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ABSTRACT 

This is a cross-sectional and analytical study. The study population consisted of three groups; A, 

B and C. Group A comprised of healthy controls, group B comprised of type 2 diabetic patients 

and group C comprised of type 2 diabetic patients having coronary heart disease (CHD). Each 

group contained 60 members. The participants of the study were selected randomly from referral 

tertiary care hospitals of Peshawar including Khyber Teaching Hospital (KTH), Hayatabad 

Medical Complex (HMC), Lady Reading Hospital, Peshawar (LRH) and Rehman Medical 

Institute (RMI). 

A questionnaire was used to record participant history. Fasting samples of blood were collected 

from all participants. Biochemical analysis was done for fasting blood glucose (FBG), 

glycosylated hemoglobin (HbA1c), total cholesterol (TC), triglyceride (TG), high density 

lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), very low density 

lipoprotein cholesterol (VLDL-C) and serum adiponectin levels. The biochemical analysis was 

carried out in the research laboratory, Department of Biochemistry, Khyber Medical College. 

SPSS version 19 was used for the analysis of the data. 

In this study, higher levels of adiponectin were recorded in women than men; significant 

difference was seen in the control group. Significantly higher concentrations of HbA1c, FBG, 

TC and TG (p value <0.05), were noted in diabetic participants and those having diabetes with 

coronary heart disease. Both the diseased groups presented with significantly low serum 

adiponectin (p<0.001) and HDL-C (p<0.001) concentrations than the control. Participants having 

type 2 diabetes mellitus with and without CHD did not show any significant difference for the 

studied variables. 
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The association of serum adiponectin with other parameters was determined. Adiponectin level 

was positively associated with HDL-C in control (male: r 0.948; p=<0.01, female: r 0.988; 

p=<0.01), type 2 diabetic participants (male: r 0.860; p=<0.01; female: r 0.908; p=<0.01) and 

type 2 diabetic participants having CHD (male: r 0.650; p=<0.01, female: r 0.775; p=<0.01). 

Significant negative association of adiponectin level was observed with TG in control (male: r -

0.537; p= <0.01; female: r -0.515; p=0.01), type 2 diabetic participants (male: r -0.747; p =<0.01, 

female: r -0.790; p=<0.01) and type 2 diabetic participants with CHD (male: r -0.640; p=<0.01, 

female: r -0.669; p=<0.01). In both the diseased groups, level of adiponectin in the serum was 

negatively associated with FBG and HbA1c with p value<0.01. The negative association of 

adiponectin with FBG was slightly weaker in male diabetic patients having CHD with p value 

0.04. Type 2 diabetic subjects showed negative association of adiponectin with TC and LDL-C 

(each with p value<0.01). Type 2 diabetic subjects having CHD showed a weak negative 

association of adiponectin with TC in female participants with p value 0.03. Control male 

participants showed negative association with LDL-C in male members (p=0.002). 

This study concludes that adiponectin level is markedly decreased in type 2 diabetes mellitus, 

with and without CHD. The adiponectin level showed positive association with HDL-C and 

negative association with HbA1c and TG. Therefore, adiponectin level acts as a biomarker of 

glycemic status and lipid profile in type 2 diabetes mellitus alone and with coronary heart 

disease. 
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INTRODUCTION 

1.1 Adiponectin 

1.1.1 Overview 

 Adiponectin is a protein hormone containing 244 amino acids. First described around 1995, it 

immediately became a focus of interest for researchers due to its widespread role in health and 

disease [1]. It is secreted by adipose tissue along with other adipokines including leptin, resistin, 

plasminogen activator inhibitor-1 (PAI-1), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) 

and C-reactive protein (CRP). It is also referred to as Acrp30 (adipocyte complement-related 

protein), Adipo Q and gelatin-binding protein-28. Adiponectin is encoded by a gene present at 

human chromosome 3q27 [2]. It circulates in higher concentration in humans contributing to 

about 0.01% of all plasma proteins. The plasma level of adiponectin ranges between 2-30 µg/mL 

and is slightly more in females than in males [1]. 

1.1.2 Structure 

 Structurally it has four regions. There is a first short signal region which targets the secretion of 

hormone outside the cell. The second region is also short and tends to vary in different species. 

The third region contains 65 amino acids and is collagen-like while the fourth region is globular 

C1q like-domain. Adiponectin has the ability to self-associate into larger structures. The 

adiponectin monomers come together to form a trimer. Then collagen-like regions arrange 

themselves into a triple coiled structure and the globular like regions form the “head” [3]. 

Adiponectin can occur as at least, three higher order complexes i.e, trimer [low molecular weight 

form, (LMW)], hexamer [medium molecular weight form (MMW)] and higher order multimer 
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[high molecular weight form, (HMW)]. Hexamers consist of trimers linked by disulfide bonds. 

The HMW form of adiponectin is believed to be made of many combined hexamers and/or 

trimers held together by disulfide linkages as well as by bonds which are formed through 

participation of modified amino acid residues in collagen like regions. The different forms of 

adiponectin do not convert into each other and they circulate as separate moieties [4]. 

 

 

Fig. 1.1 Structural forms of adiponectin oligomers [3] 

1.1.3 Adipo receptors 

Adiponectin has three important receptors, Adipo R1, Adipo R2 and T-Cadherin. Adipo R1 is 

mostly present on skeletal muscle. It is known to be the receptor of the globular part of 

adiponectin structure. Adipo R2 is expressed in liver and is considered to be a receptor for the 

entire length of adiponectin structure. Both the receptors have a role in the oxidation of fatty 

acids and the uptake of glucose caused by adiponectin [5]. Both are found in 

monocytes/macrophages; however their role in anti-inflammatory action of adiponectin is not yet 
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clear. T-Cadherin is present in the cardiovascular system including smooth muscle and vascular 

endothelial cells and it is a receptor for the hexamer and high molecular weight forms of 

adiponectin [6]. 

1.1.4 Adiponectin expression and secretion 

It is believed that the expression and secretion of adiponectin occur solely in the adipocytes. The 

expression of adiponectin continues onwards from an intermediate phase of adipogenesis and 

occurs in white as well as brown adipose tissue. Secretion of adiponectin from visceral and 

subcutaneous depots is the same although both are regulated in a different manner. Plasma 

adiponectin level is influenced by multiple factors including age, gender, obesity and pregnancy 

[7]. 

Recent studies done on mice and humans [8, 9] suggest that adiponectin might be expressed from 

cells other than adipose tissue. Liver biopsies performed on human subjects with steatosis have 

detected the presence of adiponectin mRNA (messenger ribonucleic acid) and protein in the 

endothelial cells of liver sinusoids and portal vessels [9]. Interestingly, expression of adiponectin 

has also been seen in skeletal muscles and osteoblasts, respectively [10, 11]. 

1.1.5 Regulation of adiponectin secretion 

Serum adiponectin level is negatively related to body mass index (BMI) and visceral fat 

accumulation. Therefore low adiponectin level and high pro-inflammatory cytokines are 

produced in obese subjects [7]. Proliferator-activated receptor γ (PPARγ) agonist tends to 

increase adiponectin expression both, in vivo and in vitro through promotion of adipocyte 

differentiation and apoptosis as evidenced in cultured adipocytes [12]. The pro-inflammatory 
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cytokines, tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) decrease adiponectin 

production by adipocytes [12, 13]. Adiponectin itself shows anti-inflammatory properties and 

down regulates the production of TNF-α. Other factors which down-regulate the production of 

adiponectin include catecholamine, glucocorticoids, testosterone, angiotensin II and oxidative 

stress, respectively [14-17]. 

1.1.6 Adiponectin metabolism and excretion 

Limited information is available regarding the clearance of adiponectin from blood [7]. The 

breakdown and removal of different structural forms of adiponectin from circulation indicate that 

adiponectin is metabolized by the processes of reduction and proteolytic cleavage [18, 19].  

Adiponectin has been observed in the urine of healthy men and type 2 diabetic patients, which is 

markedly increased in subjects having macro-albuminuria. The elevation of urinary adiponectin 

level may be due to leakage of blood adiponectin from the damaged kidneys [20]. 

