathology of insulin resistance includes mutations or post-translational defects of 

the receptor itself or its down stream effectors. Though insulin resistance could also be due 

to a defect in the binding of insulin to the receptor (Taylor and Arioglu 1998), it is mostly 

attributed to a post-binding defect in the hormone actions (Roach et al. 1994). A 'type A 

syndrome' with severe insulin resistance is caused by a marked reduction in the receptor 

kinase activity, where the insulin binding is normal (Grunberger et al., 1984; Grigorescu et 

al., 1986). Some of the naturally occurring insulin receptor gene mutations are also 

associated with severe defects in the kinase activity (Taylor et al. 1992). But all these are 

not major components in the pathophysiology of type 2 DM and obesity (Krook and 

O'Rahilly 1996). In obesity IR is down regulated, but in T2DM, its activity is not found to 

have significantly reduced, which suggests the possibility of a post-receptor pathology in 



diabetes in insulin resistance (Caro et al. 1987)) which includes a reduction in IR tyrosine 

kinase activity (Thies et al 1990). The reduction in tyrosine kinase activity could be due to 

an elevated tyrosine phosphatase activity (Kusari et al. 1994). Enhanced serinelthreonine 

phosphoryloation of the receptor, which impairs tyrosine kinase activity is also suggested 

as a cause for insulin resistance in T2DM (Dunaif, Xia and Schenker. 1995; Haring HU 

1991). SerlThr phosphorylation impairs insulin-stimulated Tyr phosphorylation of IRS 

proteins, uncouples insulin signal transduction, and has been implicated in the 

development of insulin resistance (Tanti et al. 1994;Hotamisligil et al. 1996; Paz et al. 

1997). P13-K is also severely reduced in type 2 diabetic patients (Goodyear et al. 1995). 

Glycogen synthesis is found to be markedly reduced in the muscle of type 2 diabetic 

patients (Cline et a1.1999). Insulin resistance could be attributed to the uncoupling of the IR 

and IR Substrate proteins, which could be the result of excessive SerlThr phosphorylation 

of the latter (Paz et al. 1997). In non-diabetic as well as diabetic subjects, insulin resistance 

is related to several cardiovascular risk factors, (Haffner et al 1999; Gazzarus~ et al. 2002; 

Araneta et al. 2002; Meigs et al. 2003) including hyperglycemia (Bonora et al. 1998), 

dyslipidemia (Bonora et al. 1998)) hypertension (Bonora et al. 1998; Bonora et al. 2001), 

thrombophilia (Thomas Nystrom 2005) and cigarette smoking (Targher et al. 1997)- Insulin 

resistance is to be considered as an accomplice in the pathogenesis of CVD in type 

2diabetes. If it is possible to establish whether insulin resistance contributes to 

atherosclerosis and CVD directly and independently, it would be of great clinical value, 

because it might strongly justify and encourage the use of therapeutic options, including 

drugs capable of improving insulin sensitivity, with the aim of reducing the cardiovascular 

risk. In this context, it is important to remember that physical activity, which improves insulin 

sensitivity, was shown to prevent CVD in patients with type 2diabetes (Hu et al. 2001). 

Moreover, administration of metformin, a drug that is effective for insulin resistance 

(Davidson and Peters 1997), was the only therapeutic approach successful in reducing the 

incidence of myocardial infarction in the U.K.P.S (United Kingdom Prospective Diabetes 

Study) (UKPDS Group, 1998). Now, an .insulin sensitizing agent such as troglitazone was 

able to reduce intima-media thickness in type 2 diabetic patients (Minamikawa et a1 1998). 



In the Verona Diabetes Complications Study (Enzo Bonora et al. 2002)) it was found that 

insulin resistance, as estimated by HOMA (Mathews et al. 1985), was a strong predictor of 

both prevalent CVD at baseline and incident CVD during follow-up in a large sample of type 

2 diabetic subjects. This was found independently of classic risk factors (e.g., smoking) and 

variables most strictly related to insulin resistance (e.g., BMI). As expected, smoking, 

totallHDL cholesterol ratio, hypertension, and poor metabolic control were the other 

predictors of CVD. Therefore, it appears that insulin resistance can contribute more strongly 

to the serious complications of type 2diabetes through a different and unique pathway than 

from those of the classical risk factors. Because of this finding, insulin resistance deserves 

a special treatment in type 2 diabetes, directing not only at high blood sugar but also at 

atherosclerotic vascular disease.(Pyorala 1979; Welborn and Wearn 1979; Despres et al. 

1 996). 

Some of the other mechanisms of insulin resistance causing atherosclerosis are, the 

impaired platelet function (McClain and Crook 1996), impairment of NO release from 

endothelium (Carr et al. 1998), inhibition of vascular smooth muscle migration (Rose and 

Blackburn 1968) and the inhibition of fibrinogen synthesis by insulin (Tunstall et al 1994). 

In 1998, WHO proposed a unifying definition for the insulin resistance syndrome, and 

chose to call it the 'Metabolic syndrome' rather than the insulin resistance syndrome 

(Alberti and Zimmet 1998). In accordance with the WHO proposal, the components of the 

metabolic syndrome are 1) Hypertension, defined as antihypertensive treatment and I or 

elevated blood pressure (more than 160 mmHg. Systolic or more than 90 mm Hg diastolic); 

2) dyslipidemia, defined as elevated plasma triglycerides (More than 150 mgldl) and /or low 

HDL cholesterol (less than 40 mgldl in men, and less than 50 mgldl in women) 

concentrations, 3) Obesity defined as a high Body Mass Index (BMl)(more than or equal to 

30 kglm square) and or a high waist-hip ratio (more than 0.9 in men, more than 0.85 in 

women) and 4) Microalbuminuria (urinary AER equal to or more than 20 microgm I min, or 



20mglL or 30mg124 hours). A person with type 2 diabetes or IFG (impaired fasting 

glucose)llGT (impaired glucose tolerance) has the metabolic syndrome if two of the criteria 

listed above are fulfilled. A person with NGT (normal glucose tolerance) has the metabolic 

syndrome if helshe fulfills two of the criteria in addition to being insulin resistant. Asian 

populations, however, are known to be at increased risk for diabetes and hypertension at 

lower BM1 ranges than non-Asian groups. Consequently, the WHO has suggested lower 

cutoff points for consideration of therapeutic intervention in Asians: a BM1 of 17.5 to 23 

represents acceptable risk, 23 to 27.5 represents increased risk, and 27.5 or higher 

represents high risk (WHO Expert Consultation 2004) The absolute BM1 cutoffs for 

overweight and obesity remain unchanged for Asians (~onathan Purnell2005). Using 

HOMA IR insulin resistance is defined as the highest quartile of the HOMAIR index. HOMAIR 

=Fasting Insulin (p~lml)  X Fasting Plasma Glucose (m.mollL)/22.5(Haffner et al., 1997). 

Fasting insulin levels on their own are correlated with insulin resistance and could be 

considered a useful clinical indicator. Because many of the components of the metabolic 

syndrome are associated with insulin resistance, it has been suggested that the syndrome 

should instead be called the 'Insulin Resistance Syndrome' (Balkan and Charles 1999). In a 

recent Finnish study (Vanhala 1997), clustering of a high BMI, high TGL, low HDL 

cholesterol and endogenous hyperinsulinemia predicted cardiovascular mortality in patients 

with T2DM. In patients with IFGIIGT, insulin resistance conferred the greatest risk of CAD. 

Most large prospective or retrospective studies have suggested that insulin resistance is a 

good predictor of the subsequent development of T2DM and that insulin levels are usually 

elevated prior to the development of an impairment of glucose tolerance (Polonsky et al., 

1996). At about the stage where the blood glucose reaches the diagnostic level for 

diabetes, there is a decline in insulin levels which becomes more pronounced as 

hyperglycemia increases; in particular, the rapid or early phase insulin response to a 

glucose stimulus is lost. The nature of this progression has led to the suggestion that beta 

cell failure and impaired insulin secretion are secondary to insulin resistance (Trevor et al., 

1 999). 



Both Metabolic Syndrome (Met Syn) and HOMA index were associated with coronary 

atherosclerosis independent of established risk factors. These findings support the use of 

biomarkers of insulin resistance in addition to NCEP or WHO Met Syn. criteria in assessing 

cardiovascular disease risk (Muredach et al. 2004). NCEP definition, unlike the WHO 

criteria, does not include measurement of insulin and therefore may fail to detect insulin 

resistance (Lakha et al. 2002; Laaksonen et al. 2002; Meigs et al. 2003). 

Using the present study, we are trying to asses the degree of insulin resistance by way of 

measuring fasting plasma insulin levels and are trying to find out whether the insulin 

resistance reported using other criteria are in accordance with that measured using plasma 

insulin level. 

Measurements of insulin resistance: 

A number of techniques are available for making definitive measurements of insulin 

resistance, including the hyperinsulinemic-euglycemic clamp technique, the frequently 

sampled intravenous glucose tolerance test, and the insulin suppression test. Although the 

HOMA-IR (HOMA-IR =fasting insulin X fasting glucose122.5, with fasting insulin expressed 

in pUlml and fasting glucose expressed in mmolll)(John Cockeroft et al. 2001) has been 

the most widely used of these indexes, neither this nor any of the others has become the 

standard for diagnosing insulin resistance (Anna Stears and Byrne 2001). These 

techniques, however, are complicated, cumbersome, and, in general, not suitable for large- 

scale population studies or routine clinical work. For that reason a wide variety of indexes 

based on simpler, clinical measurements have been proposed for assessing insulin 

resistance (American Diabetes Association 2001). There are evidences that fasting TGL 

along with fasting insulin are variables that best predicted insulin sensitivity (Kirsten 

Mcauley et al. 2001). A weighted combination of two routine laboratory measurements, 

i.e., fasting insulin and triglycerides, provides a simple means of screening for insulin 



resistance. (Kirsten Mcauley et al., 2001). Indexes of insulin resistance have acquired new 

salience with the development of various pharmaceutical agents, specifically metformin and 

the thiazolidinediones that sensitize the body to the action of endogenous insulin. Although 

initially developed for the treatment of diabetes, these agents also have a potential role in 

reducing the risk of diabetes and perhaps also of cardiovascular disease in insulin-resistant 

non-diabetic individuals. Moreover, the potential public health impact of such treatment 

could be large because it has been estimated that in developed countries as many as 25% 

of the non-diabetic population are as insulin resistant as patients with type 2diabetes (Agha 

and lbrahim 1984). Therapeutic reduction of insulin resistance has been shown to improve 

glycemic control (Kipnes et al. 2001; Fonseca 2000) and has the potential to favorably 

modify other components of the insulin resistance syndrome, thereby reducing the long- 

term cardiovascular sequel. In the above circumstances, we are trying to identify whether 

fasting insulin alone or any of the other parameters can alone indicate the prevalence of 

insulin resistance in type 2 diabetes patients. 

Contributors to the development of IRS (Insulin resistance Syndrome) 
and diabetes: 

GENES: There is substantial evidence to support a strong genetic contribution to insulin 

resistance (Chisholm 1991), especially from studies of Pima Indian families, though the 

specific genetic determinants are largely unidentified. The familial aggregation of type 

2diabetes is high among Indians, suggesting a strong genetic component for risk of the 

disease (UK Prospective Diabetes Study 1994; Viswanathan et al. 1996). 

HERIDITY: The risk of developing diabetes for offspring with one parent diabetic is 36%, 

which increases to 54% if the non-diabetic parent has a family history of diabetes. When 

both parents were diabetic, the prevalence rate and risk were increased to 62% and 73% 

respectively (Viswanathan et al. 1996). 



ETHNICITY: The prevalence of the metabolic syndrome in ethnic groups residing in Asia is 

largely unknown. This becomes especially pertinent given that Asia is the region in which 

the prevalence of diabetes and CVD are likely to see the largest increases in the near 

future (The Decoda Study Group 2003; Chee-Eng Tan et al. 2004). Nevertheless, ethnic 

differences are likely to exist between populations across Asia (Chee-Eng Tan et al. 2004). 

The difference in the prevalence of diabetes in different ethnic groups may not be 

completely explained by living environments and geographic locations, suggesting that 

genetic background plays an important role (The Decoda Study Group 2003). 

The higher prevalence of the metabolic syndrome at younger ages in Asian lndians and 

Malays means that Malays and Asian lndians have more predilections to develop diabetes 

and the proatherosclerotic risk factors associated with the metabolic syndrome. This, 

indicates the racial difference in the incidence of diabetes and insulin resistance. Another 

study also showed that like in the case of diabetes, ethnicity remained a significant 

predictor of CVD, even after adjustment for diabetes and other CVD risk factors (Lee et al. 

2001). In yet another study (Ma et al. 2003) excess mortality was observed in Asian lndians 

and Malays with diabetes compared with Chinese (Ma et al. 2003). 

ADIPOSITY (OBESITY): Obesity is an abnormal accumulation of body fat in proportion to 

body size. The lowest rates have been found in populations of Asian ancestry (Knowler et 

al. 1991; Schoenborn et al., 2002; Paeratakul et al. 2002; Hedley et al. 2004). Insulin 

resistance and type 2 diabetes are the paradigm of obesity-related disorders. Generally, 

the majority of patients with insulin resistance and type 2 diabetes are overweight and up to 

80% are obese (Leibson et al. 2001). Asian lndians are more centrally obese than Chinese 

and Malays (Hughes et al. 1997; Tan et a1.1999). Obesity is associated with increased risk 

of type 2 diabetes (Colditz et al. 1995), coronary heart disease (Donahue and Abbot 1987) 

stroke, congestive heart failure (Savage et al. 1998), hypertension (Havlik et al. 1983) 

dyslipidaemia (Denke et al. 1993) gall bladder disease (Stampfer et al. 1992) osteoarthritis 

(Cicuttini et al., 1996), sleep apnoea (Shepard 1992) and certain cancers, such as ovary, 



breast, and colon (Giovannucci et al. 1995; French et al. 1997) In addition to increasing the 

risk of ill health, obesity significantly increases the risk of mortality at any given age.(World 

Health Organization 1998; Sempos 1998; Andres 1999). 

There is strong evidence to suggest that the risks of mortality and morbidity associated with 

obesity can be reduced with weight loss. In one study, a 10 kg weight loss was associated 

with a 20-25% fall in total mortality, 3040% fall in diabetes related deaths, and 4040% 

fall in obesity related cancer deaths (Jung 1997). Two recent studies have shown that 

modest weight loss in overweight subjects with impaired glucose tolerance resulted in a 

58% reduction in incident diabetes (Tuomilehto et al. 2001; Diabetes Prevention Program 

Research Group 2002) A relatively modest weight loss of 5-10% of pretreatment body 

weight has been associated with significant improvements in concomitant medical 

disorders, such as type 2 diabetes, hypertension, and cardiovascular disease, in addition to 

an increase in life span (Wing et al. 1987; Goldstein 1992; Dattilo and Kris-Etherton 1992). 

In severely obese patients who lost 20-30 kg following surgical banding gastroplasty, 

hypertension and diabetes were cured in 89% and 43% of patients, respectively (Scottish 

Intercollegiate Guidelines Network 1996). Weight loss can also prevent the progression to 

type 2diabetes. 

Obesity is frequently associated with several of the components of the IRS and may be 

critical for the development of the syndrome. Several mechanisms have been proposed for 

the link between obesity and the IRS (Kahn and Flier 2000). Cardiovascular morbidity and 

mortality are increased in obese individuals independently of other risk factors. IRS is very 

common in obese individuals. However, some non-obese individuals demonstrate hyper- 

insulinemia and the other features of the IRS (Ruderman et al. 1998). Thus, obesity may 

not be essential for the expression of the syndrome, but the presence of obesity or weight 

gain may accentuate the patho-physiological changes associated with the syndrome. Body 

fat distribution rather than body mass may actually be a better predictor of IRS and 

cardiovascular risk (Abate et al. 1996). IRS, type 2diabetes, and hypertension are more 



closely associated with a central distribution of adiposity than with general increases in fat 

mass. Waist circumference serves as a clinical surrogate of intra-abdominal fat and 

correlates with insulin levels and IRS. 

A propensity for greater abdominal adiposity has been demonstrated in men (Limieux et al. 

1993) in older individuals (Matsuzawa et al. 1995) and in persons with impaired glucose 

tolerance or type 2 diabetes (Shuman et al. 1986). Genetic factors accounts for 67% of the 

variance in adiposity in men and women (Maes et al., 1997). The foremost reasons for the 

increasing incidence of obesity world over are sedentary life style, and the availability of 

energy-dense (high-fat, concentrated-sugar), low-fiber foods (Bray and Popkin 1998; 

Coakley et al. 1998; Ludwig et al. 1999; Gordon-Larsen et al., 2002; Drewnowski and 

Spector 2004). In children, the increased consumption of sugar-added beverages and 

reduction of dairy intake have also been associated with greater weight gain in prospective 

studies. (Ludwig et al., 2001; Pereira et al. 2002). Similar environmental predictors of 

weight gain have been described in societies adopting western lifestyles in the transition to 

First World economies like India (Popkin et al. 2001; Stookey et al. 2001). 

Visceral fat, also called central or abdominal fat, is metabolically distinct from subcutaneous 

fat. Visceral fat is resistant to the anti-lipolytic effect of insulin and consequently releases 

excessive amounts of free fatty acids (Nesto. 2004; Bays et al., 2004; Hsueh et al., 2004). 

Central obesity causing high levels of circulating free fatty acids and visceral fat 

accumulation is referred to as lipotoxicity. Visceral fat also produces excess 11-beta- 

hydroxysteroid dehydrogenase-l ( I  l -beta HSD-1 ), an enzyme that converts inactive 

cortisone to the biochemically active cortisol (Masuzaki and Flier 2003). Glucocorticoids 

are known to regulate fat distribution and metabolism, and the intracellular regeneration of 

cortisol in visceral fat creates a local cycle that promotes central adiposity and contributes 

to insulin resistance (Masuzaki and Flier 2003). 



Abdominal adipose tissue secretes several adipocytokines associated with inflammation, 

endothelial dysfunction, and thrombosis, including PAI-1, tumor necrosis factor-alpha (TNF- 

alpha), interleukin 6 (IL-6), resistin, and angiotensinogen (Nesto 2004; Bays et al., 2004; 

Hsueh et al., 2004) which increase the insulin resistance. 