1.1.7 Actions of adiponectin 

1.1.7.1 Effect on macrophages 

Macrophages have a vital contribution in the obesity related chronic inflammation through 

increased formation of TNF-α and IL-6 [21]. Adiponectin can influence macrophages in many 

ways. It can inhibit the formation of foam cells from macrophages through the suppression of 

expression of the class A scavenger receptor (SR-A) [22]. It causes reduced production of the 

lipopolysaccharide (LPS) stimulated TNF-α by macrophages, leads to suppression of 

macrophage related activation of nuclear factor-кB (NF-кB) and up-regulates anti-inflammatory 

cytokine IL-10 leading to increase in the production of tissue inhibitor of metalloproteinase-1 



 

5 
 

(TIMP-1) from macrophages [23]. The above mentioned effect of adiponectin on macrophages 

renders it as an anti-inflammatory hormone  

1.1.7.2 Action of adiponectin on vascular component cells 

Adiponectin protects against diseases of the vessel caused by obesity. Ohashi et al [24] and 

Matsuda et al [25] performed studies on mice and concluded that adiponectin exerts anti-

hypertensive and anti-atherogenic properties. The anti-hypertensive effect is caused by up 

regulation of nitric oxide (NO) and prostaglandin I2 synthase (PGIS) production by endothelial 

cells [24]. The anti-atherogenic effect is caused by adiponectin’s ability to decrease TNF-α 

production, to suppress TNF-α-mediated: (i) activation of NF-кB, (ii) attachment of monocytes 

to endothelial cells, (iii) IL-8 and adhesion molecule expression in endothelial cells [26].  

1.1.7.3 Cardio-protective effect of adiponectin 

Recent studies state that adiponectin protects cardiac cells by activating anti-inflammatory 

pathways. It leads to activation of the AMPK (adenosine monophosphate activated protein 

kinase) in cardiac muscle cells and prevents cardiac hypertrophy after pressure overload [27]. 

Adiponectin leads to inhibition of cardiac cell TNF-α production and prevention of cardiac cell 

and fibroblast apoptosis in culture. The anti-inflammatory effect of adiponectin on cardiac cells 

is due to cyclo-oxygenase-2 (COX-2)-dependent formation of prostaglandin E2 (PGE2) [28]. 

1.1.7.4 Effect of adiponectin on liver 

Liver is badly affected by obesity and obesity-related diseases. Adiponectin has protective effect 

on hepatocytes through its anti-inflammatory actions including decreased TNF-α production, 

increased IL-10 production and suppression of apoptosis caused by TNF-α [23]. 



 

6 
 

1.1.7.5 Effect of adiponectin on insulin sensitivity 

Low serum adiponectin levels are linked with resistance of insulin and risk of type 2 diabetes 

mellitus [29]. When recombinant adiponectin is administered to mice after giving them fat rich 

diet, glucose and lipid metabolism are influenced and glucose and free fatty acid level are 

decreased in the circulation. This occurs because adiponectin causes activation of AMP-activated 

protein kinase (AMPK) which increases oxidation of the fatty acid and muscle glucose uptake 

[30]. Adiponectin infusion leads to suppression of glucose production by liver thus proposing 

that inhibition of hepatic glucose output is the mechanism through which adiponectin leads to 

decrease in blood glucose level [31]. Central adiponectin administration increases thermogenesis 

and expenditure of energy leading to a decrease in body weight and improvement in insulin 

sensitivity [32]. 

1.1.8 Conclusion 

In light of the above discussion we can conclude that adiponectin has anti-inflammatory, anti-

atherogenic, cardio-protective and insulin sensitizing properties and is associated with a better 

lipid profile. Low levels of adiponectin have relationship with obesity, type 2 diabetes mellitus, 

atherosclerosis, hypertension and coronary heart disease. These findings suggest future 

therapeutic importance of adiponectin. However research should be performed in this regard 

especially to determine the form of adiponectin to be used [2]. 

However, higher levels of adiponectin have been found to be non-significantly associated with 

inflammatory diseases such as systemic lupus erythmatosus (SLE), inflammatory bowel disease, 

rheumatoid arthritis and cystic fibrosis rendering the role of adiponectin in human physiology 

unclear [1]. 
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1.2 Diabetes mellitus 

1.2.1 Epidemiology 

Diabetes mellitus (DM) is present all over the globe, but is more common in the developed 

countries. Globally, in 2010, about 171 million people were affected by diabetes, 90% being type 

2 diabetic [33]. The above number will double by the year 2030, reaching up to 366 million, with 

more people affected in Africa and Asia. This trend of increasing prevalence in the still 

developing countries is due to change in the life-style, most importantly, the adaptation of 

“Western style” diet and urbanization [34]. 

Wild et al [34] in 2000 showed that in Pakistan the number of diabetic patients may increase 

from 5.2 million to 13.9 million by the year 2030. Pakistan has a very high prevalence of 

diabetes with the range of 7.6-11% [35]. Type 1 diabetes has an incidence of 1.02/100,000 every 

year in Karachi [36]. GDM in Pakistan has an incidence rate of 3.2% to 3.5% which is 

comparable to that of Western populations. GDM related complications both to mother and fetus 

are quite higher in Pakistan because of poor control of blood glucose levels [37]. 

1.2.2 Definition 

 Diabetes mellitus can be defined as a metabolic disorder which is characterized by 

hyperglycemia, occurring due to deficiency of insulin secretion (absolute or relative), defective 

insulin action or both. Diabetes mellitus is associated with widespread disturbances in 

metabolism of carbohydrate, fats and proteins [38]. 
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1.2.3 Pathogenesis 

Diabetes mellitus can occur from multiple pathogenic pathways. These include insulin deficiency 

resulting from the autoimmune damage of the β-cells of pancreas and conditions leading to 

resistance to action of insulin. The deficient insulin action on target cells accounts for the 

abnormalities in the metabolism of carbohydrates, fats and proteins. The action of insulin 

involves complex pathways and the decreased insulin action may result from either improper 

secretion of insulin or decreased response of the tissues to it. Frequently, insulin deficiency and 

defective insulin action both co-exist in a diabetic patient and it is usually not clear which of the 

two is the primary cause of diabetes [39]. The lack of insulin affects the normal anti-catabolic 

and anabolic actions of insulin and leads to increased catabolism and decreased anabolism. This 

metabolic dysfunction later proceeds to diabetic emergencies, diabetic ketoacidosis and non- 

ketotic hyperosmolar coma respectively [40]. 

1.2.4 Classification 

There are two broad categories of diabetes mellitus depending upon the underlying cause: 

1.2.4.1 Type 1 diabetes mellitus also known as insulin dependent diabetes 

mellitus (IDDM) 

This occurs due to the absolute deficiency of insulin secretion. It makes up about 5-10% of the 

cases of diabetes. Patients are absolutely dependent on insulin as a treatment modality. It is either 

immune-mediated or is idiopathic [40]. 
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(i) Immune-mediated 

In this form of type 1 diabetes, the pancreatic beta cells undergo cell-mediated 

autoimmune destruction. The markers of such immune destruction include 

autoantibodies against islet cell, insulin, glutamic acid decarboxylase 65 (GAD65) and 

tyrosine phosphatases IA-2 (islet antigen-2) and IA-2β (islet antigen-2β). About 85-

95% of patients with fasting hyperglycemia contain one or more of these auto- 

antibodies [41]. The rate at which β-cells are destroyed is variable. In some of the 

patients (usually children), it is rapid leading to severe hyperglycemia and 

ketoacidosis while in others (mainly adults), it is slow. The immune-mediated β-cell 

destruction is related to poorly understood environmental factors and genetic 

predispositions [42]. Patients with this type of diabetes are prone to develop other 

autoimmune problems like Addison’s disease, Grave’s disease, Hashimoto’s 

thyroiditis, vitiligo, myasthenia graves, celiac sprue and autoimmune hepatitis [39]. 

(ii) Idiopathic 

The cause of idiopathic form of type 1 diabetes is not known. Patients are suffering 

from repeated episodes of ketoacidosis and are usually Africans or Asians. It is 

strongly inherited and has no evidence of autoimmunity against the pancreatic β-cells 

[43]. 

1.2.4.2 Type -2 diabetes mellitus also known as non-insulin dependent diabetes 

mellitus (NIDDM) and adult onset diabetes 

NIDDM occurs due to resistance to insulin action and a compensatory deficient response to 

insulin secretion. It makes up about 90-95% cases of diabetes mellitus [33]. Treatment with 
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insulin is not an absolute requirement. Exact causes are unknown; however, there is no evidence 

of autoimmunity against β-cells. Most sufferers are either obese or have a very high body fat 

percentage especially in the abdominal region [44]. Spontaneous ketoacidosis usually does not 

occur in these patients and is associated with other illness such as infections. These patients, 

however, are more prone to develop macrovascular and microvascular complications. This type 

of diabetes is associated with age, lack of physical activity, obesity, hypertension, dyslipidemia 

and prior gestational genetic predisposition [45]. 

Other types of diabetes mellitus include: 

1.2.4.3 Maturity-onset diabetes of the young (MODY) 

This involves single gene defects in the function of β-cells. Hyperglycemia manifests itself in 

young age usually before 25 years [39]. It is characterized by defect in insulin secretion with 

little or no defect in the action of insulin. It is inherited as an autosomal dominant disorder. 

Defects may occur at any of the six loci on different chromosomes [46]. The commonest form 

involves mutations present at chromosome no. 12 on hepatic transcription factor called 

hepatocyte nuclear factor (HNF)-1α. The next commonest type involves a mutation in the 

glucokinase gene found at chromosome 7p. This leads to a defect in the molecule of glucokinase, 

which is the enzyme responsible for production of glucose-6 phosphate from glucose. Glucose-6 

phosphate causes stimulation of insulin secretion. Other less common types occur due to 

mutations in transcription factor namely hepatocyte nuclear factor (HNF)-4α, insulin promoter 

factor (IPF)-1, hepatocyte nuclear factor (HNF)-1β and Neuro D1 [47]. 
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1.2.4.4 Gestational diabetes mellitus (GDM) 

It can be defined as the intolerance of glucose first identified in pregnancy. Its treatment may 

involve diet modifications alone or insulin treatment. It may persist even after pregnancy [48]. In 

the United State, GDM occurs in 4% of all pregnancies and accounts for 135,000 reported cases 

per year. Depending upon population studies, the prevalence of GDM lies in the range of 1-14%. 

GDM accounts for 90% of all diabetes associated pregnancies [39]. 

1.2.5 Clinical features 

These include polyuria (increased frequency of urination), weight loss, polydipsia (excessive 

thirst), rarely polyphagia (excessive hunger) and blurring of vision. Chronic hyperglycemia may 

be accompanied by growth impairment and susceptibility to some sort of infections. 

Ketoacidosis or non-ketotic hyperosmolar syndromes are the acute emergencies occurring from 

uncontrolled diabetes mellitus [49]. 

1.2.6 Complications 

Diabetes mellitus leads to long-term complications. These include retinopathy which may cause 

vision loss, nephropathy which may cause kidney failure, peripheral neuropathy which can cause 

ulcers on foot and lead to amputations if not treated well on time and autonomic neuropathy 

which can lead to genitourinary, cardiovascular and gastrointestinal problems and sexual 

dysfunction [50]. The risk and incidence of hypertension, dyslipidemia, arteriosclerosis and 

cardiovascular and cerebrovascular problems are elevated in diabetic people [51]. 

1.2.7 Diagnosis 

Diabetes mellitus can be diagnosed on blood tests with any of the four ways described below: 
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(i) Fasting Plasma Glucose ≥126 mg/dL (7.0 mmol/L) [52]. 

(ii) Random Plasma Glucose ≥ 200 mg/dL (11.1 mmol/L) with hyperglycemic symptoms [52]. 

(iii) Oral Glucose Tolerance Test (OGTT) value of 2-h plasma glucose ≥200 mg/dL (11.1 

mmol/L) [52]. 

 (iv) Glycosylated Hemoglobin (HbAlc) value= 6.5 % as the cut point.[53]. 

Glycosylated hemoglobin is glucose non-enzymatically attached to hemoglobin over the entire 

90-120 days life span of red blood cells. It shows the average blood glucose level over the 

previous 12 weeks or three months. The measurement of HbA1c does not require fasting and can 

be done at any feasible time. It is now recommended as a diagnostic tool for diabetes by 

International Committee and the ADA (American Diabetes Association) [53]. 
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1.3 Coronary heart disease (CHD) 

 

 

Fig. 1.2 Heart and its blood supply [75] 

1.3.1 Epidemiology  

Coronary heart disease is found to cause more deaths than combined deaths caused by cancer, 

diabetes mellitus, chronic lower respiratory diseases and accidents [54]. 

The prevalence of CHD and CHD-related risk factors are on the increase in the developing 

countries unlike the developed countries. The global prevalence of CHD will double from 1990-

2020, and 82% of this increase would be due to the increased burden in the developing countries. 

This might be due to a fast rate of social and economic growth with a trend towards “western 

lifestyle” which is exposing the developing world to the notorious risk factors of CHD including 
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smoking, hyperlipidemia, hypertension, diabetes etc. There is also a general lack of preventive as 

well as control measures against CHD in these countries [55]. 

Very limited data is available on the prevalence of CHD in Pakistan alone. Two studies 

performed in 1965 [56] and 1973 [57] provide some statistics, however the population of 

Pakistan and the life style of the people of Pakistan have changed a great deal since then. There 

is increasing trend of risk factors of CHD acquired by people of Pakistan and south-Asian 

countries including Nepal, Bangladesh and India thus explaining the increasing prevalence of 

this deadly disease in the region [58-60]. 

1.3.2 Definition 

Coronary Heart Disease (CHD) results from partial or complete blockage of arteries supplying 

the heart by the process of atherosclerosis. The arteries affected are usually medium sized and 

large sized. There is also an idiopathic and less frequent form of CHD which occurs due to 

coronary spasm [61]. 

1.3.3 Pathogenesis 

The major cause of CHD is atherosclerosis [62]. It begins by deposition of lipoprotein droplets in 

the coronary arterial intima leading to endothelial dysfunction. Lipids being water insoluble 

circulate in the blood stream in combination with apolipoprotein which are water soluble. If low 

density lipoprotein (LDL) is present in high concentrations, it will permeate the disrupted 

endothelium and undergo modification by the processes of oxidation and glycation (in diabetes 

mellitus) [63]. These modified low density lipoprotein (LDL) can attract leukocytes in the 

intimal lining of the arteries and lead to formation of foam cells after being scavenged by 
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macrophages. The replication of these cells forms fatty streaks which are the earliest lesion of 

atherosclerosis that can be visualized. The foamy cells site attracts smooth muscle cells where 

they proliferate and form extracellular matrix (proteoglycan and collagen). The extracellular 

matrix occupies a large volume of the plaque, transforming the fatty streak into the fibrous 

plaque. At this stage the lesion starts encroaching upon the lumen of the blood vessel. Formation 

of very small blood vessels (angiogenesis) and subsequent calcification of the plaques occurs 

[64]. Inflammation has important part in promotion of migration of the smooth muscle cells and 

their proliferation. The final and advanced lesion is very complicated and contains a fibrous cap 

over a fat rich core. This lipid core consists of necrotic substances and is extremely 

thrombogenic. The blood vessels which become atherosclerotic show decreased expansion 

during systole and abnormal propagation of waves. This leads to reduction or obstruction of 

blood supply to myocardial areas causing myocardial ischemia [65]. 

1.3.4 Risk factors 

Risk factors include [66, 67] 

i. Abnormalities of lipid metabolism including high low density lipoprotein (LDL), low 

high density lipoprotein (HDL) and high triglycerides (TG) 

ii. Hypertension 

iii. Diabetes mellitus 

iv. Smoking 

v. A family history of early CHD 

vi. Obesity 

vii. Male gender 
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viii. Advanced age 

ix. Lack of exercise 

x. High caloric and fat-rich diet 

xi. Others: High fibrinogen, elevated levels of homocystein in blood, increased high 

sensitivity C-reactive protein (hs-CRP) and lipoprotein a (LPa) 

1.3.5 Complications of CHD 

Four commonest and most serious complications of CHD include  

1.3.5.1 Angina pectoris (chest pain) [68] 

1.3.5.2 Unstable angina 

It is defined as angina at rest. It is more frequent with increased severity and lasts longer. It often 

settles with oral medicines but can progress to myocardial infarction [68]. 

1.3.5.3 Myocardial infarction  

It is of two types 

Non-ST segment elevation myocardial infarction (NSTEMI) 

It occurs due to temporary occlusion of the coronary vessel leading to minimal damage of the 

heart muscle. There are no abnormal findings on ECG but the cardiac enzymes are increased in 

blood [69]. 
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ST-segment elevation myocardial infarction (STEMI) 

It occurs due to occlusion of the coronary blood supply for a long time period. A large portion of 

the heart muscle is damaged. Abnormal changes are found in ECG and cardiac enzymes are also 

markedly increased [70]. 

1.3.5.4 Sudden death from cardiac arrhythmias 

Angina pectoris results whenever the myocardium requires more oxygen e.g in heavy physical 

activity or exercise. Unstable angina and myocardial infarction which constitute the acute 

coronary syndrome (ACS) occur due to plaque disruption and coronary artery thrombosis. The 

age of incidence of clinical pathology is in between 50 and 60 in males and between 60 and 70 in 

females [71]. 

1.3.6 Prognosis 

The adverse outcome of angina pectoris can be any of the above mentioned complications. 

However, the prognosis depends on: number of the diseased arteries, degree of obstruction, 

maintenance of function of left ventricle and the presence of arrhythmias. The blockage of left 

main coronary or proximal anterior descending artery is associated with high risk [72]. 