Hyperinsulinemia and insulin resistance are the corner stones of obesity related metabolic 

syndrome as seen in morbid obesity (DeFronzo and Ferrannini 1991; Uunger 1995). But 

the relationship between the fat mass and insulin action becomes much stronger when one 

looks at fat distribution as well as overall fat mass. A measurement of waist-hip ratio (or a 

waist measurement alone, more Recently) as an index of central adiposity, has long been 

recognized as a marker of insulin resistance and risk for Type 2 diabetes (as well as 

cardiovascular risk). Studies using CT scan, MRI and DXA (Dual X-ray absorptiometry) 

have shown that upto 80% of the variance in insulin sensitivity may be accounted for 

statistically by variations in central fat (Carey et al. 1996). There is evidence that abdominal 

subcutaneous fat is similar metabolically to visceral fat and may contribute significantly to 

insulin resistance (Ruderman 1998). 

WHR: The best way to estimate obesity in clinical practice is to measure waist 

circumference. This is because an excess of abdominal fat is most tightly associated with 

the metabolic risk factors (Scott 2004). Asian Indians have these characteristic features of 

insulin resistance such as high central adiposity and high percentage body fat in 

comparison with many other populations. 

Several prospective studies have suggested that an elevated waist-to-hip ratio may be an 

important obesity related stroke risk factor (Larsson et al. 1984;Lapidus 1984;Welin et al. 

1987;Folsom et al. 1990; Terry et al., 1992; Walker 1996). In addition to an increase in total 

body fat, a proportionally greater amount of fat in the abdomen or trunk, compared with fat 

in the lower extremities or hips, has been associated with increased risk for diabetes, 

hypertension, and heart disease in both men and women (Janssen et al., 2004). 



Abdominal obesity is commonly reported as a waist-to-hip ratio, but it is most easily 

quantified by a single circumferential measurement (waist circumference) obtained at the 

level of the superior iliac crest (National Institute of Health: Evidence Report on Obesity and 

Overweight 1998). Current international guidelines categorize men at increased relative 

risk for coronary artery disease, diabetes, and hypertension if they have a waist 

circumference greater than 40 inches (102 cm); women are at increased risk if their waist 

circumference exceeds 35 inches (88 cm). 

But for Asians there is a modified criteria (Chee-Eng Tan et al 2004) proposed by 

Singapore national health survey (Deurenberg et al., 2002) and confirmed by WHO (WHO 

Tech Rep Ser 2000) recommendations, which is more than 90 cm for men and more than 

80 cm for women. This lowering of waist circumference for Asians will help in detecting 

metabolic syndrome in more number of people from the continent (Chee-Eng Tan et a1 

2004). 

BMI: Asian populations, however, are known to be at increased risk for diabetes and 

hypertension at lower BM1 ranges than non-Asian groups. Studies have shown that the 

Asian population, may be more insulin resistant for a given BM1 than Caucasians 

(McKeigue et al., 1991; Banerji et al. 1999). Asian Indians have a significantly greater 

proportion of body fat than is found in western populations. It is also clear that the healthy 

levels of BM1 and upper body adiposity are significantly lower for Asian Indians than for 

westerners. Consequently, the WHO (WHO Tech Rep Ser 2000) has suggested lower 

cutoff points for consideration of therapeutic intervention in Asians: a BM1 of 17.5 to 23 

represents acceptable risk, 23 to 27.5 represents increased risk, and 27.5 or higher 

represents high risk (WHO Expert Consultation 2004; Snehalatha, Vijay and 

Ramachandran 2003). The absolute BM1 cutoffs for overweight and obesity remain 

unchanged for Asians (Jonathan 2005). 



Studies have also reported that the body mass index was the most important risk factor for 

type 2 diabetes (Frank et al. 2001). Even a BM1 at the high end of the normal range (23 - 
24.9) was associated with a substantially higher risk than BM1 of less than normal (Frank et 

al. 2001). In some of the studies, (Aruna et al. 2003) BM1 and CRP were the only 

independent correlates of fasting insulin and thus indirectly of insulin resistance. The 

relation between both BM1 and CRP with insulin appeared to be linear. Asian Indians have 

a leaner BM1 than many other races, but BM1 is strongly associated with glucose 

intolerance as in other populations. This suggests that increase in body weight, although 

within the ideal levels of BMI, confers a high risk in this population (Ramachandran et al. 

2001; Dudeja et al. 2001). It could also be presumed that these populations may be having 

higher CRPl inflammatory markers (Our own unpublished study showed higher mean CRP 

levels in diabetics compared to western data), considering the increased incidence of 

insulin resistance in Asians and Indians, compared to the other populations (Enzo Bonora 

et al. 2002). Though BM1 and duration of diabetes did not predict the prevalence or 

incidence of cardiovascular disease in this study, BM1 was predictive of the incidence of 

diabetes in others (Ramachandran et al. 2001; Dudeja et al 2001) especially in Asian 

Indians. 

GENDER: The prevalence of the metabolic syndrome in men was significantly higher than 

in women with both the NCEP ATP Ill criteria and the Asian criteria (Chee-Eng Tan et al. 

2004). Pre-menopausal women are significantly more insulin sensitive than men, which is 

related to the substantially lower amount of visceral fat (despite approximately 30% greater 

overall fat mass). This is probably estrogen related and therefore lost after the menopause 

(Ruderman et al. 1998). In NHANES Ill (National Health and Nutrition Examination Survey- 

Ill), men had a slightly higher age-adjusted prevalence of the insulin resistance syndrome 

than women. But the increase in the incidence was more in women than in men (Earl et al 

2004). 



AGE: Aging is associated with declining mitochondrial function and decreased rates of 

muscle ATP synthesis (Petersen et al. 2003). The prevalence of the metabolic syndrome 

increases with age. Apart from the increasing prevalence rates in the Asian-Pacific region, 

the ages at which the disease develops are getting lower. In developed countries with 

predominantly Caucasian populations, most people with diabetes are older than 65 years. 

In developing countries, however, the majority are between the ages of 45 and 64 years 

(Cockram C and Chan 1999). The peak prevalence of diabetes differed between different 

ethnic groups (The Decoda Study Group 2003). It is possible that the earlier onset of 

diabetes with a high prevalence and a high incidence of myocardial infarction resulted in a 

greater premature mortality in diabetic individuals, and that this contributed to the decline in 

the prevalence of diabetes after 70 years of age in Indian subjects. 

DIET: Though it is popular belief that diets high in fat, especially saturated fat, generates 

insulin resistance, there is very little hard evidence from studies in humans to prove this. 

There may be only a modest effect of dietary fat on insulin action above that of dietary 

kilojoules content and weight gain (Storlein et al. 1996). But Ludwig has constructed an 

intriguing model whereby regular consumption of high glycemic index meals may ultimately 

lead to type 2 diabetes: Post-prandial hyperglycemia and increased circulating free fatty 

acids independently contribute to glucotoxicity, oxidative stress, and lipotoxicity while 

simultaneously working in concert to promote insulin resistance and hyperinsulinemia. 

These metabolic factors may collude with an individual's genetic predisposition and lifestyle 

to cause beta-cell failure and ultimately diabetes (Ludwig 2002). 

Dietary recommendations consistent with Adult Treatment Panel Ill (ATP Ill) (low-saturated 

fats, trans fatty acids, cholesterol, and simple sugars; increased intake of fruits, vegetables, 

and whole grains) are reasonable and will not constitute the above risky group (Grundy et 

al., 2004). Mediterranean-style diet-rich in fruits, vegetables, grains, and olive oil-is 

associated with reductions in metabolic syndrome, cardiovascular risks, and mortality, and 

is one of the diets closely resembling the ATP Ill recommended diet pattern. Studies have 



shown that longevity was associated with four protective factors: moderate alcohol 

consumption, physical activity, nonsmoking, and a Mediterranean diet (Susan, 2005). 

As popularly used, the Mediterranean-style diet features thefollowing: 

High consumption of fruits, vegetables, grains, potatoes, beans, nuts, and seeds Olive oil 

low to moderate amounts of dairy products, fish, and poultry, low amounts of red meat, eggs 

consumed zero to four times a week, and low to moderate amounts of wine. Mediterranean- 

style diets are close to American Heart Association dietary guidelines, although the diets 

contain a relatively high percentage of calories from fat. More than half the fat calories in a 

Mediterranean diet come from monounsaturated fat-mainly from olive oil-which doesn't 

raise blood cholesterol levels the way saturated fat does (Susan, 2005). The 'Mustard Oil' 

and 'Gingelly Oil1 commonly available in India have mono-unsaturated fatty acids in them. 

EXERCISE AND PHYSICAL ACTIVITY: Two major changes in the environment seem to 

have directly contributed to the increasing prevalence of obesity and insulin resistance 

and diabetes. The first is the decline in energy expenditure caused by technological 

advances and sedentary behavior and the second is the increased consumption of low 

cost, high fat, energy dense food. It has been shown that the prevalence of obesity 

increases proportionally with the daily time spent watching television (Gortmaker et al., 

1996) and that television viewing is inversely associated with the time spent outdoors 

(Maffeis et al., 1997). The three major components of energy expenditure are resting 

metabolic rate (RMR), meal induced thermo genesis (see above), and energy cost of 

physical activity. The largest component of these is the RMR, which is the energy 

expended by the body to maintain basic physiological functions, and is approximately 1 

kcallminute (4.2 kJlminute). Energy expenditure from physical activity is the most variable 

component of daily energy expenditure and can vary greatly within and between 

individuals.(Susan, 2005). It has been estimated that between 25% and 70% of the 

variations in body weight can be attributable to genetic factors (Stunkard et al., 1986; 

Bouchard et al., 1990; Bouchard and Perusse, 1993). In general, cross sectional studies 



have shown that physical activity is inversely related to body weight (Miller et al., 1990; 

French et al., 1994) and rate of weight gain with age. (Williams, 1997). An increase in 

physical activity can create an energy deficit and is an important component of weight loss 

treatments. It is difficult to achieve a significant weight loss through physical activity alone 

(Labib, 2003). 

There is abundant evidence from studies that physical inactivity is a contributory factor to 

the development of type 2 diabetes and that regular exercise improves insulin sensitivity 

(American Diabetes Association, 1997; Ruderman et al., 1998). We know that the 

population rates of diabetes are dependent on physical inactivity and adiposity, phenomena 

that can now be explained. Weight loss would be expected to offset the metabolic effects of 

the subtle mitochondrial defect. Similarly, physical exercise increases mitochondrial gene 

expression and oxidative capacity, possibly through increases in PGC-1 (PPARy coactivator 

1) levels. .(Petersen et al., 2003). 

The combination of weight reduction and exercise, as part of a comprehensive lifestyle 

modification program, can prevent the development of type 2diabetes in patients at high 

risk (Pan et al., 1997; Tuomilehto et al., 2001; Knowler et al., 2002)- Independent of weight 

loss, exercise increases insulin sensitivity, raises HDL levels, and lowers triglycerides. 

Exercise increases skeletal muscle lipoprotein lipase activity, which leads to lower 

triglyceride levels. When circulating triglycerides are reduced, there is reduced cholesterol 

ester transfer protein (CETP)-mediated exchange of lipid from triglyceride-rich particles to 

HDL particles. HDL particles with lower triglyceride content are less vulnerable to 

clearance, and therefore the HDL level increases. Exercise also leads to increased 

formation of HDL cholesteryl esters and decreased hepatic lipase activity, both of which 

contribute to increased HDL levels ((Gill and Hardman, 2003). When com bined with 

appropriate dietary recommendations to achieve weight loss (which typically means 

reducing total caloric intake in addition to implementing changes in food choices), exercise 



will have even greater benefits on glycemia, blood pressure, and lipids. (Swinburn and 

Egger, 2002). 

OTHERS: Factors like glucotoxicity, glycosylation of structural proteins and amino acids 

(McClain and Crook, 1996), drugs like glucocorticoids, beta blockers, thiazide diuretics, HIV 

protease inhibitors (Carr et al., 1998) infections (via tumor necrosis factor alpha) etc are 

also implicated in the causation of insulin resistance. 

CALCIUM AND DIABETES 
Disturbances in Ca2+ and phosphorus metabolism were observed in uncomplicated type 1 

diabetes and type 2diabetes patients (Pyorala et al., 2000). But the physiological hormone 

control involving PTH (Parathyroid hormone) and Calcitonin were found to be preserved. 

Advani et al., in 2004 reported that the mean values of serum Ca2+were identical in control 

as well as diabetic patients, whereas the PTH values were found to be lower in diabetic 

patients though not statistically significant. But Migdalis et al. had lower levels of Ca2+ vs. 

control and non-neuropathic and Mg2+ vs. control, despite similar PTH levels (Migdalis et 

al., 2000). These results are mutually contradictory. In their study Migdalis et al., (2000) 

found that 'Ca2+-Mg2+-ATPasel pump is an important regulator of intracellular calcium 

concentration. This diabetic neuropathy study group had found significantly lower levels of 

ATPase, compared to controls and to diabetic patients without neuropathy. They also had 

lower levels of Ca2+ and Mg2+ vs. control and non-neuropathic vs. control, despite similar 

PTH levels. There is a growing body of evidence that sensory neuropathy in diabetes is 

associated with abnormal calcium signaling in dorsal root ganglion (DRG) neurons. 

Abnormal calcium signaling in diabetes has pathologic significance as elevation of calcium 

influx and cytosolic calcium release has been implicated in other neurodegenerative 

conditions characterized by neuronal dysfunction and death. The calcium "set point" 

hypothesis (DeWaard et al., 1997) suggests that modest changes in cytosolic calcium 

([Ca2+Ii) over prolonged periods may be injurious to the cell. It was noted that neuronal 



resting intracellular Ca2+abnormalities increased progressively with the duration of diabetes 

(Pyorala et al., 2000). It was not only the function of neurons but, that of other organelles in 

the body like neutrophils that are also abnormal due to improper functioning of Ca2+ in 

T2DM. In type 2diabetes impaired neutrophil function leads to increased bacterial infection 

and cardiovascular disease. Intriguingly, increased intracellular Ca2+ is associated with 

platelet hyper function (Ishii et al., 1991) in diabetes. It was also found that altered Ca2+ 

transients of vascular smooth muscle cells to vasoconstrictors may contribute to altered 

regulation of blood flow in diabetes (Jorneskog et al., 1994; Ang et al., 2001). However, to 

the best of our knowledge surprisingly no study seems to have been undertaken to assess 

calcium levels in diabetics in India. 

OBJECTIVES OF THE STUDY 

It is now clear that, development of insulin resistance and T2DM is multi-factorial, and 

hence, it is quite possible that there will be variation in the incidence and intensity of this 

problem from region to region and there may be ethnic variations also. Depending on the 

presence of other risk factors and the degree of insulin resistance, the chances and rapidity 

of development of complications also increase in type 2diabetes. Hence it is worthwhile 

looking for the prevalence of such risk factors in each population, since the manipulation 

(medical or non medical) of which will help us reduce the morbidity and mortality associated 

with type 2diabetes. As there are no significant studies on this subject from the state of 

Kerala, where the incidence of type 2 diabetes and its complications like coronary artery 

disease are on the rise, this study is an attempt to draw some conclusion regarding the 

prevalence of hyper-insulinemial insulin resistance (which, both directly and indirectly, will 

accelerate the development of atherosclerotic vascular disease in diabetics) in this Malabar 

population. 

Though it is obvious from the above discussions that calcium metabolism is an important 

affair in diabetes, it doesn't seem to have caught the attention of many. And as a result, 



there are not much of serious studies on the subject from this part of the world. All the 

above information prompts us to look at the state of Calcium metabolism, primarily by 

assessing the serum level of this element, in the study population. Therefore the present 

study is an attempt to answer the following questions. 

1) What is the prevalence and implications of insulin resistance among the diabetics of 

Malabar population? 

2) What is the calcium status in this same population? 



MATERIALS AND METHODS 



The patients for this study were drawn from District Hospital, Manjeri that is a major 

secondary care center for the whole of Malappuram district under the Govt. sector, which in 

turn represents a cross section of Malabar. The patients are recruited from the diabetic out 

patient department at D H Manjeri. They are screened for the presence of diabetes by 

checking the fasting (126 mg %) and the post-prandial (200 mg%) blood sugar levels 

according to the American Diabetes Association's new criteria for the diagnosis of diabetes 

mellitus. Patients who were on insulin, other types of diabetes like Fibro-Calcific Pancreatic 

Diabetes (FCPD), TypelDM (Insulin Dependant Diabetes Mellitus), Secondary Diabetes, 

Drug induced Diabetes, Gestational Diabetes Mellitus (GDM), patients with fasting blood 

sugar >300mgldl etc, were excluded from the study. After a run-in period of 3 months and a 

further 2 months for screening for eligibility for inclusion in the study out of a total of 723 

patients, 103 were selected for the final study. These patients who were not treated with 

insulin are further screened for the presence of hyper-insulinemia by measuring the blood 

level of fasting insulin concentration using Radio lmmuno Assay kit for insulin-RIAK-l of 

Radio pharmaceuticals and labeled compounds board of radiation and isotope technology, 

BARC, Vashi complex, Navi, Mumbai. Samples for the fasting blood sugar, Lipids, Uric 

Acid, Calcium and fasting insulin levels were collected after at least 8 hours of overnight 

fasting. . Before enrolling the patients for this study a consent letter was signed by each 

patients after explaining the details of the study to them. The Ethics Committee of the 

institution approved this project. 

The Insulin resistance syndrome was diagnosed according to the NCEP ATP Ill definition. 

A participant was deemed to have the syndrome when three or more of the following 

criteria were satisfied: 1) waist circumference >l02 cm in men and 788 cm in women; 2) 

triglyceride level >l50mg%; 3) HDL cholesterol < 40mg% in men and 50mg% in women; 

4) blood pressure >l30185 mmHg or known treatment for hypertension; and 5) fasting 

glucose level of > I lOmg0/0 or a known diabetic (Chee- Eng Tan et al., 2004). Here as all 

our participants are already diagnosed diabetics only any two of the other 4 items need to 

be positive to diagnose the presence of the syndrome. 



The patients were examined for assessment of Height, Weight, Body Mass Index (BMI) and 

waist circumference, and Waist -Hip Ratio (WHR). The BM1 (according to the WHO criteria, 

~ 1 8 . 5  is underweight, 18.5-25 is healthy, 25-30 is overweight and above 30 is obesity. But 

the modified Asian Criteria defines it differently with 4 7 . 5  undenueight, 17.5-23 is healthy 

or acceptable risk, 23-27.5 is overweight or high risk ans >27.5 is very high risk.) (Hanefeld 

et al., 1999) was calculated after body weight in Kilograms and height in Meters (BM]= Wt. 

in Kg1 Ht. In M2) were measured with subjects in light clothing and without shoes. Waist 

circumference was measured with a soft tape on standing subjects midway between the 

lowest rib and the iliac crest. Hip circumference was measured over the widest part of the 

gluteal region and the waist to hip ratio (WHR, according to the WHO criteria, for males 

normal was 1 and for females c 0.9 and according to the modified Asian criteria normal 

for males is 0.90 and for females it was c 0.85 (Rose and Blackburn, 1968; KO et al., 

1999; Lear et al., 2002; Lin et al., 2002; Li et al., 2002) was calculated as a measure of fat 

distribution (central obesity) whereas BM1 was considered a measure of over all adiposity. 