1.3.7 Different Diagnosis 

The differential diagnosis [73] of coronary heart disease includes: 

 Reflux esophagitis 

 Esophageal spasm 

 Peptic ulcer 
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 Chronic cholecystitis 

 Spontaneous pneumothorax 

 Thoracic outlet syndrome 

 Intercostal neuritis 

 Cervical or thoracic spine or disc disease 

  Inflammation of chondrocostal junctions 

  Degenerative and inflammatory lesions of the left shoulder 

1.3.8 Diagnosis 

Diagnosis [74] is based upon the following: 

i. Detailed history containing information about risk factors, past and present symptoms and 

physical examination. 

ii. Diagnostic tests include blood investigations, electric cardiograms (ECG), exercise tolerance 

test (ETT) and cardiac catheterization. 

iii. Cardiac tomography angiogram (CTA). 

1.3.9 Treatment 

Treatment [75] of CHD includes: 

i. Reduction of risk factors. 

ii. Medical pharmacotherapeutic therapy. 

iii. Interventional procedures e.g percutaneous coronary angioplasty (PTCA) with placement of 

a simple or a drug releasing stent. 

iv. Coronary arteries bypass graft (CABG) surgery. 
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v. Untraditional therapies including trans-myocardial laser revascularization (TMR) and 

enhanced external counter pulsation (EECP). 

1.4 Dyslipidemia 

Dyslipidemia means deranged lipid levels in blood. It has association with insulin resistance and 

diabetes mellitus, and also with atherogenesis and coronary heart disease [76, 77]. CHD shows 

increased incidence in type 2 diabetic patients while the fatal and non-fatal CHD events are 

about 2-4 fold higher in type 2 diabetic subjects as compared to age matched non-diabetic 

subjects [78]. 

The abnormalities of lipid metabolism in diabetes mellitus with and without CHD include [79]: 

 High total cholesterol and LDL-cholesterol (which frequently occurs in general population). 

 In addition, high serum triglycerides and low serum HDL-cholesterol occur also. 

In diabetic subjects, small modified particles of LDL-cholesterol are seen which can easily 

undergo oxidative modification. These modified LDL particles are eagerly taken up by the walls 

of coronary arteries accelerating atherogenesis [80]. 

1.5 Adiponectin in type 2 diabetes mellitus and CHD 

Adiponectin level is decreased in obesity and obesity-related diseases i.e diabetes and CHD. This 

decrease may be in response to increase in the level of other adipokines such as leptin. On the 

other hand, the change in size and shape of adipocytes due to obesity may lead to reduction of 

adiponectin and concomitant increase in the leptin level. There are many observations which 

support adiponectin as an anti-diabetic hormone [81]. They include: 
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i. Lowering of blood glucose level in diabetic mice after adiponectin administration while 

adiponectin knock-out mice show marked increase in blood glucose level and insulin 

resistance [82]. 

ii. The serum adiponectin level shows strong positive association with insulin sensitivity. It is 

low in type 2 diabetes [83]. 

iii. Adiponectin levels show association with lipid levels which are in contrast to that seen in 

diabetes mellitus, namely, strong inverse correlation with TG and strong positive correlation 

with HDL-C [84]. 

iv. Drugs which have insulin-sensitizing affect namely Thiazolidinediones (peroxisomal 

proliferator-activated receptor-γ activators) increase the level of adiponectin while they 

decrease the level of plasma glucose [85]. 

v. Low level of adiponectin shows significant correlation with CHD [86]. Hypo-

adiponectinemia is not only related to cardiovascular risk factors (obesity, dyslipidemia, 

hypertension, diabetes) but also with dysfunction of endothelium, increased in the thickness 

of intima media and coronary artery calcification [87-89], all leading to CHD. 

1.6 Importance of work 

As already described, adiponectin is a newly found hormone which has an important role in 

health and disease. Much work has been done on adiponectin all over the world but the actual 

pathophysiology related with adiponectin is still a mystery which needs to be investigated. 

Low adiponectin level is found to have a relationship with type 2 diabetes mellitus and coronary 

heart disease. Although mankind is just at the beginning of its understanding of adiponectin, it 
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might prove to be a major pharmacotherapeutic agent in the prevention and treatment of diabetes 

mellitus with and without coronary heart disease. 

Research work on this topic is lacking in this region with very limited available literature on 

adiponectin level in healthy and diseased population. The present study will provide an insight 

into relationship of level of adiponectin with diabetes mellitus and coronary heart disease in 

Khyber Pakhtunkhwa, Pakistan. 

1.7 Aims and objectives 

1. To find association of glycosylated hemoglobin with serum adiponectin in control 

subjects, diabetic subjects and diabetic subjects with CHD. 

2. To find association of serum adiponectin with lipid profile in control subjects, diabetic 

subjects and diabetic subject with CHD. 

3. To compare the level of serum adiponectin and lipid profile in control and diabetic 

subjects. 

4. To compare the level of serum adiponectin and lipid profile in control subjects and the 

diabetics having CHD. 

5. To compare the level of serum adiponectin and lipid profile in diabetic subjects with and 

without CHD.
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MATERIALS AND METHODS 

This study is cross-sectional and analytical and was carried out in the tertiary care hospitals of 

Peshawar, namely, Khyber Teaching Hospital (KTH), Lady Reading Hospital (LRH), Hayatabad 

Medical Complex (HMC) and Rehman Medical Institute (RMI). All the analytical work was 

done in Biochemistry Research Laboratory, Department of Biochemistry, Khyber Medical 

College, Peshawar. 

2.1 Study population 

It consisted of diabetics, diabetics with myocardial infarction and age-matched normal subjects. 

Patients who had diabetes mellitus for the last 4 years and those who had myocardial infarction 

within last 10 days were included in the study. Normal participants were defined as those who 

had no diabetes mellitus, coronary heart disease, kidney disease, thyroid problems or any other 

major illness. Patients who were already taking lipid lowering drugs were not included in the 

study. 

2.2 Study group and study setting 

The study population was grouped as: 

Group A: Normal Control Individuals 

Group B: Patients having Diabetes Mellitus 

Group C: Patients having Diabetes Mellitus with Coronary Heart Disease 

Each group consisted of 60 subjects. Diabetics and diabetics with CHD were included in the 

study after random selection from the medical, endocrinology and cardiology wards and OPDs of 
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the hospitals already mentioned. Normal subjects were included as control group for comparison. 

Consent was taken from all the participants after explanation of aims and objectives. Approval of 

the study was obtained from the ethical committee of Khyber Medical College, Peshawar. 

2.3 Parameters 

A detailed history of all participants was taken on a questionnaire (Annexure 1). Information 

about their socio-demographic characteristics including age, gender, marital status, 

socioeconomic status and educational level (if any) was recorded. 

History about risk factors of diabetes mellitus and coronary heart disease was also taken which 

included physical activity, smoking status, use of alcohol, and any significant family history. 

Height, weight, BMI (wt in kg/height in meter²) and blood pressure (mm Hg) by mercury 

sphygmomanometer method in a supine position were noted for every participant. 

2.4. Specimen collection and processing 

Blood samples were collected after 8-12 hour, fast. 5mL of blood was collected from each 

subject under aseptic conditions. Serum was collected by centrifuging 3 mL blood at 3000 rpm 

for 5 minutes. Fresh serum samples were used for the analysis of fasting blood glucose and lipid 

profile while the remaining serum samples were frozen at -70 ̊C, for estimation of serum 

adiponectin levels. 

Fasting blood glucose, serum triglycerides and total cholesterol were measured by using 

colorimetric methods with the help of Elitech Diagnostic Kits of Sees, France. Serum HDL-C 

was estimated using a kit of Diasys Diagnostic System, Germany. Serum LDL-C was calculated 

by using Frederickson-Friedewald’s formula which is LDL-C=TC-{(HDL-C)-(VLDL-C)}. 
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VLDL-C was found by the formula TG/5. The measurement of serum adiponectin was done by 

ELISA (Enzyme-linked Immunosorbent Assay) method. 

All the analysis was done using Semi Automatic Clinical Chemistry Analyser Metrolab 1600. 

2.5. Measurement 

2.5.1 Height 

2.5.2 Weight 

2.5.3 Body mass index (BMI) 

The calculation of BMI was done as: weight of the subject in Kilograms divided by height of the 

subject in meters square. 

2.5.4 Blood pressure recording 

2.6 Statistical analysis 

Analysis of the data was done with software package SPSS version 19. The numerical values 

were stated as mean ± standard deviation. Biochemical parameters were compared between the 

groups through student’s t-test. P value less than 0.05 was considered as significant. Attempt was 

made to find the association of adiponectin level with serum lipid profile and HbA1c among the 

three groups using Pearson correlation co-efficient (r). 
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2.7 Methods 

2.7.1 Estimation of fasting blood glucose 

Fasting blood glucose concentration was measured colorimetrically by using kit obtained from 

Elitech System, France. 