Two blood pressure readings were obtained from the right arm of the patients in a sitting 

position after 30 minutes of rest at 5 minutes intervals and their mean value was calculated. 

Hypertension was defined as systolic blood pressure >l30 mmHg or diastolic blood 

pressure >85 mmHg or current use of anti-hypertensive medication. 

Patients were also asked about the history of other diseases (Particularly hypertension, 

coronary artery heart disease (CHD), Myocardial infarction (MI), stroke, pancreatitis, 

tuberculosis and jaundice.), smoking habit (classified as Non-Smokers, Ex-Smokers, and 

Present Smokers), alcohol consumption (present or absent, and if present whether 

socialloccasional drinkers or regular drinkers), family history of diabetes in first degree 

relatives (like parents, siblings) and coronary artery heart disease. CHD was defined as 

using nitroglycerine; experiencing typical chest pain or having a history of previous MI. The 

information was validated against ECG changes (Minnesota codes 1 .l -3,4.1-4,5.1-3) 

compatible with ischemic heart disease (Epstein et al., 1965; Tunstall-Pedol et al., 1994). 



Studies had shown that insulin resistance can be measured as either fasting 

hyperinsulinism or as the insulin response to oral glucose or to the hyperglycemic clamp. 

(Lillioja et al., 1993; Haffner et al., 1990; Haffner et al., 1996; Groop et al., 1996). So we 

decided to apply the definition adopted in a Finnish study to obtain an estimate of insulin 

resistance, that insulin resistance can be defined as fasting plasma insulin > l 3  pU1 ml 

which is a useful method for calculating Insulin Resistance in clinical studies like ours 

(Vanhala et al., 1997). Another study (Kirsten et al., 2001), also had reported that a fasting 

insulin levels close to that reported by the Finnish group (>12. 2 pUI) was a remarkably 

specific test for insulin resistance (especially in normoglycemic individuals). There are other 

reports also suggesting that it is appropriate to use fasting insulin concentrations for the 

determination of insulin resistance (Tara et al., 2004). 

Detailed history was taken and a thorough clinical examination was done in all cases 

according to the proforma prepared for the purpose as shown in the appendix. 

Sugar estimation 

METHODS 

Enzymatic GOD-POD, end point calorimetry single reagent chemistry method 

Principle: Glucose is oxidized by glucose oxidase to gluconic acid and hydrogen peroxide. 

In a subsequent peroxidase catalysed reaction, the oxygen liberated is accepted by the 

chromogen system to give a red coloured quinoneimine compound. The red colour so 

developed is measured at 505 nm and is directly proportional to glucose concentration. 



Reagents: 

Reagent1 : 

(store at 24°C) 

I 

1 temperature) 1 B01 162 1 2 X 500 m1 

l i 

Glucose reagent 

801 121 

B01 161 

B01 171 

1 X 450 ml 

Reagent 2 

(100 mgldl) 

B01 123 

B01 163 

9 X 50 ml 

l 0 X  100 ml 

4 X 500 ml 

Glucose diluent 

(room 1 B01122 

4 X 500 ml 
I / B01 172 

l 1 (400 mgl dl) l 

Reagent 3 

Reagent 4 

1 Glucose oxidase, 1 

Glucose standard 

Glucose standard 

/ Peroxidase, 
4- l I aminoantipyrine, I 

1 buffers, l 
stabilizers. 

Diluent, 

I Phenol, 1 
Preservative. 

I Dextrose, I 
benzoic acid. 

benzoic acid. 

Working reagent preparation: 

For 9 X 50 ml pack size and 10 X 100 m1 pack size. 

To prepare working glucose reagent, the contents of one vial of reagent 1, glucose reagent 

was quantitatively transferred to a clean black coloured plastic bottle provided in the kit. 

The contents of each bottle with reagent 2, glucose diluent (50 ml for 9 X 50 m1 pack size 

and 100 ml for 10 X 100 m1 pack size) was reconstituted. It was then mixed completely to 

dissolve and stored in 2 - 8°C. 



Specimen collection: Venous blood was collected (after fasting for at least 8 hours for 

fasting plasma sugar estimation and two hours after a standard breakfast for post prandial 

plasma sugar estimation) using a standard disposable 2 ml syringe and needle. The 

plasma was separated within 30 min of collection of sample in EDTA. 

Equipment: Autospan semi auto analyzer was used for reading the measurements 

between 490 - 550 nm filters. 

Procedure: 

Calculation: glucose (mgldl) = absorbance of test X l 00  

Absorbance of standard 

Insulin estimation: 

Principle: the radio immuno assay is based upon the competition of unlabelled insulin in 

the standard or samples and radio iodinated (1-125) insulin for the limited binding sites on a 

specific antibody. At the end of incubation, the antibody bound and free insulin are 

separated by the second antibody - polyethylene glycol (PEG) aided separation method. 

Insulin concentration of samples is quantitated by measuring the radio-activity associated 

with the bound fraction of sample and standards. 

i 

Pipetted into tubes 

marked 

Test Blank 

10 p1 

-- 

1000 pl 

Standard 

Mixed well and incubated at 37 "C for 10 min or at room temperature for 30 min. 

Mixed well and read absorbance at 490 - 550 nm against reagent blank. 

-- 

10 p1 

1000 p1 

1 Serum or plasma -- 
Glucose standard 

Working glucose 

reagent 

-- 

1000 p1 



Materials: 

Double distilled water. 

Micropipette (0.1 ml) with disposable polypropylene tips. 

Biopipette, adjustable to deliver 0.1 ml to 1 ml with disposable polypropylene tips. 

2 ands 10 ml glass pipettes and other glass wares. 

Pro pipette. 

Polystyrene or polypropylene disposable test tubes 12 X 75 mm 

Test tube racks. 

Vortex mixer. 

Centrifuge capable of holding 100 tubes and capable of attaining a speed of 1500 Xg 

Well type Gamma scintillation counter. 

Aluminium foil. 

RIAK-1 kit is stable until the expiry date when stored at 2 - 10 "C. 

Assay buffer and polyethylene glycol (PEG) are stable up to one month at 4 "C. 

All other reagents, once reconstituted, are stable up to one week at 4 "C. 

Specimen collection: 5 ml of blood was collected (after 8 hours of fasting) in a glass vial or 

tube. The blood was allowed to clot at room temperature. The clot was rimmed, 

centrifuged and the serum was collected. The sample was stored at 2 - 8 "C for assay on 

the same day or at -20 "C if the storage is expected to exceed 24 hr. Prior to assay, the 

sample was allowed to come to room temperature and mixed gently. The samples were 

aliquoted if necessary to avoid refreezing. Haemolysed, lipemic or turbid samples were not 

analyzed. 



Kit reagent and constitution: 

No. I Kit reagent 

1 

lnsulin 

antiserum 

(guinea pig) 

125 1 insulin 

2 

lnsulin free 

serum 

Insulin 

standard 

antibody (anti 

guinea pig 

Ig G) 

Assay buffer . 
Colour 

8 

Red 

White 

Insulin 

controls A & B 

Green 

Blue 

Number of 

vials I Reconstitution 

I of one vial 

I assay buffer. 

2 Add 6 ml 

I assay buffer. 

1 Add 5 ml 

1 

Ready to use 

Add 10 ml of 

assay buffer. 

1 

1 

solution. 

Add 2 ml of 

double 

distilled water. 

Add 10 ml of 

assay buffer. 

solution. 

Add 0.5 ml of 

double t 
I distilled water. 



The insulin concentration in the reconstituted standard is 200 pUlml. This is standard A. 

Five more standard dilutions were prepared as follows. 

Assay flow chart: 

Insulin 

standards 

Standard A 

B 

1.0 

Tube 

No. 

1 ,2  

C 

0.5 

i 

Assay 

buffer 

(ml) 

-- 

1.5 

50 

Assay buffer 

I 
Concentration 

(pUlml) 

D 

0.5 

1.0 

100 

Insulin 

std. 

(ml) 

-- 

3.5 

25 

E 

0.5 

Serum 

Sample 

(ml) 

-- 

F 

0.3 

7.5 

12.5 

7.7 

I 
1 7.5 l 

lnsulin 

free 

serum 

(ml) 
-- 

Secondary 

antibody 

(ml) 

-- 

PEG I 
(ml) 1 

-- 

lnsulin 

anti 

serum 

-- 

1-125 

insulin 

(ml) 

0.1 



After adding insulin antiserum, all the tubes were mixed gently and incubated at 2 -4 "C 

overnight. 

After adding 1-125 insulin, all the tubes were mixed gently and incubated for 3 hours at 

room temperature. 

After adding PEG, all the tubes were vortexed and kept at room temperature for 20 min. 

The tubes were centrifuged at 1500 g for 20 min. and then decanted and counted 

radioactivity in the precipitate. Standard curve was plotted after Calculation and the patient 

sample value was determined. 

Calculations: 

Counter background from all the counts were subtracted to get actual counts. 

All the duplicates were averaged. 

Average count of tubes 1 and 2 is called total count. 

Average count of tubes 3 and 4 are called blank count. Percentage blank was Calculated. 

Percentage blank = blank count X 100 

Total count 

Blank count was subtracted from the average of all the remaining duplicates to get the 

corrected average count. 

Zero standard binding or B0 was calculated as follows. 

% B0 = corrected averaqe count of tubes 5 and 6 X l 00  

total count 

% binding (%BIT) and %BIB0 of all standards and samples were calculated. 

% (BIT) corrected average count of standard or sample X 100 

Total count 

% BIB0 = corrected averaqe count of standard or sample X 100 

corrected average count of tubes 5 and 6 



The standard curve was plotted. 

% BIB0 (or % BIT) against pUlml of insulin on linear graph paper. 

% BIB0 on the logit and pUlml of insulin on logarithmic scale of logit-log graph sheet. 

9) The sample value was read from the standard curve obtained above as pUlml of insulin 

directly. 

Cholesterol estimation: 

Method: enzymatic (Cholesterol Oxidase- peroxidase), End point calorimetry. Single 

reagent chemistry, with lipid clearing factor (LCF). 

Principle: The estimation of cholesterol involves the following enzymatic reactions. 

Cholesterol ester-- cholesterol + fatty acids 

Cholesterol + 02 c-C -. Cholesten - 3- one + H202 

H202 + phenol + 4- AAP PP- b Quinoneimine dye + H20 

The absorbance of quinoneimine measured at 505 nm is proportional to the cholesterol 

concentration in the specimen. 



Reagent composition: 

Reagent 1 cholesterol mono reagent 

Reagent 2 cholesterol standard (200 mgldl) 

LG0511 

LG0521 

LG0531 

The mono reagent is ready for use. All reagents are stored at 2 - 8 "C protected from light. 

After use, the reagent bottles were closed immediately. Contamination of the opened 

reagents was avoided. The reagents are stable at 2 -8 "C until the expiry date. 

2 X 20 ml 

2 X 50 ml 
I 

5 X l O m l  

LG05 1 2 

LG0522 

LG0532 

Specimen collection: venous blood was collected (after 12 hours of fasting) using a 

standard disposable 5 ml syringe and needle. 

Equipment: Autospan semi auto analyzer was used for calorimetric measurements. 

Goods buffer pH 

6.7) 

Cholesterol 

oxidase 

Cholesterol 

esterase 

Peroxidase 

4 amino antipyrine 

stabilizers 

1 X 2.5 ml 

1 X 25 ml 

2 X 2.0 ml 

50 mMollL 1 
! 

> 50 UIL 
I 

> 100 UIL 

> 3 KUlL 

0.4 mMollL 

Cholesterol 

Preservative 

Stabilizer. 



Procedure: 

Pipetted into tubes 1 Blank 

marked I 
Standard 

I Serum l -- l -- I 10 PI l 

reagent 

This was mixed well and incubated at 37 "C for 10 min. The absorbance of standard and 

Standard 

Cholesterol 

sample was measured against reagent blank at 505 nm within 60 min. 

Calculations: 

Cholesterol concentration (mgldl) absorbance of test X 200 

Absorbance of standard 

Cholesterol concentration (mMollL) concentration (mgldl) X 0.0259 

LDL cholesterol total cholesterol - triglycerides - HDL cholesterol 

5 

Estimation of triglycerides: 

Methods: enzymatic (GPOlTrinder) end point calorimetry, single reagent chemistry with 

liquid clearing factor (LCF). 

Principle: Estimations of triglycerides involves the following enzymatic reactions 

Triglycerides + lipoprotein lipase-, glycerol + free fatty acid 

Glycerol + ATP glycerol kinase - glycerol-3-phosphate + ADP 

glycerol-3-phosphate + O2 0 Dihydroxy acetone phosphate 

+ H202 

2 H202 + 4-aminoantipyrine -pewdam duinoneimine dye + 4 H20 

absorbance of the quinoneimine dye measure at 505 nm is directly proportional to 

triglyceride concentration. 

1 ml 

10 PI 

1 m1 

-- 

l ml 



Reagent composition: 

Reagent 1 Triglyceride monoreagent 

I 

Reagent 2 triglyceride standard (200 mg 

Pipes buffer 

4-chlorophenol 

Mg ion 

ATP 

Lipase 

Peroxidase 

Glycerol kinase 

4-amino antipyrine 

glycerol 3-oxidase 

detergents, 

preservatives and 

stabilizer 

5 mMollL 

5 mMollL 

mMollL 

> 5000 UIL 

> 1000 UIL 

> 400 UIL 

0.4 mMollL 

> 4000 UIL 

Working reagent preparation: The monoreagent is ready for use. 

The reagents were stored at 2 - 8 "C. The reagents were closed immediately after use. 

Care was taken to avoid contamination of the opened reagents. The reagents were stable 

until the expiry date. 

Specimen: Fasting blood was collected as in the case of cholesterol estimation method. 

Equipment: Autospan semi auto analyzer was used for calorimetric measurements. 



Procedure 

This was then mixed well and incubated for 10 min at 37 "C. Absorbance of standard and 

sample was measured against reagent blank within 60 minutes at 505 nm. 

Pipetted into tubes 

marked 

Serum 

' Standard 

Triglycerides 

reagent 

Calculation: 

Triglyceride (mgldl) Absorbance of test X 200 

Absorbance of standard 

Triglyceride (mMolll) concentration in mgl dl X 0.01 14 

HDL Cholesterol Estimation: 

Method: Polyethylene glycol-CHOD-PAP. End point colorimetry. Two reagent chemistry 

with lipid clearing factor. 

Blank 

-- 
i 

-- 

1 ml 

Principle: Low and Very Low Density Lipoproteins (VLDL) are precipitated by a solution 

containing PEG 6000, leaving behind the HDL (High Density Lipoproteins) in solution. HDL 

Cholesterol is estimated in the supernatant by a series of enzymatic reactions which are 

initiated by the oxidation of cholesterol to cholestenone by cholesterol oxidase, 

accompanied by the formation of hydrogen peroxide to form red coloured quinoneimine. 

Absorbance at 505 nm is directly proportional to HDL Cholesterol concentration. 

Standard 

-- 

10 p l  

1 ml 

Test 

10 /AI 

m- 

1 ml 



Reagent Composition: 

Reagent 3: Precipitated Reagent 

Reagent 4 : HDL Cholesterol Standard 50mgldl 

LG05 13 

LG0523 

LG0533 

Working reagent preparation: The reagent 3 and reagent 4 were ready for use as supplied. 

1 X5ml 

1 XI  Oml 

1 X25ml 

LG05 14 

LG0524 

LG0534 

Reagent stability and storage: The reagents were stable at 2-8OC till the expiry date. 

PEG 6000 

Stabilizer 

Preservative 

Specimen: Fasting venous blood was collected as in the case of Cholesterol and 

1Xlml 

1Xlml 

1 X2ml 

Triglyceride estimation methods. 

Equipment: Auto span semi auto analyzer was used for calorimetric measurements. 

Cholesterol 

Stabilizer 

Preservative 

Procedure: 

Step-A: HDL Cholesterol Separation 

I Pipetted into centrifuge tube I Quantity 
I 

Sample I 0.2ml 
I 

Precipitating reagent I 0.2ml 

Then mixed well and kept at room temp. for 10 minutes and then centrifuged at 2000rpm. 

for 15 minutes to obtain a clear supernatant. Proceeded to step B. 

Step-B Colour Development 

Test 

1 OOpl 

Standard 

m- 

Pipetted into tubes 

marked 

Supernatant from 

Blank 

-- 



Again mixed well and incubated at 37°C for 10 minutes, or at room temperature for 30 

minutes. Absorbance was read against reagent blank at 505nm within 60 minutes. 

Calculation: 

HDL cholesterol (mgldl) Absorbance of test X 50 X 2 

Absorbance of standard 

-- 

l OOOpl 

Step A 

HDL 

Chol.Standard 

Cholesterol 

Reagent 

Uric acid estimation: 

Method: enzymatic (UricaselTrinder), end point calorimetry. 

Principle: the estimation of uric acid involves the following reactions. 

Uric acid + H20 + 0 2 u r i c  Allantoin + CO2 + H202 

2,4,6-tribromo-3-hydroxybenzoic acid + 4-Amino antipyrine + H202 perOxldaSe, 

quinoneimine + H20 

Absorbance of the coloured dye is measured at 520 nm and the colour is directly 

proportional to uric acid concentration. 

Reagent composition: 

Reagent 1 Uric acid monoreagent 

-- 

1000 p1 

1 OOpl 

1 OOOpl 

LG1131 

LG1141 

Tris buffer (pH 

8.25) 

TBHB 

4AAP 

peroxidase 

2 X 1 0 m l  

2 X 25 ml 

50 mMollL 

1.75 mMollL 

0.5 mMollL 

> 500 UIL 



Reagent 2 uric acid standard (6 mgldl) 

> 120 UIL l l 

Working reagent preparation: 

The monoreagent was ready for use. The reagents were stored at 2 - 8 "C protected from 

light. The reagent bottles were closed immediately after use and contamination was 

avoided. The reagents were stable until the expiry date. 

uricase 

Specimen collection: 

Venous blood was collected using standard disposable syringe and needle. Serum or 

plasma, free from haemolysis was used. 

Equipment: Auto span semi auto analyzer was used for calorimetric measurements. 

Procedure: 

The reagents were brought to room temperature. 

Uric acid 

Preservative 

Stabilizer. 

LG1132 

LGI 142 

1 X 2.5 ml 

1 X2.5 ml 

And then mixed well and incubated for 5 min at 37 O C  and absorbance of standard and 

sample was measured against reagent blank within 15 min at 520 nm. 