Principle 

Glucose in the serum sample undergoes oxidation to form glucoronic acid and hydrogen 

peroxide in the presence of enzyme glucose oxidase. The hydrogen peroxide then reacts with 4-

aminoantipyrine and phenol in the presence of the enzyme peroxidase and a compound called 

quinone is formed, which is red in color. This color’s intensity is directly proportional to the 

amount of glucose in the serum. 

Reagent 1 

Phosphate buffer, pH 7.40  100 mmol/L 

Phenol     10 mmol/L 

Reagent 2 

Glucose oxidase   ≥10 000 mmol/L 

Peroxidase    ≥600 U/L 

4-Aminoantipyrine   270µmol/L 

Standard 
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Glucose    100 mg/dL [or 1.0 g/L or 5.56 mmol/L] 

Procedure 

First, reagent R2 was dissolved in reagent R1, and the working reagent was made. Second, test 

tubes were labeled as sample, standard and blank and 1 mL working reagent was taken in each 

tube. Then 10 µL of sample, standard, distilled water, each were added to the tubes labeled as 

standard, blank and sample respectively. The reagents were mixed by gently shaking the test 

tubes. They were incubated for 10 minutes at 37 C̊. Measurement of the absorbance was done at 

500 nm. 

Calculation 

Calculation of glucose was done using the following relationship 

		 	100 

2.7.2 Estimation of serum total cholesterol (T-C) 

Serum cholesterol was measured colorimetrically by kit obtained from Elitech System, France. 

Principle 

The amount of total cholesterol and fatty acid are estimated through the enzymatic action of 

cholesterol esterase. In the sample, free cholesterol undergoes oxidation to cholest-4-en-3-one 

and hydrogen peroxide by the enzyme cholesterol oxidase. The quantity of hydrogen peroxide so 

formed is proportional to the quantity of cholesterol in the serum. The hydrogen peroxide reacts 

with 4-aminoantipyrine and phenol in the presence of peroxidase enzyme and leads to formation 

of red colored compound quinone. 
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Reagent 1 

Pipes buffer, pH at 6.95    50 mmol/L 

Phenol       24 mmol/L 

Sodium chlorate     0.5 mmol/L 

Reagent 2 

4-Aminoantipyrine     0.5 mmol/L 

Peroxidase      ≥1000 U/L 

Cholesterol oxidase     ≥250 U/L 

Cholesterol esterase     ≥30 U/L 

Standard 

Cholesterol      200 mg/dL, 2 g/L, 5.17 mmol/L 

Procedure 

Reagent 2 was dissolved in reagent 1 to prepare the working reagent. Test tubes were then taken 

and labeled as test, standard and blank. 1 mL of working reagent was taken in each tube and 10 

µL of sample, standard and distilled water were added to them. The reagents were properly 

mixed by gentle shaking and incubated at room temperature for 5 minutes. Measurement of the 

absorbance was done at 500 nm. 
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Calculation 

Calculations were made through the following formula 

		 	200 

2.7.3 Estimation of high density lipoprotein cholesterol (HDL-C) 

Serum HDL-C was measured colorimetrically using kit obtained from Diasys, Diagnostic 

System, Germany. 

Principle 

Magnesium chloride and phosphotungstic acid are added to serum and is then centrifuged to 

collect supernatant containing HDL-C while the LDL-C and VLDL-C are precipitated out. HDL-

C is then reacted with cholesterol reagent; it is thus oxidized to cholestenone and hydrogen 

peroxide through the enzyme, cholesterol oxidase. Hydrogen peroxide formed is directly 

proportional to the amount of HDL-C present in the sample. Hydrogen peroxide reacts with 4-

aminoantipyrine and forms red colored 4-p-(benzoquinone-monoamino)-phenazone. 

Reagents 

Phosphotungstic acid     1.4 mmol/L 

Magnesium chloride     8.6 mmol/L 

Procedure 

Sample (0.2) was taken to which 0.4 mL of HDL precipitant was added. After shaking, the test 

tube was incubated for 10 minutes at room temperature. Later it was centrifuged for 10-15 
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minutes at about 5000 rpm for separation of supernatant. 1 ml of cholesterol reagent was then 

mixed with 0.1 ml (100 µL) of the supernatant and incubated for 15 minutes at room 

temperature. The measurement of absorbance was done at 546 nm. 

Calculation 

Calculation is made with the help of the following relationship 

		 	200 

Cholesterol standard solution    200 mg/dL 

2.7.4 Estimation of triglyceride (TG)  

Serum triglycerides concentration was measured colorimetrically using kit obtained from Elitech 

System, France. 

Principle 

Lipoprotein lipase oxidizes triglycerides into glycerol and fatty acid. The enzyme glycerol kinase 

acts upon glycerol in the presence of ATP and forms glycerol-3-phosphate. The glycerol-3-

phosphate undergoes oxidation by the enzyme glycerol-3-phosphate oxidase to 

dihydroxyacetone phosphate and hydrogen peroxide. The hydrogen peroxide then reacts with 4-

aminoantipyrine and produces a compound quinine, which is red. This reaction is carried out by 

the enzyme peroxidase. 
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Reagents 

Reagent 1, R1 

Pipes buffer pH 7.00    50 mmol/L 

ADPS      0.9 mmol/L 

Magnesium salt    17.8 mmol/L 

Reagent 2, R2 

Lipoprotein lipase    ≥1100 u/L 

Glycerol kinase    ≥450 u/L 

Glycerol-3-phosphate oxidase  ≥5000 u/L 

Peroxidase     ≥350 u/L 

4-aminotryptiline    0.7 mmol/L 

ATP      0.3 mmol/L 

Standard, std 

Glycerol (triglycerides equivalent)  200 mg/dL [or 2 g/dL or 2.28 mmol/L] 

Procedure 

Reagent 2 was dissolved in reagent 1 and the working reagent was prepared. Test tubes were 

labeled as sample, standard and blank. Working reagent (I mL) was taken in all the three test 

tubes to which 10 µL of sample, standard and distilled water were added. The test tubes were 
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gently shaken to mix the solution and incubated for 5 minutes. Absorbance was recorded at 550 

nm. 

Calculation 

		 	200 

2.7.5 Estimation of low density lipoprotein cholesterol (LDL-C) 

Serum low density lipoprotein cholesterol was estimated by using the formula [90] given below 

LDL-Cholesterol (mg/dL) =TC - HDL – Cholesterol - (TG/5) 

2.7.6 Estimation of very low density lipoprotein cholesterol (VLDL-C) 

Very low density lipoprotein cholesterol was estimated by using the Delong’s formula [91] given 

below 

VLDL-Cholesterol (mg/dL) = TG/5 

2.7.7 Estimation of glycosylated hemoglobin (HbA1c) 

Glycosylated hemoglobin was measured colorimetrically by using kit obtained from Human 

Diagnostics, Germany. 

Principle 

A lysing reagent containing borate ions and a detergent are mixed with whole blood. The blood 

sample is hemolysed. The hemolysate obtained is mixed with a weakly binding cation exchange 

for 5 minutes. HbAO gets bound to the resin during this time period. The resin is removed from 

the supernatant fluid containing the HbA1 with the help of a special resin separator. 



 

32 
 

Determination of glycohemoglobin percentage of the total hemoglobin is done through 

measurement of the absorbance of the glycohemoglobin and the total hemoglobin fraction at 415 

nm in comparison to a standard glycohemoglobin preparation carried through the test procedure. 

Reagents 

Reagent: 

Ion exchange resin (provided as prefilled in plastic cups) 

Imidazole buffer (pH 7.6±0.1) 30 mmol/L 

Borate 

Lyse: 

Lysing reagent (pH 7±0.1) 

Borate 

Detergents 

Standard 

For 1.0 mL Glycohemoglobin control (normal) human. 

The standard reconstituted by adding 1.0 mL of the distilled water to it. It was allowed to stand 

for 30 minutes with gentle mixing and was used fresh. 
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sProcedure 

1. A small test tube was taken and 0.5 mL of lyse (buffer) and 100 µL of sample were added to 

it. Both were mixed well and incubated at 15-25 ̊C for about 5-15 minutes till hemolysis took 

place. 

2. A big test tube was taken. 5 mL of distilled water and 20 µL of the hemolysate from the first 

step were added to it and were mixed well. The absorbance was recorded at 415 nm. 

Atotal Hb std/ sample/ control 

3. Pre-filled (resin containing) plastic cups were taken. 100 µL of the hemolysate was added to 

each cup. Later resin separators were inserted in till the rubber sleeve was approximately a 

centimeter above the resin suspension. These plastic cups were then mixed for about 5 

minutes on a hematology mixer. They were mixed properly and the separators were then 

pushed downwards so that the resin was packed firmly. The supernatant fluid was then 

poured down in a cuvette. The absorbance was recorded at 415 nm. 