Test 

20 pl 

-- 

1 ml 

Standard 

-m 

20 pl 

1 ml 

Pipetted into tubes 

marked 

Serum 

Standard 

Working reagent 

Blank 

m- 

-- 

l ml 



Calculation: 

Uric acid (mgldl) absorbance of test X 6 

Absorbance of standard 

Uric acid (pMollL) = concentration in mgldl X 59.5 

CALCIUM: 

Method: O.C.P.C. (orthocresolphthalein complexone) end point ~alorimetry~single reagent 

chemistry. 

Principle: 

At alkaline pH, Calcium binds with orthocresolphthalein complexone (0.C.P.C) to form a 

bluish purple complex. The intensity of the colour so formed is proportional to calcium 

concentration and is measured at 578nm. Interference from Mg2+ is overcome by the 

presence of 8-hydroxyquinoline in Reagent 1, which binds free Mg2+ ions. 

Reagents: 

Working reagent preparation: 

Just prior to use, the Reagent 1, OCPC Reagent and Reagent 2 and AMP buffer are mixed 

in equal volumes and it was labeled as 'Working Calcium Reagent'. A fresh working 

reagent was prepared each time it was required. The working reagent was discarded if the 

absorbance of the reagent blank was exceeding 0.500 units against Purified water. 

Reagent 3, Calcium Standard was ready for use as supplied. 

Reagent l 

Reagent 2 

Reagent 3 

OCPC Reagent 

B 08111 

AMP Buffer 

B 081 12 

Calcium 

Standard1 Omlldl 

B 081 13 

1 X50ml 

1x50 ml 

1x3 ml 

OCPC, HCL, 8- l 
Hydroxyquinoline,Preservative 

AMP buffer, pH10.4, 

Preservative 

Calcium Carbonate, HCL 



Reagent storage and Stability: Unopened reagents were stable at 2-8 OC until expiry date 

printed on the label. 

Specimen: Unhaemolyzed serum was used for the analyzis. No anticoagulants were added 

which will chelate calcium. Serum was separated without delay after collection of the 

sample. Tourniquet was not used during blood sample collection as venostasis may affect 

the calcium concentration. Purified water was used for dilutions. The results obtained were 

multiplied with appropriate dilution factor. 

Equipment: Autospan semi-autoanalizer was used for the analyzis. 

Programme: Method sheet for the specific analyzer was available. The basic assay 

parameters were 

Procedure: 

Mode 

Wavelength 

Temperature 

Optical path length 

Blanking 

l ncu bation time 

Sample volume 

Working reagent volume 

Maximum absorbance limit 

Linearity 

Stability of colour 

Unit 

End point 

578 nm (540-580 nm) I 

370C or R.T.(15-25%) 

I cm 

Reagent Blank 

5 minutes 

20vL 

1000 vL 

2.0 

2-15 mgldL 

2 hours 

MgldL 

Test 

20 pL 

I 

Standard 

- 

20 vL 

Pipetted into the 

tubes marked 

Serum, Plasma, 

Urine 

Blank 

- 



Statistics and data analysis: Analysis of the data was done with the help of the softwares 

called 'Origin' and 'SPSS' (Statistical Package for Social Sciences). 

Calcium Standard 

Working Calcium 

reagent 

Then it was mixed well and incubated at 37% for 5 minutes. 

The analyzer was blanked with the Reagent Blank. 

Standard was aspirated followed by tests 

Calculation: 

Serum, plasma Calcium (mg/dL)= Absorbance of test X 10 

Absorbance of Standard 

Reference Range:-8.5 - 10.5 mgldL 

l .OmL l .OmL 1.0 mL 































DISCUSSION 



AGE 
The mean age of prevalence of diabetes mellitus in our study is 49.83 years. This is almost 

10yrs less than most of the western studies with Caucasian population. It was reported that 

apart from the increasing prevalence rates in the Asian-Pacific region, the ages at which 

the disease develops are becoming younger. In developed countries with predominantly 

Caucasian populations, most people with diabetes are older than 65 years. In developing 

countries, however, the majority is between the ages of 45 and 64 years (Cockram and 

Chan, 1999). The peak prevalence of diabetes differs between different ethnic groups. 

Studies vary in their observation regarding the prevalence of diabetes among lndian 

subjects. Some had reported their highest prevalence at 60-69 years of age. A younger 

age at onset of the disease has also been reported in Asian lndian subjects 

(Ramachandran et al., 1997; Raachandran et al., 2001; The Decoda study group, 2003; 

Ramachandran et al., 2003). Our results are also in accordance with this observation. In 

the Singapore National Health survey, the age- and sex-specific prevalence, especially the 

peak prevalence of diabetes, was higher in cohorts of lndia and Singapore than in most of 

the Chinese and Japanese cohorts. The prevalence of diabetes increased with age and 

peaked at 70-89 years of age in Chinese and Japanese subjects but peaked at 60-69 

years of age followed by a decline at the 70 years of age in Indian subjects. In our group 

the peaking occurred between the ages of 41 and 50 yrs. 39.1 7% of our diabetics belonged 

to this category. Then it gradually declined, with 28.33% falling in the 51 to 60 age group 

and 15.83 % in the >60 yrs age group. In Chinese and Japanese subjects, the prevalence 

was (10% at 30-49 years of age; the peak prevalence was 20% in most of the cohorts, 

and none of the cohorts had a prevalence exceeding 30%. In contrast, in lndia and 

Singapore, the prevalence was 4 0 %  among those aged 4 0 4 9  years and over 30% 

among those aged 50-69 years for most of the cohorts (The Decoda Study group, 2003). 

Our results almost parallel the latter. 

We had 6.66% of our diabetic population in the 20-30 yr., and 10% were in the 31-40 

group. The early peaking and an earlier age at onset of diabetes indicate the stronger 



influence of Westernization and more prevalence of insulin resistance among our 

population. Our results are also in accordance with the DECODA study results, which 

showed that the 10-year age-specific prevalence of diabetes at 30-79 years of age, was 

higher in Indians (The Decoda Study group, 2003). There are other studies also in which 

Asian Indian subjects have been identified as the ethnic group with one of the highest 

prevalences of diabetes (Ramachandran et al., 1992; King and Rewers, 1993). As per our 

results, the distribution of diabetes in both sexes was almost equal. 

Vijay et al., (2002), and Hanefield et al., (2003) in their respective studies on type 2 diabetic 

population, reported a mean age of diabetes as 61yr. In the IRAS substudy Haffner et al 

reported 57yr (2003), and Festa et al., 56yr (2003) reported slightly lower mean age of 

prevalence. This is almost 7 - 10 years lower than our results, which indicates that type 2 

diabetes mellitus is prevalent in a much younger population in lndia as confirmed by other 

studies (Ramachandran et al., 2003; The DECODA study group, 2003). The DECODA 

study group reported the age at which the peak prevalence of diabetes as -10 years 

younger in Indian compared with Chinese and Japanese subjects. The same study 

reported that the mean ages from other parts of lndia like Chennai is 44 years in 1994, 47 

years in 1997 and 46 in the year 2000. Among Singapore-Indians it has been reported in 

2000 that the mean age of prevalence was 43 years. In 1998 - 99 in lndia the age 

reported was 48 years. All the above population belonged to urban areas. Rural 

population in China had a prevalence of diabetes at a mean age of 54 years in 1998, 

whereas rural population from Japan had a mean age of 59 years (The DECODA study 

group, 2003). This shows that our study population belonging to a suburban area has a 

prevalence of type 2diabetes at a mean age between the rural and urban incidences, but 

more towards the urban side. 

A German study by Andreas et al., (2004) reported a mean age of 60 yr for their diabetic 

study population. But an Italian study by Bonora and associates (Bonora et al., 2002), 

reported the mean age of incidence of type 2 diabetes as 64 yr. Our study confirms the 



report that the Indian population has a prevalence of diabetes at a much younger age 

(Ramachandran et al., 2003). It is possible that the earlier onset of diabetes with a high 

prevalence and a high incidence of myocardial infarction resulted in a greater premature 

mortality in diabetic individuals, and that this contributed to the decline in the prevalence of 

diabetes after 70 years of age in Indian subjects. 

BM1 

Asian population is known to be at increased risk for diabetes and hypertension at lower 

BM1 ranges than non-Asian groups (Jonathan, 2005). Asian lndians are also found to be 

more insulin resistant for a given BM1 than Caucasians. (McKeigue, 1991; Banerji et al., 

1999) The most important risk factor for type 2diabetes was the body mass index in this 

population (Frank et al., 2001). Consequently, the WHO has suggested lower cutoff points 

for consideration of therapeutic intervention in Asians: a BM1 of 17.5 to 23 represents 

acceptable risk, 23 to 27.5 represents increased risk, and 27.5 or higher represents high 

risk DeFronzo and Ferrannini, 1991). The absolute BM1 cutoffs for overweight and obesity 

remain unchanged for Asians (Jonathan, 2005). 

Western studies show the mean BM1 of diabetic population to be above 30, whereas our 

results show that the mean BM1 of our type 2 diabetics was 23.96 confirming the reports by 

Ramachandran et al., (2001) and Dudeja et al., (2001), who have reported that Asian 

lndians have a leaner BM1 than many other races and it is predictive of the incidence of 

type 2 diabetes especially in Asian Indians. They also reported that BM1 is strongly 

associated with diabetes as in other population, suggesting the increase in body weight, 

although within the ideal levels of BMI, confers a high risk in this population Ruderman et 

al., (1998), Aso et al., (2001). Frank et al., (2001) and Steven et al., (2005) reported that 

Asian population might be more insulin resistant for a given BM1 than Caucasians. 

Study by Frank et al., (2001) showed that one of the most important risk factors for type 

2diabetes was BMI. They also reported that even a BM1 at the high end of the normal 



range was associated with a substantially higher risk than BM1 of less than normal. Though 

in developed countries the mean BM1 is reported to be above 30 as seen in US and UK, the 

average BM1 of European community was 28.8, which is slightly lower (Bonora et al., 2002; 

Hanefeld et al., 2003). 

The percentage of diabetics with a BM1 of less than 17.5 was around 4.35% in our study. 

An average of 40.86 % percentage belonged to the healthy category (BM1 17.5 to 23) 

according to the modified Asian criteria. 50% of males were in this healthy group, whereas 

only 31 -57% of females fell in this category. But with regard to the obese category, females 

constituted nearly 3 times (10.34% male vls 28.08% female) the male diabetics. 44.82% of 

males and 64.92% of females belonged to the overweight (BM1 above 23) category. This is 

in accordance with the findings of other groups (Labib, 2003; Michelle et al., 2005) that 

obesity and overweight is more prevalent in females than males. 

More males have BM1 within the normal range as per either criterion. In other words, males 

are more insulin resistant for any given BM1 compared to females. The results also show 

that the modified Asian Criteria is able to detect more insulin resistant subjects from our 

population, compared to the WHO criteria, which otherwise could have been considered as 

healthy. Altogether, the lower mean BM1 of the diabetic population indicates that the 

prevalence of insulin resistance for lower BM1 range is much higher in this community 

because BM1 is strongly related to insulin resistance. 

WAIST CIRCUMFERENCE 

The best and easiest way to estimate obesity in clinical practice is to measure waist 

circumference. This is because an excess of abdominal fat is most tightly associated with 

the metabolic risk factors for development of Type 2 diabetes (Scott, 2004). The mean 

waist circumference in our study was 83.48 cm. This is much less than the reports from 

IRAS study from US in 2002 and by Haffner et al., (2003), which is 95.5 and 102.5 cm. 

respectively. Males had a mean value of 84.34 cm and females had 85.52 cm, the 



difference did not have any statistical significance. This indicates that for a given waist 

circumference and WHR, females have more BM1 than males (It should be noted that the 

difference in the BM1 values between both sexes were statistically significant (p=0.03435)). 

Waist circumference in some of the studies was shown to be the strongest single predictor 

of coronary artery disease (Muredach et al., 2004) and insulin sensitivity (Ulf et al., 2004) 

meaning that central adiposity exacerbates insulin resistance and its consequences (Harris 

et al., 1998; Frayn, 2001). Though other studies are there, which did not find significant 

difference in the predictability of IRS by WHR, waist girth or BM1 (Ferrannini, 1997). 

In a study by Hughes et al., (1997) and in the Singapore National Health Survey (1999), the 

prevalence of diabetes mellitus was highest in lndians when compared to Chinese or 

Malays for the lowest waist circumference cut off. Studies from Singapore by Deurenberg 

et al., (2002) and other reviews of Asians by Wang et al., (1994); Gurrici et al., (1998); 

Durenberg et al., (2002) had shown that a waist circumference cut off of 90 cms for males 

and 80cm for females be used as the 'Modified Asian Criteria' (Chee-Eng et al., 2004). In 

certain populations, such as those of Asian descent, abdominal (central) obesity is 

recognized to be a better predictor of comorbidity than BM1 (Fujimoto et al., 1995). 

Findings of our study confirm the above suggestion that Asian lndians have increased risk 

for diabetes and coronary artery disease even at a lower waist circumference. It could also 

be presumed from the present study that the local population studied from North Kerala 

may have a higher risk of developing diabetes even at a lower waist circumference than 

suggested by the Modified Asian Criteria. This also indicates the stronger presence of 

insulin resistance components in this population. 

WHR: 

It was found that, in Asian Indians, the risk conferred by increasing waist-hip ratio was 

significantly higher than that conferred by BM1 (Fujimoto et al., 1995; Ramachandran et al., 

2001), because insulin resistance is a characteristic feature of Asian lndians despite low 



BM1 (Snehalatha and Ramachandran, 1999). They also have more central adiposity and 

high percentage body fat in comparison with many other populations. In certain 

populations, such as those of Asian descent, abdominal (central) obesity is recognized to 

be a better predictor of comorbidity than BM1 (Fujimoto eta l., 1995). Several important 

prospective studies have suggested that an elevated WHR may be an important obesity 

related cardiovascular risk factor (Lapidus et al., 1984; Larsson et al., 1984; Welin et al., 

1987; Folsom et al., 1990; Terry et al., 1992; Walker et al., 1996). 

The western standard for the upper cut off of WHR for males is 1, and for females it is 0.9. 

The same is modified, as mentioned in the case for BM1 and Waist circumference, for Asian 

lndians to a lower level of 0.9 for males and 0.85 for females. We observed a mean WHR 

of 0.98 for our male population and 0.95 for females, giving a total average mean of 0.97, 

which is considerably higher than the modified values for Asian lndians as suggested in 

Singapore National health survey and confirmed by WHO. 84.21 % of males and 91.07% of 

females from our study had WHR above the upper limit of normal value. But the waist 

circumference seen in our study group was lower than that suggested as the upper limit for 

Asian lndians according to the same criteria. This indicates that there is significant 

difference in the distibution of body fat preferentially over the upper torso, even for a leaner 

body structure of our population, suggesting that there is high prevalence of Insulin 

Resistance syndrome among the type 2 diabetic population of the locality studied (North 

Kerala). This also suggests that for the study population WHR may be a better measure of 

Insulin resistance than waist circumference alone. 

DURATION: 

Regarding the duration of diabetes, males had a mean duration of 7.69 yrs and females 

had their mean duration of 4.91yrs, the difference being statistically significant (p=0.01127). 

The total mean duration of diabetes was 6.35 yrs, which was lower than some of the other 

studies reporting the mean duration of diabetes of 6.5yrs from Germany (Hanefeld et al., 

2004), 9.1 yr from Italy (Bonora et al., 2002), and 14 yr from Sweden (McMahon et al., 



2005). This points to an earlier mortality and an average lesser survival of our diabetic 

population. This could be either due to the inferior treatment facilities or poor awareness 

among the patients regarding the nature and seriousness of the life threatening 

complications of diabetes. This needs to be addressed urgently to decrease the morbidity 

and mortality caused by this dreaded disease among our patients. 

Along with the lower mean duration of diabetes observed among females, the more 

proportion of females in the less than 5 yrs of duration category (58% females vls 

44.64%males) and the less percentage of diabetics in the > l0  yrs category (26.78% males 

vls 7.55% females) points to an ominous fact that the incidence of diabetes is increasing in 

females compared to males and that they face the worst out come of diabetes at an earlier 

age compared to their male counterpart. Along with this, the higher prevalence of CAD 

among females from our group, and the higher mean systolic blood pressure indicates that 

there could be some gender discrimination in the management of diabetes affecting the 

survival of the female gender suffering from diabetes adversely. Detailed study to find out 

the real cause for this difference is warranted. 

HYPERTENSION: 

Although it is well established that essential hypertension is frequently associated with IR 

and type 2 diabetes, the impact of this abnormality on blood pressure homeostasis is still a 

matter of debate. Fasting plasma insulin is found to be higher in hypertensives and the rate 

of glucose disposal is decreased during euglycemic clamp. The association between 

hypertension and IR is more convincing in obese subjects. Modest amount of weight loss 

causes significant BP reduction and reduction in fasting plasma insulin levels. Insulin 

mediated total body glucose disposal is lower and plasma insulin levels are higher in young 

normal weight hypertensives (McFarlane et al., 2001). Multiple potential mechanisms by 

which IR causes hypertension (DeFronzo and Ferrannini, 1991) include resistance to 

insulin-mediated vasodilatation, impaired endothelial function, sympathetic nervous system 

over activity, sodium retention, increased vascular sensitivity to the vasoconstrictor effect of 



presser amines, and enhanced growth factor activity leading to proliferation of smooth 

muscle walls. Hypertension in type 1 diabetes is correlated with the development of 

nephropathy. But a large fraction of hypertensive patients still have normoalbuminuria at 

the time of diagnosis of T2DM (Hypertension in Diabetes Study, 1993). The prevalence of 

hypertension in patients with T2DM and normoalbuminuria is very high (71%) and 

increases even further, to 90% in the presence of microalbuminuria (Tarnow et al., 1994). 

The CO-existence of hypertension and diabetes mellitus substantially increases the risk of 

macro vascular complications, including stroke, CAD, CCF and PVD, and is responsible for 

excessive cardiovascular mortality (Epstein and Sowers, 1992; Grossman and Messerli, 

1996). Hypertension is also found to accelerate the development of diabetic retinopathy 

(Teuscher et al., 1998). 