AHbA1 std/ sample/ control 

Calculation 

Calculation was made according to the relationship 

% HbA1 sample= F x (AHbA1 sample/Atotal Hb sample 

The factor F is calculated as: 

F= Atotal Hb std. x % HbA1 std /AHbA1 std 

The % HbA1 std. was written on the label and was 7%. 
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2.7.8 Estimation of serum adiponectin level 

For serum adiponectin detection on ELISA (Enzyme Linked Immunosorbent Assay) method, 

human adiponectin ELISA kit was provided by Biovendor Research and Diagnostic Products, 

Germany. 

Principle 

In the Biovendor Human Adiponectin ELISA, all the samples, the standards and the quality 

controls are incubated in micro plate wells which are pre-coated with recombinant human 

adiponectin along with polyclonal anti-human adiponectin antibody which has been conjugated 

to horse radish peroxidase (HRP). Washing of the micro plate wells is done after which the 

adiponectin bound HRP conjugate which is immobilized on the wells, reacts with TMB, the 

substrate solution. The reaction is stopped by adding acidic solution to the wells and the 

absorbance of thus formed yellow colored compound is found. This is inversely proportional to 

the quantity of adiponectin. The absorbance values are plotted against adiponectin values of 

standards, and a standard calibration curve is made. The quantities of the samples are measured 

with the help of the standard calibration curve. 

Reagents 

Ready to use assay reagents 

Antigen coated micro titer strips 

Conjugate solution 

Dilution buffer 
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Substrate solution 

Stop Solution 

Assay reagents supplied concentrated 

Human adiponectin standards 

Wash solution 

Wash solution is diluted 10 times in distilled water in order to make a 1 time diluted working 

solution. 

Sample preparation 

Samples should either be assayed when fresh, if stored; they should be kept at -20 ̊C. The thawed 

samples should be mixed thoroughly before analysis. Repeated freeze thaw cycle and hemolysed 

or lipemic samples should be avoided. Samples are diluted 30 times with dilution buffer just 

before the analysis. The samples should be mixed well before assay. Vortex mixing is 

recommended in order to avoid foaming. 

Procedure 

50µL of the diluted samples, standards, quality controls and dilution buffer (=blank) were added 

to their respective wells. 50 µL of conjugate solution was then added to all wells. This plate was 

then incubated for 2 hours at the room temperature while it was being shaken on an orbital micro 

plate shaker at a frequency of 300 rpm. The wells were then washed with wash solution (0.35 

mL per well). It was repeated three times and after the final wash the plate was tapped strongly 

against paper towels after inverting it. 200 µL of the substrate solution was poured into each well 
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and the plate was protected from direct sunlight by covering it with aluminum foil. The plate was 

incubated without shaking about 10-15 minutes at room temperature. The development of color 

was stopped by using stop solution in volume of 50 µL. In the end, the absorbance of the wells 

was determined with the help of a micro plate reader which was already set at 450 nm, with the 

reference wavelength at 630 nm. The absorbance was measured within 5 minutes time span after 

addition of the stop solution. Standard calibration curve was made with the absorbance value of 

the standard adiponectin concentration. The concentrations of samples and quality controls were 

determined and were multiplied by a dilution factor of 10. This was done due to the fact that 

standards were diluted 3 times while the samples and quality controls were diluted 30 times.
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RESULTS 

3.1 Gender wise distribution 

Figure 3.1, 3.2 and 3.3 represent the male and female distribution of the studied groups. The 

male and female distribution of group A and group C are the same while group B has a slightly 

different distribution. 

 

Fig 3.1 Gender wise distribution of group A 

 

Fig. 3.2 Gender wise distribution of group B 
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Fig. 3.3 Gender wise distribution of group C 

3.2 Distribution on the basis of living status 

The urban and rural distribution of the studied groups is given in fig. 3.4, 3.5 and 3.6. Individuals 

in the control group (A) and the group including patients having diabetes mellitus with CHD (C) 

showed a greater proportion living in the urban areas i.e 67% and 55%, respectively. 

 

Fig. 3.4 Distribution on the basis of living status of group A 
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Fig. 3.5 Distribution on the basis of living status of group B 

 

Fig. 3.6 Distribution on the basis of living status of group C 
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3.3 Distribution according to socioeconomic status 

The socioeconomic status was defined as Low (monthly income < Rs. 10,000), Moderate 

(monthly income upto Rs. 20,000) and High (monthly income >Rs. 20,000). The socioeconomic 

status of the three studied groups is shown below. It can be seen that people with moderate 

income are greater in number in all three groups. 

 

Fig. 3.7 Distribution of socioeconomic status in the studied groups 
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3.4 Level of education 

The level of education in the studied groups was categorized as people with no education at all, 

those having done Matric, and those who had completed their Bachelors. 

 

Fig. 3.8 Level of education in the studied groups 
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Table 3.1 Demographic, clinical and biochemical characteristics of group A (control) 

Variables Male (n=36) Female (n=24) p-value 

Age (years) 47.2±5.5 44±4.6 <0.05 

BMI (kg/m2) 27.02±2.02 28.8±3.3 <0.05 

SBP (mmHg) 124.7±7.6 123.1±8.5 NS 

DBP (mmHg) 81.±4.1 80±4.1 NS 

FBG (mg/dL) 86.8±16.7 96.0±12.5 <0.05 

HbA1C (%) 5.2±0.3 5.1±0.41 NS 

TC (mg/dL) 202±29.6 186.6±29.5 NS 

TG (mg/dL) 212.6±54.8 183.1±73.8 NS 

HDL-C(mg/dL) 42.4±8.6 43.5±10.6 NS 

LDL-C(mg/dL) 115.9±29.4 106.1±29.3 NS 

VLDL-C(mg/dL) 43.7±10.4 36.4±14.9 <0.05 

Adiponectin(µg/mL) 11.06±2.5 12.7±2.5 <0.05 

Note: P value <0.05 was considered as significant, NS non-significant. 
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Table 3.2 Demographic, clinical and biochemical characteristics of group B (patients with 

                 Diabetes) 

Variables Male (n=34) Female (n=26) p-value 

Age (years) 56.1±9.7 56.8±11.3 NS 

BMI (kg/m2) 26.7±3.7 27.1±4.2 NS 

SBP (mmHg) 134.9±19.6 136.9±18.7 NS 

DBP (mmHg) 83.9±9.2 85.5±9.8 NS 

FBG (mg/dL) 190.4±83.9 182.7±83.3 NS 

HbA1C (%) 8.8±1.8 8.1±1.2 NS 

TC (mg/dL) 213.7±36.1 223.6±37.5 NS 

TG (mg/dL) 211.7±68.4 251.7±77.02 <0.05 

HDL-C (mg/dL) 32.4±9.6 39.04±11.3 <0.05 

LDL-C (mg/dL) 137.7±33.4 134.1±36.8 NS 

VLDLC (mg/dL) 42.4±13.4 50.4±15.5 <0.05 

Adiponectin(µg/mL) 3.2±1.3 3.3±1.4 NS 

Note: P value <0.05 was considered as significant, NS non-significant. 
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Table 3.3 Demographic, clinical and biochemical characteristics of group C (diabetics with 

                coronary heart disease) 

Variables Male (n=36) Female (n=24) p-value 

Age (years) 61.8±9.9 58.7±9.1 NS 

BMI (kg/m2) 26.2±3.3 27.9±3.02 NS 

SBP (mmHg) 121.9±29.4 128.5±31.7 NS 

DBP (mmHg) 78.4±17.5 86.04±14.5 NS 

FBG (mg/dL) 191.08±104.5 208.7±111.3 NS 

HbA1C (%) 8.7±1.4 8.8±1.6 NS 

TC (mg/dL) 220.8±43.2 215.3±45.8 NS 

TG (mg/dL) 246.5±58.8 218.1±75.2 NS 

HDL-C(mg/dL) 31.7±8.9 35.04±7.7 NS 

LDL-C(mg/dL) 136.4±43.2 136.7±41.8 NS 

VLDL-C(mg/dL) 49.2±11.7 43.5±15.1 NS 

Adiponectin(µg/dL) 3.02±1.1 3.5±1.1 NS 

Note: P value <0.05 was considered as significant, NS non-significant. 
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Tables 3.1, 3.2 and 3.3 show the demographic, clinical and biochemical characteristics of group 

A (control), group B (subjects with diabetes mellitus) and group C (subjects with diabetes 

mellitus and coronary heart disease), respectively. All data was expressed as mean ± Standard 

deviation. Comparison of the variables was carried out with student’s t test. P <0.05 was 

considered as significant. Each group consisted of 60 participants. Group A (control, table 3.1) 

contained 36 (60%) male participants with a mean age of 47.2±5.5 years and 24 (40%) female 

participants with a mean age of 44±4.6 years. Serum adiponectin level was significantly higher 

in females than in males (12.7±2.5 in females vs. 11.06±2.5 in males, p value =<0.05). The 

female participants also presented with significantly higher BMI (28.8±3.3 vs. 27.02 ±2.02) and 

FBG (96.0±12.5 vs. 86.8±16.7) with p <0.05. Female participants had a higher HDL-C than the 

male participants; however the p value was non-significant. 