69.1% of our study population had hypertension. 67.21% of male and 71.19% of female 

diabetics were afflicted with it. This is almost similar to other studies, which reported 71% 

(Tarnow et al., 1994) and 50-67% reported by Haffner et al., (2003). Mean systolic BP in 

the present study was 154.23mmHg1 and mean diastolic value was 90.92 mm Hg. The ADA 

recommends a target blood pressure of < 130185 mmHg, and the Seventh Report of the 

Joint National Commission on Prevention, Detection, Evaluation and Treatment of High 

Blood Pressure (JNC 7) recommendations of 130180 (Chobanian et al., 2003) are all 

based on extrapolation of data from clinical trials, which have shown to reduce the risk of 

CV events and death. Studies to date have not identified a clear threshold for blood 

pressure reduction in high-risk patients as they have for LDL reduction. The hypertension 

arm of the UKPDS found that lowering BP to an average of 144182 mm Hg reduced the risk 

of stroke by 44% compared to 154182 mm Hg. In the UKPDS the blood pressure in the 

intensively treated group is clearly higher than the ADA and JNC 7 recommendations. The 

difference in the mean systolic BP in our study between males (147.49mmHg) and females 

(162.13mmHg) were statistically significant (p= 0.01044). The difference in the diastolic BP 

was not statistically significant between the sexes. One of the reasons may be the 

difference in BM1 between the sexes, as obesity is related to hypertension (24.80 for 



females vls 23.13 for males, p = 0.03435). The finding also indicates that the diabetic 

population in this region, females in particular have poor BP control. The UKPDS (UK 

Prospective Diabetes Study Group, 1998), as well as HOT (Hypertension Optimal 

Treatment) study (Hansson et al., 1998) found that blood pressure control, particularly the 

diastolic component reduced the development of CAD more than glycemic control did, 

suggesting that we need to control the blood pressure to still lower levels in order to 

prevent the vascular complications of diabetes. The higher values in our study population is 

significant, perhaps, owing to the fact that the study population included even those who 

were on treatment for hypertension. The poor awareness of the patients regarding diabetes 

and its related complications like hypertension and a more conservative attitude of the 

treating physicians in managing hypertension associated with diabetes may both contribute 

to this effect. Both needsimmediate intervention in view of the serious complications that 

hypertension cause in diabetics. 

BLOOD SUGAR CONTROL: 

The mean blood sugar values are found to be high in our study group. Mean fasting blood 

sugar value was 156.73 mg% and the mean post-prandial blood sugar was 232,95mg%. 

This is quite high, indicating an imperfect control of blood sugar in the diabetic population. 

42.1% of the males and 63% of the females had fasting blood sugar values between 

141mg% and 200mg %. 51.72% of males and 54.54% females had PPBS between 

201mg% and 300mg%. Some of the other studies show a lesser levels of blood sugar in 

their diabetic study population. Most of them had fasting blood sugar values between 130 

and 140mg %(Christian et al., 2000; Vijay et al., 2002; Sangeeta et al., 2005; Marjan et al., 

2005; Thomas et al., 2005; Neslihan et al., 2005). These data indicate that majority of our 

diabetic population are very loosely controlled. Studies show that there is a causal link 

between elevated blood glucose levels and the development of atherosclerosis, suggesting 

that therapeutic interventions to improve glycemic control may reduce the risk of CVD, 

Studies have also shown that post prandial hyperglycemia is a risk factor for 

atherosclerosis and CVD (Haffner, 1998). This is caused by direct endothelial damage 



(Swinburn and Egger, 2002), through similar mechanisms as with insulin resistance and 

central obesity, like increased oxidative stress, reduced nitric oxide synthesis and 

bioavailability (Ceriello et al., 2002; Ceriello et al., 2004; Ceriello, 2005). In addition, 

hyperglycemia may cause LDL glycosylation and oxidation, activate coagulation pathways, 

increase circulating levels of adhesion molecules involved in early atherogenesis, and 

increase levels of some of the inflammatory markers (Ceriello, 2005). Several large 

epidemiologic studies have shown that postprandial hyperglycemia is associated with 

increased incidence of cardiovascular disease (Donahue et al., 1987; Hanefeld et al., 1996; 

Barrett-Connor and Ferrara, 1998; Hanefeld et al., 1999; DECODE Study Group, 1999; 

Tominaga et al., 1999; Ceriello et al., 2004). 

The STOP-NIDDM study demonstrated that acarbose, an oral antidiabetic agent that 

delays carbohydrate absorption and targets only postprandial glycemia, reduced 

cardiovascular events by 49%, reduced the new diagnosis of hypertension by 34%, and 

delayed progression of atherosclerosis among patients with IGT (Chiasson et al., 2003). In 

the German Diabetes Intervention Study comprising of 1000 patients with newly diagnosed 

type 2diabetes, lowering postprandial hyperglycemia had a greater effect on cardiovascular 

mortality than did lowering fasting glucose among patients with type 2 diabetes (Ceriello, 

2005). Patients treated with repaglinide also had a significantly greater reduction in CRP 

supporting the theory that postprandial hyperglycemia contributes to chronic inflammation 

and increased cardiovascular risk (Hanefeld et al., 2004). The results of many of these 

studies suggest that dysglycemia is a continuous risk factor for CVD. Thus in the Honolulu 

heart study (Donahue et al., 1987) the risk of CHD was found to increase continuously with 

increase in one hour plasma glucose levels. Similarly in the Rancho Bernardo study 

(Wingard et al., 1993) involving 3458 subjects with fasting plasma glucose levels less that 

7.8 mMll and no history of diabetes, age adjusted ischemic heart disease mortality rates 

were found to increase by approximately two fold in men as their fasting glucose level 

increased from 5-7 mMolll (Haffner, 1998). The Winsconsin Epidemiological Study of 

Diabetic Retinopathy (WESDR) reported a significant association between glycosylated 



haemoglobin levels and mortality from ischaemic heart disease. This relation was stronger 

in younger onset diabetic subjects (i.e., type 1) rather than in older -onset diabetic subjects 

(i.e., type2 diabetic subjects). A 1 % rise in glycosylated haemoglobin cardiovascular 

mortality in younger-onset diabetic subjects was associated with a 20% rise in ischaemic 

heart disease mortality in type2 diabetic subjects (Klein, 1995). So, there is growing 

epidemiological evidence for the association of postprandial hyperglycemia and macro 

vascular complications in diabetic individuals (Hanefeld et al., 1996; Barrett-Connor and 

Ferrara, 1998; Kawamori, 1998; Temelkova-Kurktschiev et al., 2000; The DECODE Study 

Group, 2001). 

Though, targeting associated risk factors is much more likely to be cardio protective than 

controlling the glucose level alone, good glycemic control is warranted to reduce the risks 

of nephropathy, retinopathy, and neuropathy (Caren, 2003). The importance of tighter 

glycemic control is underscored by the recent American Diabetes Association decision to 

change the definition of impaired fasting glucose by lowering the glucose threshold to 100 

mgldl from 110 mgldl (Genuth et al., 2003). 

In the light of the above observations, we can confidently conclude that if this is the level of 

control our diabetic patients have, we are going to head for an enormous increase in the 

incidence of macro vascular complications like CAD, stroke and peripheral vascular 

disease in the near future which will not only affect the productivity and the quality of life of 

the individuals, but also thrust a big financial burden on their family and the government. 

This will adversely influence the projected economic growth of the nation. 

The reasons for the poor control of diabetes in this study group are multifactorial. As in the 

case of hypertension, here also, lack of patient awareness and more conservative attitude 

of treating physicians towards diabetes management may be a few among them. Both 

require urgent attention, otherwise we are going to face a grave future with not only a lot of 



cardiovascular morbidity and mortality but also other micro vascular complications like 

retinopathy, nephropathy, and neuropathy (Caren 2003) among our diabetics. 

CORONARY ARTERY DISEASE (CAD): 

The risk factors for cardiovascular disease in diabetes are divided into traditional and non- 

traditional groups. Among the traditional group, the important ones are hypertension, 

dyslipidaemia, family history of premature cardiovascular disease and cigarette smoking. 

The non-traditional risk factors are insulin resistance, endothelial function, impaired 

fibrinolysis, inflammation, microalbuminuria, hyper-homocysteinaemia, postprandial 

abnormalities and vascular wall abnormalities. These components of insulin resistance 

syndrome are present for several years before the onset of type 2 diabetes and that the 

"clock for coronary artery heart disease starts ticking before the onset of clinical diabetes" 

(Haffner et al., 1990). 

In recent years, several cross sectional studies documented an independent association 

between insulin resistance and sub clinical or clinical CVD in both non-diabetic (Laakso et 

al., 1991; Howard et al., 1996) and diabetic subjects (Inchiostro et al., 1994; Bonora et al., 

1997). The more insulin resistant an individual, the more likely they are to develop diabetes 

and cardiovascular disease (Lillioja et al., 1993; Ginsberg, 2000; Reaven, 2002). There is 

evidence to suggest that insulin resistance, in addition to promoting physical obstructive 

atheromatous coronary disease, may lead to myocardial ischaemia via the process of 

endothelial dysfunction. Based on these observations, it is possible that amelioration of 

insulin resistance, whether by established or novel mechanisms, may at least in part 

restore normal endothelial function and potentially prevent the development of coronary 

artery disease (Jadhav, et al., 2004). So, development of standardized insulin assays or 

alternative biomarkers of insulin resistance may facilitate CVD risk prediction in Metabolic 

Syndrome and Type 2 Diabetes (Richard et al., 2004). And interventions to reduce this risk 

would therefore be of considerable value both medically and economically (Haffner, 1998). 



Our results showed a mean prevalence of CAD of 25%. In this, males showed lesser (20% 

males vs. 3l%females) prevalence. The overall prevalence of CAD appears to be on the 

lower side, given the observation that already 20-30 % of patients at the time of their first 

diagnosis of diabetes are in a progressed stage of type 2 diabetes, with micro-and macro- 

vascular complications (Haffner et al., 2000). This was independent of the duration of 

diabetes in some studies (Herman et al., 1977; Jarrett, 1984; Jarrett and Shipley, 1988). It 

has to be noted that, diabetes alone confers a greater than 20% risk of a major 

cardiovascular event over the next 10 years because diabetes is a cardiovascular risk 

equivalent (NCEP ATP 111, 2001). In the presence of other risk factors like hypertension, 

dyslipidemia and hyperinsulinemia, the effects of diabetes and insulin resistance 

undoubtedly increase cardiovascular risk above 20%. The lesser incidence reported in the 

present study, which used only ECG criteria to diagnose CAD, indicates that, ECG alone 

may under-diagnose the prevalence of this major killer. 

Macro vascular disease (atherosclerosis) accounts for 70% of the mortality in type 2 

diabetes, making heart attacks and strokes two to four times more frequent in these 

patients when compared with controls (Wilson and Kanne, 1992; Stamler et al., 1993; 

Wingard and Barrett-Connor, 1995; Kannel and McGee, 1979). Thus, type 2 diabetic 

patients without a history of coronary artery disease (CAD) carries the same risk of having 

a heart attack as a non-diabetic with a previous history of a heart attack (Haffner et al., 

1998). Cardiovascular disease develops earlier in the presence of diabetes and occurs as 

often in diabetic women as in diabetic men. All these suggest that diabetic patients need 

more detailed assessment using diagnostic tools like TMT, angiography, etc., to rule out 

CAD. Otherwise they may end up in developing progressive disease and may suffer higher 

mortality from undetected CAD. 



FASTING INSULIN LEVEL: 

Fasting hyperinsulinemia is a widely used surrogate measure of insulin resistance and 

predicts type 2 diabetes in a population (Christian et al., 2000). It is known that 

hyperinsulinemia precedes type II diabetes and that it is associated with an adverse 

cardiovascular risk profile (Ruige at al., 1998). Epidemiological studies utilize 

hyperinsulinemia to define insulin resistance (Fonseca et al., 2004). Studies use either 

fasting plasma insulin alone or formulae based on plasma insulin and glucose (such as the 

homeostasis model assessment, commonly known as HOMA). In most studies (Efendic et 

al., 1984; Sicree et al., 1987; Saad et al., 1989; Lundgren et al., 1990; Bergstrom et al., 

1990; Charles et al., 1991; Chen et al., 1991; Saad et al., 1991; Skarfors et al., 1991; 

Haffner et al., 1995; Kahn et al., 1996; Erriksson and Lindgarde, 1996) insulin resistance 

was inferred from high fasting plasma insulin or C-peptide concentrations, which were 

consistently found to predict diabetes. The finding that specific insulin was an independent 

predictor of CHD, in several studies suggests that insulin per se, at high levels, is a CHD 

risk factor in type 2diabetes, especially in the setting of insulin resistance (Ferrara et al., 

1994). In multivariate analysis, immune-reactive insulin was more strongly related to CHD 

risk than was specific insulin, suggesting that it is the combination of insulin, proinsulin, and 

insulin antibodies that is related to CHD risk. It is suggested that, given the high rate of 

CHD in those with markedly elevated insulin levels, it may be worthwhile to measure insulin 

levels in diabetics especially those on insulin therapy (Richard et al., 2004). In fact, insulin 

has vasodilatory and anti-inflammatory properties, which should protect against 

atherosclerosis. Several mechanistic hypotheses have been proposed to explain this 

controversy (McFarlane et al., 2001; Feener and King, 1997). First, insulin is a growth 

factor that stimulates vascular cell growth and synthesis of matrix proteins. Second, the 

insulin signaling pathway thought to be responsible for abnormalities in glucose metabolism 

is also involved in NO (Nitric Oxide) production. Thus, the abnormal intracellular signaling 

that causes hyperglycemia may also be responsible for vascular disease due to loss of 

insulin's antiatherogenic properties, whereas hyperinsulinemia continues to stimulate 

growth-promoting enzymes such as MAPK (Feener and King, 1997). Several longitudinal 



studies of initially nondiabetic individuals have also found fasting hyperinsulinemia to be 

predictive of future cardiovascular events (Pyorala et al., 2000). It is therefore possible, 

given well-described relations between sub clinical inflammation and the development of 

atherosclerosis that CRP elevation and coincident systemic inflammation in 

hyperinsulinemia might at least partially account for the previously reported associations 

between elevated insulin levels and cardiovascular risk. 

Kinetic studies show that insulin clearance is inversely related to the percentage of body fat 

and directly related to muscle mass (Yki-Jarvenin et al., 1985). Given the diminished 

muscle mass associated with aging, it is possible that elevated insulin levels in elderly are 

due in part to diminished clearance. Marked hyperinsulinemia is a common characteristic of 

several ethnic groups with a high prevalence of diabetes, and insulin resistance such as 

Native Americans (Lillioja et al., 1991; Lillioja et al., 1993), Mexican Americans (Gulli et al., 

1992; Haffner et al., 1995), and Pacific Islanders (Sicree et al., 1987). Fasting plasma 

insulinemia is increased with increasing insulin resistance and vice versa (Christian et al., 

2000). 

In our study 86.33%, (120 of the total 139) patients had hyperinsulinemia. Equating 

hyperinsulinemia with insulin resistance as done in many other studies, gives us an 

estimate of insulin resistance among our T2DM patients, meaning that 86.33% of the total 

diabetics studied have insulin resistance. Some other studies had reported similar values. 

Steven et al., (2005) reported that 92.9 % of their diabetic subjects were insulin resistant. In 

the Bruneck study (Bonora et al., 1998), the prevalence of insulin resistance (defined as the 

top quintile of the HOMAIR) was 84% in subjects with Type 2 diabetes. In another study by 

Bo lsomaa and Peter (2001) the corresponding figures using the same criteria was 88% in 

type 2 diabetes patients. So our values of insulin resistance using fasting plasma insulin 

levels is tallying well with the values reported by others using other criteria. This shows that 

the application of simple measures like fasting plasma insulin is equally useful for 

assessing insulin resistance in type 2 diabetic patients as well. As per one of the studies, 



the prevalence of metabolic syndrome as per NCEP ATP Ill criteria in diabetic subjects with 

less insulin sensitivity (more insulin resistance) was 85.2% compared to diabetics with more 

insulin sensitivity (less insulin resistant) that had a prevalence of 70.8% (Haffner et al., 

2003). Average of the values was 78.05%. Our observation of the prevalence of insulin 

resistance syndrome using NCEP ATP Ill criteria among the total patients studied was 

74.1 %, whereas the prevalence among those with hyper-insulinemia was 79.15%, which is 

very similar to their results. The observation of higher mean plasma insulin levels among 

our type 2diabetics with similar prevalence of insulin resistance syndrome indicates that the 

study population is more insulin resistant for any given criteria for diagnosis of the 

syndrome, and that fasting plasma insulin is a sensitive single parameter for the diagnosis 

of the syndrome among our diabetics. This is again confirmed by the observation that, the 

cohort with insulin values less than 13 pUIMI. had very low prevalence (38.1%) of insulin 

resistance syndrome diagnosed using NCEP ATP Ill criteria. This also points to the 

possibility that, this group may actually include diabetes without insulin resistance like type 

Idiabetes, LADA (Latent Auto-immune Diabetes of Adults) and MODY (Maturity Onset 

Diabetes of the Young). So measuring fasting Insulin will help us differentiate between true 

type 2diabetes and others, which actually have a lot of implications for the treatment of the 

cases. Fasting insulin and the NCEP ATP Ill criteria together should strengthen the ability 

of exclusion of other types from true T2DM. 

In the present study, the mean fasting plasma insulin levels in males was 92.1 1 ~ U l m l  and 

in females, it was 72.29 pUlml. But there was no statistical significance for this difference. 

The finding that the male diabetics have higher mean values of fasting insulin again 

confirms our inference based on other parameters like BMI, WHR etc. that our males have 

more insulin resistance than their female counterparts. The mean values of fasting insulin 

from our study was higher than some of the other studies [48pUlml (Neslihan et al., 2005) 

36pUlml (Christian et al., 2000), 27.5 pUlml (Graham et al., 2005), 87 pUlml (Richard et al., 

2004) 43 @Jlml (Christian et al., 2000), 48.3 pUlml (Neslihan et al., 2005) and 16 pUlml 

(Jadhav et al., 2004)l- all from USA, and 13pUlml, and 17pUlml from UK (Jayagopal et al., 



2002; Advani et al., 2004)) 19.5vUlml from Italy (Bonora et al., 2002), 19.4~Ulml, from 

western diabetic population. We could not find any reports of fasting insulin levels from 

Native Indian population. Out of this only one study from the US (Richard et al., 2004), 

which was a study on the insulin treated group of type 2 diabetics, had a similar value as 

ours. Rest of the others reported significantly lower values. This confirms the finding that 

Asian Indians require higher levels of plasma insulin to maintain normoglycemia 

(Snehalatha and Ramachandran, 1999). So also it reaffirms the inference that we have 

insulin resistance or hyper-insulinemia (as measured by fasting plasma insulin levels), 

double that of the US diabetic population and 3 to 4 times that of the European diabetics. 

This shows that our diabetic population is at a higher risk for the development of 

cardiovascular sequel of their diabetes, as CAD in diabetics is directly related to the degree 

and the prevalence of the components of insulin resistance syndrome and as insulin per se, 

at high levels, is a CHD risk factor in type 2diabetes) especially in the setting of insulin 

resistance (Ferrara et al., 1994). This is a very important finding in the view of already 

increasing incidence of diabetes and coronary artery heart disease in India. The lack of 

data from other parts of the country points to the need for further studies on the level of 

fasting insulin and type 2 diabetes from India. Thus in the light of more reports we will be 

able to tackle the impending crisis due to the increasing incidence of CAD which we are 

going to face in the near future. 

In one of the early studies (The Helsinki Policemen Study, 1985) to demonstrate that 

elevated fasting immune-reactive insulin levels are of prognostic importance for incident 

CHD in insulin-treated individuals, high immune-reactive insulin levels remained strongly 

predictive of CHD (Pyorala, 1979; The Helsinki Policemen Study, 1985). Another study 

reported a relationship between the dose of exogenous insulin and CHD event rate (Janke 

et al., 1987). Other studies have also reported strong relation between fasting 

hyperinsulinemia and CAD (Lapidus et al., 1984; Terry et al., 1992; Kenny et al., 1995; 

Stern, 1995; Despres et al., 1996; WHO Definition, 1999; Pyorala, 2000; Dandona and 

Aljada, 2002; Dandona et al., 2003; Richard et al., 2004). Fasting insulin is also associated 



with stroke (Kuusisto et al., 1994; Burchfiel et al., 1998; Kuusisto et al., 1994; Pyorala et al., 

1998; Burchfiel et al., 1998). 

In the British Regional Heart Study (Perry et al., 1996), a specific insulin level greater than 

35 ~ U l m l  (>210 pmoll liter) was associated with increased CHD risk. 76% of our study 

group had fasting insulin levels greater than 35 ~ U l m l .  In another study (Richard et al., 

2004), an increased risk was present for a level greater than 45 ~ U l m l  (>270 pmollliter). 

57.25% of our study population comprises of those with fasting insulin >45 ~ U l m l .  These 

reports, underscore the need for a more serious approach towards investigating our 

diabetic population, which should include measurement of fasting insulin levels also. As 

suggested by some authors, given the high rate of CHD in those with markedly elevated 

insulin levels it may be worthwhile to measure insulin levels in diabetics (Richard et al., 

2004). So we propose to make the assessment of fasting plasma insulin level an integral 

component of the routine investigation of any type 2 diabetic of our region. 

The availability of drugs like glitazones and metformin, which are useful in reducing insulin 

resistance in diabetics, will let us face the future with confidence, provided we know who is 

insulin resistant and who is not. As vast majority of our diabetics are found to be insulin 

resistant, the blanket usage of those drugs in all T2DM patients to reduce insulin resistance 

and the attendant cardiovascular mortality and morbidity, will be useful. 

DIABETIC DYSLIPIDEMIA: 

One of the characteristic relationships between IR and a cardiovascular risk factor reported 

is the "diabetic dyslipidemia" (Sniderman etal., 2001) which is constituted by increased 

TGL(Triglycerides), decreased HDL(High Density Lipoprotein), and more atherogenic small 

dense LDL(Low Density Lipoprotein) cholesterol, though the plasma LDL cholesterol 

concentration is not different from insulin sensitive subjects(Reaven et al 1993). Insulin 

resistant individuals also have elevated levels of lipoprotein a (LPa) (Wang et al., 2002). 



Apart from this, increased FFA also induces insulin resistance (Boden et al., 2001), which 

is again an atherogenic situation. 

Mean values of different lipid components in the present study were, total cholesterol- 

201 mg%, triglycerides-151 mg%, HDL cholesterol- 50.6mg%, LDL cholesterol-121.7mg% 

and the VLDL- 29.23mg%. Some of the other studies had also reported similar values. 

Kronmal et al. in 2004 from the USA (Kronmal et al., 2004) reported total cholesterol of 

216mg%, HDL cholesterol of 49mg%, and LDL cholesterol of 134 mg%, which were all 

almost similar to our observations. 

The TGL value was significantly higher in the western studies, compared to ours. Some of 

the studies which reported higher values of TGL are Sangeetha et al., (2005) from the USA 

(206mg%), McMahon et al., (2005) from the USA and Nystrom et al., from Sweden, (2005) 

reported mean values of 242 mg% and 221 mg% respectively. But Alssema et al., (2005) 

from Netherlands and Bonora et al., from Italy (2002) reported higher values, though 

slightly closer to ours (179mg% and 167mg% respectively). But, from the USA, Gungor and 

associates (2005), and from Finland, Pyorala et al., (2000) reported very close mean 

values of 144mg% and 150 mg% respectively. The evidence for a relationship between 

plasma triglyceride levels and the risk of CAD is largely based on epidemiologic studies. A 

meta-analysis of 17 population- based prospective studies Hokanson and Austin (1996) 

found that for each l-mmolll increase in plasma triglyceride there is a 32% increase in 

coronary disease risk for men and a 76% increase in risk for women. There is considerable 

amount of data to show that postprandial triglyceride levels are consistent risk factors for 

atherosclerosis (Sharrett et al., 1995; Ginsberg et al., 1995). Direct atherogenic effects of 

triglyceride- rich particles, especially IDL and remnant lipoproteins, may account for this 

independent contribution of plasma triglyceride levels to coronary disease risk (Krauss 

1998). 61.4% of males and 49.12% of females from the present study had TGL within the 

normal range of less than 150mg%; showing that only nearly 50% of our diabetics (more 



females than males) are predisposed to the atherosclerotic vascular disease risk due to 

high TGL, unlike the western population. 

The average baseline LDL level among participants of one study was 117 mgldL, 

(Swinburn and Egger, 2002). LDL cholesterol and HDL cholesterol values reported by 

others were also similar to our observations, suggesting that the lipid abnormalities 

detected in our diabetic population is almost similar to the European countries and the 

United States except for TGL. 57.89% of males and 54.39% of females had total 

cholesterol in the normal range (<200mg %). When nearly 213rd of the males had normal 

values of HDL for that sex (>40mg %), only half of the females had it above the normal 

value for their sex (>50mg %). The mean value of HDL cholesterol for male was 47.96mg% 

and for the female it was 53.35mg%. Only in the case of HDL values there was a 

statistically significant difference between the sexes. The causes of lower HDL cholesterol 

in T2DM is that the adipose tissue insulin resistance in diabetes causes increased hormone 

sensitive lipase activity which leads to more free fatty acid (FFA) release from the fat 

depots. Increased FFA supply to liver causes increased synthesis of TGL and subsequently 

increased secretion of VLDL. Exchange of TGL for cholesterol esters from HDL causes 

conformational changes of HDL, and reduced plasma levels of HDL, which causes an 

accelerated atherogenic state. It is well documented that reduced HDL cholesterol levels 

are associated with an increased risk of coronary heart disease (CHD) (Gordon et al., 

1989). It appeared that HDL2 particles contributed to the cardio protective effects of high 

HDL cholesterol levels more than HDL3 particles (Lamarche et al., 1997). A number of 

functions of HDL particles may contribute to direct cardio protective effects, including 

promotion of cellular cholesterol efflux and direct antioxidative and anti-inflammatory 

properties. Moreover, low HDL cholesterol levels are often accompanied by elevated 

triglyceride levels (Lamarche et al., 1996)) and the combination has been strongly 

associated with an increased risk of CHD (Assmann and Schulte 1992; Jeppesen et al., 

1997; Manninen et al., 1992). 



Nearly 314th of our males and 415th of the females had abnormal values of LDL cholesterol. 

LDL cholesterol is strongly associated with CAD. Diabetic dyslipidemia includes the 

presence of more atherogenic small dense LDL particles, which can permeate the arterial 

wall faster and can bind more avidly to proteoglycans than larger LDL particles. In addition, 

LDL size and density are also inversely related to plasma HDL levels, especially HDL 

subclass 2(Krauss et al., 1988). The small dense LDL seen in T2DM have prolonged 

plasma residence time due to their reduced affinity to their receptors (Berneis and Krauss, 

2002) Increased atherogenic potential of small dense LDL appears to be related to a 

number of physicochemical and metabolic properties of these particles, including reduced 

LDL receptor affinity (Galeano et al., 1994; Campos et al., 1996), greater propensity for 

transport into the sub endothelial space (Bjornheden et al., 1996), increased binding to 

arterial wall proteoglycans ref 89(48), and susceptibility to oxidative modifications (de Graaf 

et al., 1991; Tribble et al., 1992; Chait et al., 1993). 

This observation indicates that we need to concentrate more on the control of LDL 

cholesterol than any other lipid component for the prevention of cardiovascular morbidity 

and mortality from diabetes. This also shows that the pattern of lipid abnormalities in our 

diabetic patients may be a little different from the other regions in that, others have shown 

that elevated TGL and lower HDL cholesterol is the common abnormality reported from 

other geographical areas. It is also to be noted that some authors have suggested that the 

present threshold for elevated serum TGL and HDL cholesterol values as suggested by the 

ATP Ill criteria may be unsuitable for certain races and regions, and may even more 

profoundly under diagnose insulin resistance in them (Miller et al., 1998; Havel 1998; 

Kirsten et al. 2001). We suggest that the same could be applicable to Indians as well, 

considering the high prevalence of CAD and the near-so called-normal values of most of 

the components of the lipids according to the existing criteria, in majority of the study 

population. We should try to conduct large-scale epidemiological studies to re-set the 

upper limit of various lipid components applicable for our population. 



CALCIUM AND DIABETES: 

Disturbances in Ca2+ and phosphorus metabolism were observed in uncomplicated type 1 

diabetes and type 2diabetes patients (Pyorala et al., 2000). But the physiological hormone 

control involving PTH (Parathyroid hormone) and calcitonin were found to be preserved. 

Advani et al., in 2004 reported that the mean values of serum Ca2+ were identical in control 

as well as diabetic patients, whereas the PTH values were found to be lower in diabetic 

patients though not statistically significant. But Migdalis et al. had lower levels of Ca2+ vs. 

control and non-neuropathic and Mg2+ vs. control, despite similar PTH levels (Migdalis et 

al., 2000). These results are mutually contradictory and we found that our diabetic patients 

had a lower mean serum Ca2+ levels (8.06mg%). Mean values were lower in males (7.94 

mg% vs 8.26mg% for females). Lower calcium levels in males were observed among non- 

hyperinsulinemic group as well. This indicates that hypocalcemia is a sequel of insulin 

resistance, because males had more insulin resistance in the study population, both by the 

anthropometric criteria as well as the biochemical parameters of fasting insulin levels. It is 

possible that the altered Ca2+ metabolism and its serum levels may be indicative of a 

severer degree of insulin resistance in our diabetics as it was shown that the Calcium and 

Mg2+ abnormalities were related to the degree of insulin resistance (Wolf et al., 1988; Gold 

et al., 1990). We also found that this lower level of Ca2+ levels correlated well with the 

neuropathic symptoms and signs. In their study Migdalis et al., (2000) found that 'Ca2+- 

Mg2+-ATPasel pump is an important regulator of intracellular calcium concentration. This 

diabetic neuropathy study group had found significantly lower levels of ATPase, compared 

to controls and to diabetic patients without neuropathy. The study group had also lower 

levels of Ca*+ and Mg2+ vs. control and non-neuropathic vs. control, despite similar PTH 

levels. 

There is a growing body of evidence that sensory neuropathy in diabetes is associated with 

abnormal calcium signaling in dorsal root ganglion (DRG) neurons. Abnormal calcium 

signaling in diabetes has pathologic significance as elevation of calcium influx and cytosolic 

calcium release has been implicated in other neurodegenerative conditions characterized 



by neuronal dysfunction and death, Impaired regulation of calcium channels by G proteins 

is an important mechanism contributing to an enhanced calcium influx in diabetes. Various 

pathological lesions observed in animal and human models of diabetes includes segmental 

demyelination; atrophy; loss of myelinated and unmyelinated fibers; Wallerian 

degeneration; segmental and paranodal demyelination; and blunted nerve fiber 

regeneration (Bean 1989; Doupnik and Ryk 1994). Elevation of calcium currents observed 

in peripheral and spinal sensory neurons in rodent models of diabetes results in increased 

cytosolic calcium release from internal stores and impaired calcium re-sequestration 

(Biessels and Gispen 1996; Cens et al., 1998). The latter causing prolonged cytosolic 

calcium elevation has been implicated in the pathogenesis of neuronal injury in a variety of 

neuro-degenerative disorders. The calcium "set point" hypothesis (DeWaard et al., 1997) 

suggests that modest changes in cytosolic calcium ([Ca2+]i) over prolonged periods may be 

injurious to the cell. It was noted that neuronal resting intracellular Ca2+ abnormalities 

increased progressively with the duration of diabetes (Pyorala et al., 2000). This is also in 

accordance with our results correlating the duration of diabetes with the degree of 

hypocalcaemia. Diabetic neurons release more Ca2+ from cytosolic pools and demonstrate 

impaired ability to resequester Ca2+, compared to non-diabetic controls. Similar 

abnormalities have been observed in neurons in normal animals subjected to 

hyperglycemia, suggesting that impaired Ca2+ regulation is an early and potentially 

reversible metabolic derangement in diabetes (Karen Hall 2004). Some of the studies had 

reported that exposure to diabetic serum was associated with elevated Ca2+ influx and 

programmed apoptotic cell death (Karen Hall et al., 1995). 

It was not only the function of neurons but, that of other organelles in the body like 

neutrophils that are also abnormal due to improper functioning of Ca2+ in T2DM. In type 

2diabetes impaired neutrophil function leads to increased bacterial infection and 

cardiovascular disease. Many neutrophil functions depend on Ca2+ signaling, which 

involves release of Ca2+ from intracellular stores and subsequently translocation of stores 

via the cytoskeleton to the plasma membrane, causing store mediated Ca2+ entry (SMCE) 



into the cell. Abnormal Ca2+ signaling is likely to be important in the pathogenesis of 

diabetic complications. There is evidence that intracellular Ca2+ levels are increased in most 

tissues in diabetes (Levy et al., 1994). In type 2 diabetes normalization of hyperglycemia is 

associated with the lowering of intra cellular Ca2+ to non-diabetic levels and a related 

improvement in neutrophil function (Alexiewicz et al., 1995). Neutrophils do not express 

voltage operated Ca2'channels and principal second messengers for Ca2+ influx across the 

plasma membrane appears to be Ca2+ release from intra cellular stores and inositol 1,4,5 tri 

phosphate and inositol 1,3,4,5 tetrakisphosphate. In response to stimulation, Ca2+ influx 

across the plasma membrane would be impaired in neutrophils from patients with type 2 

diabetes. In T2DM the impaired intracellular Ca2+ signal results from a defect in influx of 

extra cellular Ca2+ across the plasma membrane and is likely owing to an abnormal store 

mediated Ca2+ entry, which is a cytoskeleton- dependent process. 

Intriguingly, increased intracellular Ca2+ is associated with platelet hyper function (Ishii et 

al., 1991) in diabetes where as the defects in neutrophil behavior is one of impaired 

function. Altered Ca2+ transients of vascular smooth muscle cells to vasoconstrictors may 

contribute to altered regulation of blood flow in diabetes. There are major disturbances of 

vascular function in patients with early type 1 diabetes (Jorneskog et al., 1994; Ang et al., 

2001) that may contribute to the pathogenesis of the late complications. There appears to 

be a generalized impaired response of macro vessels to the presser effect of 

vasoconstrictors during the early stage of experimental diabetes. In vitro studies using 

aortic vascular smooth muscle cells cultured in high glucose suggest that impaired 

vasoconstrictor-induced calcium response may contribute to this effect (Williams and 

Schrier 1993; Williams et al., 1992). 

The cause of hypocalcaemia detected in the present study, need further evaluation. It could 

either be due to intracellular deficiency of Mg2+ (Junji et al., 2004) or probably due to the 

abnormal functioning of one of the least attended counter-regulatory hormones called PTH 

(parathormone) secondary to insulin resistance. This aspect needs more focused research 



to look at the cause for hypocalcaemia in type 2 diabetics. It was reported that unlike in the 

case of Mg2+, Ca2+ and P does not show increased renal wasting in Diabetes. 

Dietary deficiency alone is unlikely reason for low Ca2+ levels, which will usually be 

compensated through mobilization from bone. The deficiency or abnormal functioning of 

Calcium and related minerals can lead to various neurological and musculoskeletal 

symptoms which can affect the normal life of the patients and can be easily and effectively 

treated with ordinary calcium supplements in combination with Vit.D3 (and magnesium) 

available in the market. 

Now it is evident that in the management of diabetes, we have to look beyond blood sugar 

and lipid levels alone. It may be important to assess serum calcium and other relevant 

micro and macro nutrient levels and to correct any deficiency by supplementation. Serum 

Ca2+ levels will give us an indirect estimate of intracellular Mg2+ also. Information on all 

these aspects is necessary to completely understand and manage diabetes. 



SUMMARY AND CONCLUSION 



1. Diabetes, in this study population shows a younger age of onset and 

increasing premature mortality as evident from the early peaking and lesser 

prevalence of the disease towards the 7 t h  decade. This indicates that the 

Indian population is increasingly becoming diabetic prone and is affected by 

its complications including higher mortality, compared to the other 

populations. This may be as a result of the increasing adoption of unhealthy 

life styles like sedentary habits, lack of exercise, high caloric intake and the 

increasing tensions of daily life, all of which are positively associated with the 

development of diabetes. This also showed a stronger genetic predisposition 

of this population for the development of diabetes. 

2. The concept of healthy body weight and healthy BM1 as prescribed by the 

international bodies like WHO is becoming irrelevant to the Indian population 

as evidenced by the higher percentage of 'healthier BMI' group, especially 

males among the diabetics studied. This suggests that even the 'Modified 

Asian Criteria' is to be further modified to suit our situations, for which we 

need to conduct more exclusive epidemiological as well as etiological studies. 

3. The present study also suggests that WHR is better than BM1 to diagnose 

insulin resistance in our diabetic population because the prevalence of higher 

WHR closely matches to that of hyper-insulinemia in our patients, whereas the 

prevalence of unhealthy BM1 does not. So it is suggested that instead of 

measuring the BMI, it should be made a routine practice to record the WHR 

for all type 2diabetics in India, as an indirect measure of the degree of insulin 

resistance. 

4. The lower mean duration of diabetes observed by us points to an average 

lesser survival, either due to the more intense nature of its complication in this 

population, or due to inferior treatment facilities and poor awareness, both 

among the patient as well as the doctors treating them regarding the real 

serious nature of its life threatening complications. This needs urgent 



correction by means of provision of better treatment facilities, and educating 

the patients as well as doctors. 