Group B (subjects with diabetes mellitus, table 3.2) consisted of 34 (56.6%) male participants 

and 26 (43.3%) female participants. HDL-C (39.04±11.3 in females vs. 32.4±9.6 in males) and 

TG (251.7±77.02 in females vs. 211.7±68.4in males) were significantly higher in female 

participants with p value <0.05. Serum adiponectin level was non-significantly higher in females 

than males (3.3±1.4 in females vs. 3.2±1.3 in males). 

Group C (diabetes with coronary heart disease, table 3.3) consisted of 36 (60%) male participants 

with a mean age of 61.8±9.9 and 24 (40%) female participants with a mean age of 58.7±9.1. 

Female participants showed higher level of serum adiponectin (3.5±1.1 in females vs. 3.02±1.1 

in males) and HDL-C (35.04±8.2 in females vs. 31.7±8.9 in males) but the p value was non-

significant. 
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The questionnaire recorded factors including smoking, alcohol use, physical activity, family 

history of diabetes mellitus, hypertension and family history of hypertension in all participants. 

All these factors increased in frequency in the patients having diabetes mellitus with and without 

CHD while the control group recorded the highest frequency of physical activity. 
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Table 3.4 Comparison of demographic, clinical and biochemical characteristics among the 

                 three groups 

Variables 
Group A 

n=60 

Group B 

n=60 

Group C 

n=60 

Age (years) 46±5.3*¶ 56.4±10.3 60.6±9.7§ 

BMI (kg/m2) 27.7±2.7 26.9±3.9 26.9±3.2 

SBP (mmHg) 124.1±7.9* 135.8±19.08 124.5±30.2§ 

DBP (mmHg) 80.7±5.6* 84.6±9.4 81.5±16.7 

FBG (mg/dL) 90.5±15.7*¶ 187.1±83.07 198.1±106.7 

HbA1C (%) 5.1±0.3*¶ 8.5±1.6 8.7±1.5 

TC (mg/dL) 195.8±30.3*¶ 218.06±36.7 218.6±44.02 

TG (mg/dL) 200.86±64.2*¶ 229.1±74.3 235.1±66.7 

HDL-C(mg/dL) 42.86±9.4*¶ 35.3±10.8 33.05±8.6 

LDL-C (mg/dL) 112.02±29.5*¶ 136.2±34.7 136.5±42.3 

VLDL-C(mg/dL) 40.8±12.8*¶ 45.9±14.8 46.9±13.03 

Adiponectin(µg/mL) 11.7±2.6*¶ 3.2±1.4 3.2±1.1 

Note: *P value <0.05 when group A was compared to group B 

¶ P value <0.05 when group A was compared to group C 

§ P value <0.05 when group B was compared to group C 
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Table 3.4 shows comparison of variables among the different studied groups. The normal 

controls have significantly higher serum adiponectin and HDL-C levels than diabetics with and 

without CHD. The patients having diabetes alone and those diabetics with CHD show 

significantly high FBG, HbA1c, TC and TG levels than the control group. Parameters such as 

glycemic control and lipid profile in diabetics with CHD showed significantly more elevated 

levels than the patient group having only diabetes but with no significant difference. Control 

group showed lower SBP and DBP than the diabetic population with significant p value. 

However; when values of SBP and DBP in control group were compared with diabetics having 

CHD, the results were non-significant. BMI showed no significant difference when the groups 

having controls, diabetics with and without CHD were compared amongst themselves. 
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Table 3.5 Comparison of characteristics between the female participants of the studied 

                 groups 

Variables Group A vs. 

Group B 

Group A vs. 

Group C 

Group B vs. 

Group C 

Age ˂0.001 ˂ 0.001 NS 

BMI NS NS NS 

SBP < 0.05 NS NS 

DBP < 0.05 NS NS 

FBG ˂ 0.001 ˂ 0.001 NS 

HbA1C ˂ 0.001 ˂ 0.001 NS 

TC < 0.05 < 0.05 NS 

TG < 0.05 NS NS 

HDL-C NS < 0.05 NS 

LDL-C < 0.05 < 0.05 NS 

VLDL-C < 0.05 NS NS 

Adiponectin ˂ 0.001 ˂0.001 NS 

P value is significant at < 0.05 and < 0.001 level, NS non-significant. 
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Table 3.6 Comparison of characteristics between the male participants of the studied 

                 groups 

Variables Group A vs. 

Group B 

Group A vs. 

Group C 

Group B vs. 

Group C 

Age ˂0.001 ˂0.001 NS 

BMI NS NS NS 

SBP < 0.05 NS < 0.05 

DBP NS NS NS 

FBG ˂ 0.001 ˂ 0.001 NS 

HbA1C ˂ 0.001 ˂ 0.001 NS 

TC NS < 0.05 NS 

TG NS < 0.05 < 0.05 

HDL-C ˂ 0.001 ˂ 0.001 NS 

LDL-C < 0.05 < 0.05 NS 

VLDL-C NS < 0.05 < 0.05 

Adiponectin ˂ 0.001 ˂0.001 NS 

P value is significant at < 0.05 and < 0.001 level, NS non-significant 
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Gender based comparison of lipid profile and other variables have been carried out for the three 

groups. Table 3.5 shows the comparison of different characteristics in female participants among 

the groups. The female diabetic patients with and without coronary heart disease showed 

markedly elevated levels of FBG, HbA1c and low levels of serum adiponectin (each with p value 

of <0.001), when compared with female control. Moreover, the diabetic females with and 

without CHD also showed significantly high levels of TC and LDL-C than the control females. 

Serum TG levels were significantly higher in diabetic females than the control females 

(p=<0.05). The normal females contained higher HDL-C than diabetic females with coronary 

heart disease with significant p value. The comparison between female counter parts of the two 

patient groups is non-significant, although both contained markedly deranged glycemic control 

and lipid profile. The comparison of BMI remains non-significant in the female participants of 

all groups. Normal females had low SBP and DBP than diabetic females with p value <0.05. 

When compared with diabetic females with CHD, normal females did not show significant 

difference in the level of blood pressure. 

Table 3.6 shows the comparison of different variables in the male participants among the studied 

groups. The diseased male population (group B and group C) possessed significantly higher FBG 

and HbA1c (both with p value of <0.001) while significantly low HDL-C and serum adiponectin 

(both with p value of <0.001), in comparison to the control counter parts. Male diabetic patients 

showed high LDL-C than control males (p value<0.05). The male diabetic patients having CHD 

showed significantly high TC, TG and LDL-C (all with p =<0.05) than normal male population. 

Non-significant comparisons were achieved between male members having diabetes with and 

without CHD except significantly high TG level (p = <0.05) in diabetics with coronary heart 

disease. 
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Table 3.7 Correlation of adiponectin with different parameters in male individuals of the  

                 studied groups (A, B, C) 

Variables Group A (male) Group B (male) Group C (male) 

 r p r p r p 

Age 0.262 0.122 0.170 0.336 0.006 0.974 

BMI -0.457 0.005** 0.036 0.838 -0.064 0.713 

SBP 0.488 0.003** -0.148 0.403 -0.096 0.578 

DBP 0.305 0.071 -0.441 0.009** -0.086 0.616 

FBG 0.097 0.573 -0.596 ˂0.01** -0.332 0.048* 

HbA1C -0.251 0.140 -0.695 ˂ 0.01** -0.818 ˂0.01** 

TC -0.154 0.369 -0.758 ˂ 0.01** 0.036 0.836 

TG -0.537 0.001** -0.747 ˂ 0.01** -0.640 ˂ 0.01** 

HDL-C 0.948 ˂0.01** 0.860 ˂ 0.01** 0.650 ˂ 0.01** 

LDL-C -0.498 0.002** -0.754 ˂ 0.01** 0.067 0.697 

VLDL-C -0.535 0.001** -0.738 ˂ 0.01** -0.643 ˂ 0.01** 

*Significance at 0.05 level, **Significance at 0.01 level 
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Association of adiponectin with various clinical and biochemical variables including lipid profile 

and glycosylated hemoglobin, is established using Pearson correlation coefficient r. Table 3.7 

shows association of serum adiponectin with different variables in the male members of the 

studied population. Adiponectin shows strong negative association with FBG and HbA1c in male 

patients having diabetes mellitus (r -0.596, p=<0.01and r -0.695, p=<0.01) and diabetic males 

with CHD (r -0.332, p=0.048, r -0.818, p=<0.01). Adiponectin was associated positively with 

HDL-C in control and diseased male members with corresponding values r 0.948, p=<0.01 in 

control, r 0.860, p=<0.01 in diabetic males and r 0.650, p=<0.01 in diabetic males with CHD. 