5. The lower mean duration of diabetes observed among females compared to 

males, and the more proportion of females in the less than 5 years duration 

category and the lesser prevalence among the more than 10 years category 

points to an ominous fact that the incidence of diabetes is increasing in 

females and that they also face the worst out come at an earlier age 

compared to their male counterpart. Along with the above finding, the higher 

prevalence of CAD, and the higher mean systolic BP among females indicates 

that, there could be some gender discriminations in the management of 

diabetes, adversely affecting the survival of that gender. This warrants our 

serious attention, and hence corrective measures should be initiated urgently. 

6. The study also points to the possibility that, the so-called type 2diabetics may 

actually include diabetes without insulin resistance like type Idiabetes, LADA 

(Latent Auto-immune Diabetes of Adults) and MODY (Maturity Onset Diabetes 

of the Young). So measuring fasting Insulin will help us differentiate between 

true type 2diabetes and others, which actually have a lot of implications on the 

treatment of the cases. Fasting insulin and the NCEP ATP Ill criteria together 

should strengthen the ability of exclusion of other types from true T2DM. 

. 7. Fasting serum insulin levels and WHR together gives the best, but simple 

clinico-biochemical correlate of insulin resistance for our diabetics to diagnose 

true T2DM. The mean serum fasting insulin levels are higher in this study 

population than many other groups, indicating that we suffer from more insulin 

resistance than others. As insulin resistance is directly related to lack of 

physical exercise, central obesity, etc., we need to concentrate more on 

reducing body weight and adopting a more physically active life style to tame 

the scourging diabetic epidemic. 

8. This study population have both high prevalence of insulin resistance and 

higher levels of fasting insulin levels. This indicates that our diabetic 



population is at higher risk for the development of cardiovascular sequel, as 

CAD in diabetes is directly related to the degree and the prevalence of the 

components of insulin resistance syndrome and to high levels of insulin. This 

must be considered seriously and we must treat our diabetics more 

aggressively. 

9. The diabetic dyslipidemia in the study population is of a lesser classical nature 

with the serum triglyceride levels lower than many others. Like wise, HDL 

levels are also found to be abnormal in only around 50% of the diabetics 

studied, where as the LDL cholesterol abnormalities were observed in a 

greater proportion (314 to 415). This indicates the changing equations of 

diabetic dyslipidemia among Indians. 

10. It is suggested that the present threshold for elevated serum TGL and low 

HDL cholesterol values as suggested by the ATP Ill criteria may be unsuitable 

for our race and region, and may even more profoundly under diagnose 

insulin resistance. So it is suggested that we need to lower the lipid thresholds 

accordingly. 

11. Mineral metabolism, one of the least attended areas in the management of 

diabetes was abnormal in this study population. The lower mean serum 

calcium levels among the diabetics, predominantly among male diabetics and 

especially in the poorly controlled group, shows that we should spread out our 

attention to the areas of mineral metabolism also, apart from concentrating 

merely on blood sugar and lipids. It is possible that the altered calcium 

metabolism and its lower serum levels in diabetics may be indicative of a 

more severe degree of insulin resistance. This is one clinical problem that if 

detected sufficiently early, can be corrected easily and effectively by using 

supplements available in the market. 

12. It is essential that we have to look beyond blood sugar and lipids, and that it 

may be important to assess serum calcium and other relevant micro and 

macro nutrients levels and to correct any deficiency by supplementing the 



same. Having known that calcium metabolism is closely related to the 

survival and functioning of nervous tissue, especially ganglions in the dorsal 

horns, it is obvious that its deficiency may have a bearing on the severity of 

the manifestations of neuropathic signs and symptoms. So, it is suggested 

that all diabetics should be investigated for their mineral status like calcium 

and magnesium levels. Nearly half of the patients in this study had sub- 

normal levels of calcium. Supplementing this deficiency may delay the 

apoptosis of the neurons and thus primarily and or secondarily prevent neuro- 

degeneration in diabetes. The study also suggests that the use of fasting 

plasma insulin levels together with the WHR gives the simple and best 

diagnostic tool for detection of true type 2 diabetics, which have very 

important therapeutic implications. It will also help in the early identification of 

cases, which require insulin for treatment. 

In conclusion, all the above information gained from the present study is 

valuable to completely understand and manage diabetes. 
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APPENDIX 



Data of Hyper-insulinemic patients (Male) 
Param Mean Sd SE 
Age 50.04918 10.62925 1.36094 
BM1 23.13448 3.78226 0.49663 
Waist 82.28947 12.48 104 1.653 15 
WHR 0.98 0.05425 0.007 1 9 
Duration 7.6901 1 6.7 1003 0.89667 
Sys BP 147.49091 24.57405 3.3 1356 
Dias BP 90.4 10.395 16 1.40168 
FBS 158.08448 60.82601 7.98685 
PPBS 235.21864 76.1 1174 9.9089 
Fas Ins 92.10492 55.23608 7.07226 
PP Ins 144.5 83.93 123 11.63917 
TC 195.92982 4 1.27688 5.46726 
TGL 153.42857 77.4277 10.3467 1 
HDL 47.95849 13.10985 1.80078 
LDL 1 17.496 15 33.94765 4.70769 
VLDL 30.42353 13.0796 1 1.83151 
Calcium 7.94375 0.55494 0.13873 
Uric acid 6.1 1389 6.46 1 19 1.07686 

Sum N 
3053 61 
1341.8 58 
4690.5 57 
55.86 57 
430.64 56 
8112 55 
4972 55 
9168.9 58 
13878 59 
5618 61 
7514 52 
11168 57 
8592 56 
2541.8 53 
6109.8 52 
1551.6 51 
127.1 46 
220.1 36 

Data of Hyper-insulinemic Patients (female) 
Param Mean Sd SE Sum N 
Age 49.61017 11 33364 1 S406 1 2927 59 
BM1 24.80175 4.53725 0.60097 1413.7 57 
Waist 84.69643 14.82985 1.98172 4743 56 
WHR 0.95982 0.09393 0.01255 53.75 56 
Duration 4.9 1 185 4.05746 0.56267 255.41 52 
Sys BP 162.12766 3 1.99566 4.66705 7620 47 
DiasBP91.53191 12.71229 1.85428 4302 47 
FBS 155.27778 46.10669 6.27433 8385 54 
PPBS 230.50909 60.05888 8.09834 12678 55 
Fas Ins 72.28621 56.96892 7.48039 4192.6 58 
PP Ins 135.84615 96.81383 13.42566 7064 52 
TC 206.47368 35.13652 4.65395 11769 57 
TGL 149.03636 85.42 139 1 1.5 1822 8197 55 
HDL 53.34615 14.05156 1.9486 2774 52 
LDL 126 30.2778 4.19878 6552 52 
VLDL 28.02 14.22629 2.01 19 1401 50 
Calcium 8.26667 0.841 13 0.28038 74.4 40 
Uric acid 6.42 143 12.02637 2.27277 179.8 28 



Data of Total Hyper-insulinemic patients (Male+Female) 
Param Mean Sd SE Sum N 
Age 49.83333 11.19223 1.02171 5980 120 
BM1 23.96087 4.23868 0.39526 2755.5 1 15 
Waist 83.4823 13.6875 1 1.2876 1 9433.5 1 13 
WHR 0.97 0.07686 0.00723 109.61 113 
Duration 6.35243 5.73893 0.55223 686.062 108 
Sys BP 154.23529 29.0323 1 2.87463 15732 102 
Dias BP 90.92 157 1 1.47592 1.13629 9274 102 
FBS 156.73 125 54.0085 5.10332 17553. 1 12 
PPBS 232.94649 68.57635 6.42276 26555.9 1 14 
Fas Insulin 82.44538 56.7279 5.20024 9811 119 
PP Ins 140.17308 90.26568 8.85 128 14578 104 
TC 20 1.20 175 38.52552 3.60825 22937 1 14 
TGL 15 1.25225 8 1.1447 7.70191 16789 111 
HDL 50.62667 13.78712 1.34549 5315.8 105 
LDL 12 1.74808 32.29247 3.16654 12661.8 104 
VLDL 29.23366 13.64428 1.35766 2952.6 101 
Calcium 8.06 0.6733 0.13466 201.5 86 
Uric acid 6.24844 9.2305 1.1538 1 399.9 64 

Data of total Non- Hyperinsulinemic patients (Male+Female) 
Param Mean Sd SE Sum N 
Age 49.68421 13.9883 3.20914 944 19 
BM1 23.96316 3.73455 0.85677 455.3 19 
Waist 85.7 1053 7.02637 1.61 196 1628.5 19 
WHR 0.97789 0.0706 0.0 162 18.58 19 
Duration 8.05625 10.366 1 2.59152 128.9 16 
Sys BP 144.52632 28.920 14 6.63473 2746 19 
Dias BP 88 13.28324 3.04738 1672 19 
FBS 145.73684 40.99572 9.40506 2769 19 
PPBS 207.47368 43.761 18 10.0395 3942 19 
Fas Insulin 8.67368 2.39533 0.54953 164.8 19 
PP Ins 74.28 48.4161 12.50098 11 14.2 15 
TC 209.94737 47.61824 10.92437 3989 19 
TGL 205.47368 125.7826 28.8565 1 3904 19 
HDL 42.26316 10.67 105 2.448 1 1 803 19 
LDL 13 1 S6842 39.62868 9.09 144 2499.8 19 
VLDL 40.26579 25.3994 5.82702 765.05 19 
Calciu 8.33 158 0.88572 0.2032 158.3 19 
U. A 4.7 1.05357 0.24 17 89.3 19 



Data of Non- Hyperinsulinemic patients (Males) 
Param Mean Sd SE Sum N 
Age 50.53333 1 5.0943 1 3.89733 758 15 
BM1 23.73333 3.47762 0.89792 356 15 
Waist 84.7 7.43976 1.92094 1270.5 15 
WHR 0.96867 0.04824 0.0 1245 14.53 15 
Duration8.78333 1 1.84474 3.41928 105.4 12 
sy BP 143.73333 3 1.32 198 8.0873 2156 15 
Dias BP87.46667 14.530 1 3.75166 1312 15 
FBS 150.53333 44.50179 1 1.4903 1 2258 15 
PPBS 215.53333 40.79542 10.53333 3233 15 
Fas Insulin8.48667 2.47988 0.6403 127.3 15 
PP Ins. 78.83636 49.86436 15.03467 867.2 11 
TC 2 13.66667 49.87795 12.87843 3205 15 
TGL 219.6 138.59128 35.7841 1 3294 15 
HDL 41.13333 10.656 1 2.75 139 617 15 
LDL 134.29333 40.42565 10.43786 2014.4 15 
VLDL 43.23667 27.94802 7.21615 648.55 15 
Uric acid 4.80667 1.08593 0.28039 72.1 15 
Calcium 8.20667 0.88436 0.22834 123.1 15 

Data of Non- Hyperinsulinemic patients (Female) 
Param Mean Sd SE Sum N 
Age 46.5 9.67815 4.83908 186 4 
BM1 24.825 5.09796 2.54898 99.3 4 
Waist 89.5 3.69685 1 .S4842 358 4 
WHR 1.01250.13048 0.06524 4.05 4 
Duration 5.875 3.79418 1.89709 23.5 4 
Sys BP 147.5 20.61553 10.30776 590 4 

Dias BP 90 8.16497 4.08248 360 4 
FBS 127.75 17.19254 8.59627 511 4 
PPBS 177.25 46.70029 23.35014 709 4 
Fas Ins 9.375 2.2 1265 1.10633 37.5 4 
PP Ins 6 1.75 48.63726 24.3 1863 247 4 
TC 196 40.82483 20.4 124 1 784 4 
TGL 152.5 23.51595 11.75798 610 4 
HDL 46.5 11.09054 5.54527 186 4 
LDL 12 1.35 40.24703 20.1235 1 485.4 4 
VLDL 29.125 4.0078 2.0039 116.5 4 
Uric acid 4.3 0.941 63 0.4708 1 17.2 4 
Calcium 8.8 0.82865 0.41433 35.2 4 



Proforma 
Age: Sex: Name: 

Address: 

Occupation: Religion: 

Cast: 

Complaints: 

Polyuria: YeslNo 

Polyphag ia: YeslNo 

InfectionslWounds or ulcers: YeslNo 

Fatiguelliredness: YeslNo 

Dyspnoea: YeslNo 

Constipation: YeslNo 

Dysphagia : YeslNo 

Oedema : YeslNo 

Retention of Urine : YeslNo 

Premature Ejaculation : YeslNo 

Infertility : YeslNo 

Retrograde Ejaculation : YeslNo 

Cough : YeslNo 

Haemoptysis : YeslNo 

Head ache : YeslNo 

Convulsion : YeslNo 

Polydypsia: YeslNo 

Weight loss: YeslNo 

Increased sweating: YeslNo 

Palpitation: YeslNo 

Central Obesity: YeslNo 

Diarrhea : YesINo 

Jaundice : YeslNo 

Impotence : YeslNo 

Incontinence : YeslNo 

Frigidity : YeslNo 

Dyspareunia : YeslNo 

Chest Pain : YeslNo 

Expectoration : YeslNo 

Wheezing : YeslNo 

Dizziness : YeslNo 

Blackouts : YeslNo 



Years 

Diplopia : YeslNo 

Dimness of Vision : YeslNo 

Defective Hearing : YeslNo 

Waisting of Limbs : YesINo 

Heaviness of limbs : YeslNo 

Numbness : YeslNo 

Difficulty in Standing : YeslNo 

Tingling sensation : YeslNo 

Difficulty in Sitting : YeslNo 

History : 

Diabetes : Duration : 

Investigations : 

Type of Treatment taken : 

1. diet alone 

2. diet + oral hypoglycemic agents 

3. diet + insulin 

4. insulin + oral hypoglycemic agents 

Past history : 

1. Pancreatitis 

2. Bronchial asthma 

3. steroid therapy 

4, cerebrovascular accidents 

5, coronary artery heart disease 

6, pulmonary tuberculosis 

7. hypertension 

8, dyslipidemia 

9, any other relevant illness 

Loss of Consciousness : YeslNo 

Ear Discharge : YeslNo 

Dysarthria : YeslNo 

Nasal regurgitation : YeslNo 

Weakness of limbs : YeslNo 

In co-ordination of limbs : YeslNo 

Pain in the Limbs : YeslNo 

Xanthomas : YeslNo 



Personal history : 

1. Appetite 

2. Sleep 

3. Bowel habits 

4. Urinary function 

5. Smoking 

6. Alcohol 

7. Any other drug addiction 

Diet : veg : 

Non veg : 

Family history of diabetes : 

1. Father 

2. Mother 

3. Siblings 

4. Children 

5. Other second degree relatives 

6. Other relevant illness : 

Menstrual history : 

1. Menarche 

2. No. of deliveries 

3. hydramnios 

4. Pre-ecclamptic toxemia 

5. Abortions 

6. Infertility 

Occupational history : 

Socioeconomic status : 



GENERAL EXAMINATION 

SYSTEMIC EXAMINATION 

G I T  : 

Mental and 

emotional state : 

Pallor : 

Thyroid swelling : 

Breast : 

Skin : 

rhythm : 

Peripheral pulses : 

Blood Pressure : 

Abdomen (inspection) : 

Build and 

nourishment : 

Jaundice : 

Oedema : 

Eyes : 

Hair : 

character : 

Respiration- rate : 

Temperature : 

Gum : 

Oral hygiene : 

Abdomen (palpation and percussion) 

Facies : 

Cyanosis : 

Ears : 

Hands : 

Bones and Joints: 

Volume : 

rhythm : 

Lips : 

Tonsils : 

Shape : 

Movements : 

Head : 

Lymph nodes 

Clubbing : 

Feet : 

Pulse - rate : 

radiofemoral delay 

type : 

Teeth : 

Pharynx : 

Palate : 

Tongue : 

umbilicus : 

anterior abd. Wall : 

Fauces : 

Buccal 

mucosa : 

Mass abdomen : 

Ascites : 

External genitalia: 

Tenderness : 

Urinary bladder : 

Hernial Orifices : 

Local rise of 

temperature : 

Liver : 

Other mass : 

Major arteries : 

Rigidity : 

Spleen : 

Other mass : 



Abdominal auscultation - 

Respiratory System : 

Bowel sounds : 

/ Sinuses : Nose and Nasal Cavity : Chest : 

Chest- Inspection and Palpation : 

Bruit : Rub : 

Auscultation : 

Expansion : 

Vocal Fremitus : 

Form of chest : 

Trachea : 

Cardiovascular System : 

Inspection: 

Movement of chest : 

Apex Beat : 

Added Sounds : Breath Sounds : 

Palpation 

Vocal Resonance : 

Apex Beat: JVP: 

Percussion: 

Shape of precordium: 

L P H: Apex Beat: 

Other Pulsation: 

P2: 

Thrill: 

Lt.2"d Spcae Lt. Heart Border 

Auscultation: 

Rt. Heart Border 

Pulmonary Area : Aortic Area: Mitral Area: Tricuspid Area: 



Central Nervous System : 

Higher Functions : 

Cranial Nerves : 

Consciousness 

Speech 

Motor System : 

Memory 

Lt. Handed 

I 

I I 

III,IV&VI 

v 
VI I 

Vlll 

IX&X 

XI 

XI I 

Intelligence 

Rt. Handed 

Right 

Judgment 

Orientation 

Left 

Left Right 

Bulk 

Shoulder 

Power 

El bow Power 

Upper Limb 

Lower Limb 

Flexors 

Extensors 

Abductors 

Adductors 

Flexors 

Extensors 

Pronators 



Wrist 

Lower Limbs 

Hip Joint 

Knee Joint 

Ankle Joint 

Superficial Reflexes 

Deep Reflexes 

Supinators 

Flexors 

Extensors 

Finger Flexors 

Flexors 

Extensors 

Abductors 

Adductors 

Lateral Rotators 

Medial Rotators 

Flexors 

Extensors 

Dorsiflexors 

Plantar Flexors 

Evertors 

lnvertors 

Corneal 

Conjunctival 

Abdominal 

Cremasteric 

Plantars 

Jaw Jerk 

Biceps 

Triceps 

Supinator 

Knee Jerk 

Ankle Jerk 



Gait : 

Co-ordination : 

Sensory System : 

Cerebellar Signs : 

I Romberg's sign 1 Finger Nose Test Heel Knee Test / Tandem Walking ) 

Two Point 

Discrimination 

Pain (superficial) 

Touch 

Tactile 

Localisation 

Meningeal Signs : 

Carotids : 

Peripheral Nerves : 

Neurocutaneous Markers : 

.INVESTIGATIONS 

Blood : 

Sugar : 

Fasting : 

Post Prandial : 

Lipids : 

Total Cholesterol : 

Triglycerides : 

H D L Cholesterol : 

L D L Cholesterol : 

V L D L Cholesterol : 

Uric Acid : 

Insulin Levels : 

Fasting : 

Post Prandial : 

ECG : 

Temperature 

Position Sense 

Vibration Sense 

Pain (deep) 
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Serum Calcium Level in Type I1 Diabetes ancl its 
Therapeutic and Clinical Implications . 
DR. F! SURESH KUMAR, Manjeri District Hospital, Kcralu-676 I 2 2 .  

Aims and Objections : - suggestive of hypocalcernia or symp!oi~ls 

To assess the blood level of calcium in. related to musculo-skeletal systems like 
Type I1 diabetic patients and to find out, myaligia, arthralgia, easy fatiguabili.ty, 
its relation with any physical symptoms - cramps, paraesthesia etc. whereas only 
or control or duration of the disease and 19% (11) ~f those ~ v i t h  normal calciui-ri 
to study its therapeutic response to oral levels had similar symptoms. 800; i 2 7  

calcium supplementation. out  of 34) of the s y m p t o ~ a t i c  patients 
with low c a l c i i ~ m  responciec! i\s i i ! l  ii!i 

Mate r i a l s  a n d  M e t h o d s :  100 improvenlenl in the clinical sy!~~p[orns  
. . consecutive patients attending a diabetic m.entioned a f t e r  r ece iv ing  1 g in .  of 

clinic were chosen for this study after calcium 4- Vit. D3 colnilination at \ l ie  

getting written informed consent, ~ l ~ ~ d  eild of 3 mo!lths anti (18% ('$2) of t!iei?i 
was drawn both in the fasting and 2hr had a normal calciuln le\!el at 1 1 1 ~  ell:! o!' 

postprandial states and sent for analysis . t he  S a in e per iod  0 I' t reat  111 e n t . .? I 9  S I 

of b lood ( ~ g p p ) ,  l i p i d s ( ~ ) ,  (60%) O S  those ~ v i t h  low calciui:l i t e r e  

insulin(F), uric acid, creatinine, proteins h f l i n g  diabetes of inore than 7 !:cars, 
.- .-,.. ~ 

an#-calcium (all PP) estimation, ~ l ~ ~ d  a n d  major i ty  ( G O ( % )  Lvere cont ro l  1 - t i  

pressure, anthropometric loosely (PPCS> 2UO1llg). l 'he inea:: !j!sird 

and ECG were also taken. (PP) sugar lo\:sls ill. hypocalccinic Sro:l;) 
\V~IS  ?:l5 111g ;1 i i (1  i l l  I ~ C I : . I : : O ( ; ~ I ~ ~ : C ~ I ! ~ ~ C .  ; ; : : j : i ; )  

H i s to ry  of t h e  d i a b e t e s  s i a t u s .  L,ras 213 v i i l L i c  , d ,os j ,  l:clrL1,. sL,.,~.c!: 
including the durat ion,  t reatment  and  (47) of toi;il pj \ jk>nii  jicrc c,.,er:,.l.:l;l: 
c l i n i ca l  s y m p t o m s  sugges t ive  o f  ( D L { I > ? ~ )  l ~ , ~ ] l i ~ } l  j ~ l~ l , :~ !~ : : ;  25 L!:!; G;:: 
hypoca lcemia  like fa t igue .  myal ig is .  ] 1 y l 1 9 ~ ; ~ 3 ] : ~ ~ ! l l l i ~ :  ;-,;ii~f;::~:; j,s9,ii;(:!: . ~ ; l , ~ . , ~ . ~ s  L:.,..: 
cramps, paraesthesia, restless legs and I I ~ ~ ~ ~ ~ :  is I I ~ I  r p I ; l ~ i , - ~ ~ ~  : : 5 ~ . . ~ : ~ 3 i !  x t , ~ , : :  1:: 

ar thra lg ia  were  recorded along wit11 c:;l!c:iLII~,; <!:I:! ~ ~ i ~ ~ ~ ~ , ~ ~ , ~ , ~ t ; i ~ ; l : l ~ ,  

other routine rc!evant history. 

After analyzing [ h e  symptoms nnd 
their relation \ v i ~ h  thc sc!ruIn ca!c;i~irli, 
those having low calciul-r~ were given 
oral calcium suj;plernel-llatioll izrith 1000 
rng of calcium and 250 incg O S  vit. U3 
( two loi)icts cach of Ocium 500 of Ua l  
Pliarrna, India I'cr day) Syrn l~ :omsanci  
serum calcium Icvels were arlalyscd at 
tile end of 3 nlontlis. 

, -\ 
Kej.ilts : 

4 3  ( 4 3 % )  p a t i e n t s  stuclicd lverc 
h a v i n g  e i t h e r  b o r d e r l i n e ,  l o w  or  
p ro found  hypoca icemia .  79% (34)  of . 

these patients had reported syillptonls 

!Iisc:j>,sio~~ : 

7 1 i - l t !  ; [ ; : l  . !  : ! , ; l . .  ,,:, , , , :  .$, , t , ,  . . ,  . . .  
. . s!1oi:.t. i l ; : : ~  :: - ; : : i , . : : , , , i ! . :  I:,:::::. : : ", ,, 

, , 
. . 

2 r!::!\;g:l , , ~ : I , : ~ , . : ~ ~ ! ~ ~ , ~  : ; , , , : , , ,  :;,:,;:.,.: 
, , 

Oi:it)[;l[:s Io r  J : ; ! ~ I Y !  i!]ii;~: 7 \ , : ! ; ! : . S  ; ! ; : , l  !;I,,:::: , ; , , . . . ,  . . 
, , i l j ~ l j o c , L , : ~ , ,  ::,I . ,  , ;i ...,,., . ,  . .  :~;,.,'::!,: .. :' !:,:: 

l ' e ~ ; l ~ i ~ i i  l'.:tj? ~ ? ) ~ i : : . ~ ~ ~ ~ ( j : ; k t > ] ~ . : [ ~ ~ l  ,:,;:::; ;o,::; 
, . 

0111~1 '  ~ ! l i l : ~  ] j ! ! l . ~ i i ~ . I ! l i ' ~ I i ~ >  i : i l i i  :;,(,C :.%,::.!:..:!:'! 

i l l  \!I(; 1:1i!j:):,ii;,! l ; ; , ,  l ! : ( :  O I . ~ I \  l . i : ; , : L i ~ : : , : t ; ~ : ; : t  

of calci~:;:l .t \%:it.  U:j .  Ils:tct qi!:\::!it:iLi\s.,) 
anti  c l l l ; i i : i ~ ; ! i \ ~ t !  1111:;1.~:11.11 01‘ liic' i i ' i : i  ., , , :h  . 

7 .  

not  a\lail:iblc a ~ i d  hc~icct  tlic i;:et;!; v 
decicic~>(:jt (:c)\\\(\ 1101 i)(! :~s(;ei-~;!i!~cc! !r?i:~ 
h is tor j . .  Ua: 1 lac.: i 1 ! , 1 ~  :!L:: 



hypoca lcemia  got  corrected by 
subs t i tu t ion  of modera te  doses  of 
calcium along with vitamin D3 in  the 
majority shows that  there could have. 
been a quan t i t a t ive  or qual i ta t ive  
deficiency of calcium in the diet of the 
population studied. This could be due to 
the indiscriminate dietary restrictions 
imposed (self or by treating physicians) 
or  d u e  to the  c a l c i u m  poor  d ie t  
consumed by the diabetics studied. This 
has to be viewed i n  the context of an' 

- .  - already poor calcium availability (750- 
1000rifg of ca lc ium where  the actual  
normal daily requirement is 1500-2000 
mg)  f rom a n  average I n d i a n  d ie t .  
Malabsorption or excess excretion cannot 
be suspected as the hypocalcernia got 
corrected .relat ively fast  by  ora l  
supplementation. 

Conclusion : 
In a total 100 consecutive patients of 

type I1 diabetes studied there were 43% 
of  pa t i en t s  wi th  e i the r  mild or 
moderate ly  severe  hypocalcemia  in 
whom about 79% had sylnptoms relateci 
to the musculoskele ta l  a n d  nervous  
systems whereas in the normocalcemic 
category only  1 9 %  had  sinii lar  
symptoms. Syrnptonls of 80% of tile first 
category responded positively to Calcium 
+vit .D3 supplinlellts (1000mg -!- 250 

. Inc+l per day for three months, and only 
. - 

18% of the second category did responcl 
to llle same. This shows that c;11ciu11. 
def ic iency is a problem i l l  typc 1 1  
diabetic patients (especially in poorly 
controlled group) which coulcl either be 
d u e  to a dietary deficiency or more 
p r o b a b l y  ~ L I C  Lo the a b n o r ~ l l a ;  
functioning of one ~f the least attended 
counter-regulatory hormones called PTH 
(parathormonc). The point in favour 0.;' 

t l lo  lalter is I11c nssociat ion oi' 13uor 
control (significant : p value <0 .05)  of 

d iabetes  i ~ !  associ:liion t. \ . I : i :  

hypocaIccr~;i;!. 7i'lir: t!r:ficic:~cy ,',:il)l!i>:i:!ni 
func t ion  can ](:at1 to var ious  
musculoskolelal sylnptonls \vhicli call 
affect the nornicll lilc of Ihe patients allcl 

can be easi l~.  and cf:'eciivcly [reliter! \:.it!l 
ordinarjr calci~1111 s u p p l e r n e l ~ l s  i i ?  

combina t ion  :vith \lit.D3 (01. ,.' nhii 
magncsiurii) available in the illarket. 

The message of this obscr~rational  
study is that ilicrc: is one morc ~iienlbcr 
to be added to the basket of counter 
regulatory horn~ones .  Apart from this 
along with moliit,oring blood sugar and 
l ip id  levels ,  i t  may be important  to 
assess serum ccllcium ancl oilier rolcvant 
micro anti lnacro 1lutric11t le\lels nild to 
look for thei r  def ic iencies  also to 
complete ly  unders tand  and  manage 
cli;~i)~;tcs a11(1 1 0  ;;i~.(! t l~o (lial)~:li(: p;ili(:~lL 
a comSor~l;~i)lc l i l ' c : .  

groups 

S I hluic tm 
-- 

Mean Blaod I 
Sugar Levels 1 2.i 3 1.1 245.57 

'Iivo Cat ogol.iu:; of' I'iitian ts 

-' -- -. 

Rcsponsc to Calcium su])lllcrncnts f o r 3  months  
i l l  % it1 ~ I ~ ~ ~ O ~ : ~ ~ ~ ~ ; ~ ~ I I I ~ ~ ; S  & I I O ~ I I ~ O [ ; : I ~ ( : ~ ! I I I ~ ( ; S  
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- - - - .  Tostudy the. Effect of 'Scoring of Type 2 
Diabetes Mellitus' on Patient Compliance 

Sureshkumar P, Ramamoorthy KP: Ramakrishna T'. 

Physician and Diabetologist, 'Life Sciences Dept.. University of Cai:cul 

Abstract 

Coronary heart disease (CHD) is a rnajoi c; Lise of r~-:c;r\ni~l .; I. ' c , :  ;: . I : . : : . . . ; ,  '- ' . '  

conducted this open-label, con!roiled s!:ir.!y i r i  Imtlei!!:; i . ' , : ( ~ i  ; ::l 
. - . . , , .  / .  : . . .  , . 

, , , , i , ?  : : ,,< , '< ' . ' '  ;, to verify the utility of a 'scoring system' to vake pa:;er?:s !;I-:!J::. - $  . p -  . * , . 

and observe its effect on adherence to advised meclicatior:, (;;c; ~~:s:~~:::. ,it.:: Ii~~.-s~\,:.: 
change, The control group was managed as per usual care. viili!;l i*.!t2i'vent,:j1;:! 
group weie in addition to usual care, given a score [from 0-1  !;) l(.; lirl!!-' 'i-~<.r:i :;;--!:;<::,::!::fi 
their 'risk status'. All patients followed up every 3 i~ . ! o~> t i : ~  i x i .  : ~ . : ~ . ; t l : . : ~ ~  -:!ii-..,::.:' 
examination, lab testing, drug-dose dose adjustment if req:ii;-oci. . ! : - c !  ( 1  ~i!~!~.:i ::til. ,,:r, 

Results of the two groups were analyzed at the end of one year'. 

-, 
The study group showed significantly better compliance !/!a11 thn caritr~~l group c111 3 
key parameters (diet, lifestyle change, consultation frequency). Tilere was a tre:?:! 
towards better compliance with medication and blood glucose testing frequency in 
the intervention group but statistical significance could not be demonstrated. We 
feel, that the use of a simple scoring system to quantify 'risk status' L Y O U I ~  help 
enhance patient awareness to be more'actively involved iri their own treatment and 
adhere to treatment recommendations ~etter.  

- - -  - . . . _ 
lntroductibn and backgrounc' 

Fo, ~ s t  medical conditions,,the patie?t does r~ot  have to understand the condition 
in orcler to cairy out the prescribed therapy properly. However, diabetes treatment 
requires carefl~l balancing of various activities that are integral part of :l le daily routine. 
Thus diabetic treatrrtent is -a 24 hour-a-day activity and often includes important 
changes in lifestyle. So it would secm that the more that people with diabetes 
understand how to make these requircid changes and the reason for tl~ern, the more 
successful they will be in their diabetes treatment program. In the absence of proper 
patient education and awareness, cojnpliance to treatment becomes poor and that 

. is a major stumbling block in the management of T2DM. Scientific and absolute 
illiteracy and poor awareness of the significarlce of t ~ l o  o l l l~ \ r  ;~:;:;o~:i;~tc(i I is(\ I;l(:io~:; 
present in a diabetic is another main reason for the difficulty in edi~cating t l ~ c  paileilts 



- belonging to the developing and uriderdeveloped countries. AS' World -health 
Organization has stated, 'Education is a corner stone of Diabetic therapy and v r t ~ i  
to the integration of the diabetic into th? society.'The growing recognition of the vital 

- -role of education in the diabetic managment has led many countries to set nationai 
standards for Diabetic Education and. to form certification boards for the diabetic 
educators like ADAdid. Though heal t~care professionals who care for people wi:h 

' 

diabetes continue their commitment td patient education tllr.ocrgli tile dt'vt?lopr~icr~! 
of new program and research into more effective methods of teaching the principles 
and practice of diabetes self care, many a time the majority of physicians in the 
developing world fail to convince the Ijatient about the sisic ~rlvolvcd in iglior.ir~$] 
treatment and lifestyle changes. This study is an effort to devise a n~ethod or a ioa; 
to overcome this difficulty and to help even the illiterate patient to understand the 
importance of diabetic complications tletter. . 

Aim -.- - 

- . .". ~ To study the effect of scoring T2DM \./ith the help of the predicted CAD risk using 
the 'UKPDS risk engine' on patient awireness; and hence O!I tr~atnient conipl~ance 
.- - - .4 - 

Materials and methods 
. . 

Qqtal of 200 patierils attending my diabetic clinic were er~iullcd in Lris sti~cly. s:ji!cr 
a rcnning in period of 3 months;.tlie patients were randornizctl e~riicr to t l ~ c  zo~)iroi 
to the study groups and followed up for next 1 year fro~n Marcli %OC% lo Fct) 200:3.Ti?[: 

, , UKPOS Risk Engine was used ro calc,ulalc the projcclctl l ( ;  ;;::;,I C,o:::r:ri:;' ;\;l(::; 

... Disease risk foj.e*b,patient in the study group in the beginn~rig i l s ~ l i  The />c:c::~?:a<je 
.' .L.. . ' .  

thus obtained was rounded up to the closest number and :ri:!~di.d by 1 G ici ;;c: ;i 

..  single figure for convenience and then the nuniber bvas sufii,:c<i t:: tlie d i ; i < ; i ~ ~ ~ ~ ~ - ;  c! 
' T2DM along with a plus sign for those in the study (jlGilp (\;,S !:;,s::!i:;):~ ?2!?:; : -  ' .  ' 

a person with 40% risk for coronary av!er\j disease i Ie~e i i?~: i? i~~: !  ;:: '!if2 : : c ! : " : ,  : 1 . 1  

years). 

L ,  The risk factors included in the study tc calculate the risk were similar. to the UiiPCjS 
iodel. They were: age in years at diagnosis, sex, race, smoking, mean H b A l c .  

systolic blood pressure and lipid ratio. 

The control group was managed as ~:sual without atta$hing the score tag to ti1e 
diagnosis, but were informed of the presence of other risk factors, and the ~ ~ s u a l  
dietary advices and advice to exercise were given for both groups similarly. 

. . .. 

The study group was told that their Diabetes is so much plus (e.g.: - 5+) compared 
to simple diabetics, carrying that much times risk of complications like CAD in nexi 
10 years. 



. . 
' - ./ 'I*, :/: 

Both groupswtye asked to follo~v ilp every riiontll i~i:l-, ii-c:-t,! l.:lc.:s:l :;!ji.i;!l ;,:;';-:.:;,; ,.:,-.; 

t. :. lipid profile also'for those who are:dyslipiden?ic eve;-;, :3 imo::ti:;? 
. , All the visits and the compliance regarding blood tests. !medicc<i!oi;, r i i c i  sri;~ ,Jit?ic:.r 2 

were recorded systematically in a case diary. 

At the end of l year all the above wele analyzed to ccnlc,jrc i l - i  ? L? , .- - , , , l  I ,  

of both groups. 

Results 

Ninety three percent of the study group was conlpl~ant conipared v:rth EG O: oi iiiil- 

control group with regard to regularity of review/consultations. These results vierc 
statistically significant. 

Regarding blood checks, this was only 82 % in the study group where as the control 
group had 76 % doing blood test during revisits. Though the study group had more 

- ?  

7atients complying with the direction to do blood glucose checks during the revisits 
this difference was not statisticallv significant. 

Regarding the regularity of medication also there was a similar difference (97 %v/s 
82 %) which was not statistically significant. This may be due to the small nurnber 
of patients included in the study. 

Regarding Diet and Exercise the ztudy group complied better with the instructions 
(63% vls 43%, and 82% v/s 61%), and this difference was statistically significant. 

Conclusion 

The study group showed a statistically significant better coriipliance than the control 
group on all parameters except medication and blood tests \where thoiigti there vdas 
a trend towards better compliance, statistical significance could mt be demonstrated. 

Better compliance could partly be because of the fear of developing coronary artery 
disease, and partly because of the awareness induced by the more linu'erstc?ndable 
expression of the allied risk factors of diabetes. W 

The suggestion of the study result 1s that a simple scorii~c; system, iA/?iich c;xoresses 
the relative degree of complicati~n that diabetes can caiisc. I:? sin-iple and - understandable terms of 'numbers', will improve the cor-~ipl~ar~ce. The score also . 
provides a quantitative 'risk-tag'-which both patients :+nci cli;ctnis can remember 
easily. This will help simplify the diabetic patient eclirc~ilio~i 



c - -  
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