Serum TG level showed a negative association with adiponectin in the male participants with 

correlation coefficient r -0.537, p=0.001 in control, r -0.747, p=<0.01 in group B and r -0.640, 

p=<0.01 in group C. Diabetic males showed a strong negative association of TC with serum level 

of adiponectin (r -0.758, p=<0.01). BMI also showed negative association with adiponectin in 

the entire male population, however it was significant in the control males only (r -0.457, 

p=0.005). 
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Table 3.8 Correlation of adiponectin with different parameters in the female participants  

                 of the studied groups (A, B, C) 

Variables Group A (female) Group B (female) Group C (female) 

 r p r p r p 

Age -0.96 0.654 0.117 0.568 -0.130 0.545 

BMI -0.136 0.526 -0.190 0.354 -0.244 0.251 

SBP -0.089 0.680 0.103 0.617 -0.096 0.654 

DBP -0.167 0.435 0.148 0.471 -0.085 0.694 

FBG 0.258 0.223 -0.497 0.010** -0.874 ˂0.01** 

HbA1C -0.160 0.456 -0.814 ˂0.01** -0.937 ˂ 0.01** 

TC -0.030 0.889 -0.733 ˂ 0.01** -0.423 0.039* 

TG -0.515 0.010* -0.790 ˂ 0.01** -0.669 ˂ 0.01** 

HDL-C 0.988 ˂ 0.01** 0.908 ˂ 0.01** 0.775 ˂ 0.01** 

LDL-C -0.104 0.629 -0.707 ˂ 0.01** -0.367 0.077 

VLDL-C -0.532 0.007** -0.793 ˂ 0.01** -0.668 ˂ 0.01** 

*Significance at 0.05 level, S ** Significance at 0.01 level 
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Table 3.8 shows association of adiponectin with different variables in the female participants of 

the studied population. The female diabetic patients with and without CHD showed strong 

negative association of adiponectin with FBG and HbA1c with correlation coefficient r -0.497, 

p=0.01 and r -0.814, p=<0.01 in group B and r -0.874, p=<0.01 and r -0.937, p=<0.01, 

respectively. Moreover, they also revealed negative association of adiponectin level with TC (r -

0.733, p=<0.01 in group B and r -0.423, p=0.039 in group C), TG (r -0.790, p=<0.01 in group B 

and r -0.669, p=<0.01 in group C) and LDL-C (-0.707, p=<0.01in group B). Female members of 

group A and group C, showed negative association of adiponectin with LDL-C however it was 

not significant. Adiponectin was associated positively with HDL-C in female members of control 

and diseased groups. The association was strongly positive with r 0.988, p=<0.01 in control, r 

0.908, p=<0.01 in diabetic females and r 0.775, p=<0.01 in females having diabetes with CHD. 

The normal females also maintained a strong negative association of adiponectin with TG (r -

0.515, p=0.01). BMI had non-significant negative association with adiponectin in all female 

participants.
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DISCUSSION 

The increasing prevalence of type 2 diabetes mellitus is a global problem. It is responsible for 

above 90% of all diabetes cases and affects 5.1% adult population world over [84]. It is growing 

at the rate of 3% per year and is expected to affect about 330 million people around the world by 

the year 2030 [34]. The commonest complication of diabetes mellitus is coronary heart disease, 

and it is also the top most cause of illness and death throughout the world [50]. People affected 

by diabetes mellitus are more prone to develop coronary heart disease due to accumulation of the 

risk factors which include obesity, hyperglycemia, raised blood pressure and deranged lipid 

profile (including high triglyceride level and low high density lipoprotein cholesterol) [92]. 

Adiponectin is a recently described 30-KDa (kilodalton) protein hormone circulating in high 

concentrations in blood containing different oligomeric forms [6]. Adiponectin has a variety of 

physiological effects. It improves insulin sensitivity, increases the oxidation of free fatty acid in 

skeletal muscles and causes increased synthesis of HDL cholesterol. It also has anti-

inflammatory and anti-atherogenic properties and can be regarded as an anti-diabetic and 

cardioprotective hormone [26]. 

Clinical, pharmacological and genetic studies have described adiponectin as insulin sensitizing 

agent due to its role as a biomarker of peroxisome-proliferator activation receptor γ (PPAR γ) in 

liver [26, 93, 94]. Decreased level of adiponectin is frequently associated with type 2 diabetes 

mellitus [95-97]. 

Adiponectin is cardioprotective due to its ability to: activate peroxisome-proliferator activation 

receptor α (PPARα), to inhibit signaling of nuclear factor кB or to modulate adhesion molecules 

[98]. Hypoadiponectinemia is also associated with coronary heart disease [99-102]. It causes 



 

57 
 

decreased level of HDL cholesterol and increased level of triglycerides because of decreased 

PPAR α activation and increased synthesis of VLDL cholesterol. Insulin resistance, 

hypertriglyceridemia and obesity related with type 2 diabetes, cause increased action of the 

enzyme lipoprotein lipase, further decreasing HDL cholesterol level [103, 104]. 

4.1 Comparison of adiponectin level in the studied population 

Level of serum adiponectin was compared among three groups. High level of adiponectin was 

observed in the healthy controls against very low level in the diseased groups, with a high 

significant difference (p <0.001). It was also observed that the adiponectin level was higher in 

female participants of cases and control groups as compared to the male participants. These 

variations are explained on the basis of gender and also by genetic factors [105, 106]. Same 

results are reported by other studies with significant differences between male and female 

adiponectin levels [107-110]. 

Godaarzi et al [107] compared normal women with diabetic women and stated a significant 

difference of p<0.001 in the level of adiponectin (10.29±1.93 in control women vs. 7.29±1.42 in 

diabetic women). Osei et al [110] have compared three groups consisting of subjects with normal 

glucose tolerance (NGT), subjects having impaired glucose tolerance (IGT) and those with type 

2 diabetes mellitus. They have confirmed the decrease in serum adiponectin level from 

9.61±5.09 in NGT subjects to 6.74±1.95 in diabetic subjects. 

Significant difference was not noted in adiponectin concentration between patients of diabetes 

and those having diabetes with CHD, although the level was slightly lower in cases having both 

(diabetes with CHD) than the ones having diabetes only. Studies are available in which 

adiponectin level is compared between patients of diabetes and diabetic patients having CHD. 
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Saely et al [111] reported highest adiponectin level (12.1±8.3) in subjects with neither diabetes 

nor coronary heart disease, intermediate adiponectin level (9.5±7.3) in subjects with diabetes 

while lowest adiponectin level (6.7±3.8) in subjects having both, diabetes and coronary heart 

disease. The same decreasing trend was reported by Hotta et al [112] and Otsuka et al [113]. On 

the contrary, Zurawska-Klis et al [114] have reported no significant change in adiponectin level 

in patients of type 2 diabetes with and without coronary heart disease. 

4.2 Comparison of lipid profile in the studied population 

Elevated level of circulating TG level and low HDL-C level are well-known risk factors for type 

2 diabetes and for coronary heart disease [115, 67]. HDL-C is atheroprotective mostly due to its 

role in reverse cholesterol transport (RCT), which transfers excess of cholesterol from the tissues 

to HDL for excretion through bile [116]. There are other beneficial actions of HDL-C which 

include anti-oxidant, anti-thrombotic, endothelium protecting and anti-inflammatory actions 

[117]. Oxidized LDL (ox-LDL) particles play atherosclerotic action. These are elevated in type 2 

diabetes and CHD and are very detrimental towards endothelium [118]. Adiponectin level is 

related inversely to serum TG and ox-LDL level while positively to serum HDL-C level [117, 

119, 120]. Adiponectin can decrease TG and TG-VLDL breakdown through increasing 

lipoprotein lipase (LPL) activity in the skeletal muscles and expression of VLDL receptors [121]. 

In our study we found significantly high (p<0.01) HDL-C in control versus type 2 diabetic and 

diabetic patients with CHD. Serum TG and LDL-C, both were significantly low in the control as 

compared to diabetics with and without CHD. The total cholesterol level was significantly low in 

the control than subjects with diabetes and diabetic subjects with CHD. 
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Comparison of type 2 diabetic patients without CHD to those with CHD revealed non-significant 

differences for variables although both showed low HDL-C and high level of TG, LDL-C and 

TC. Studies performed in other parts of the world in populations of different ethnicity have 

confirmed the same results as observed in our study [122-123]. 

Mohan et al [122] observed high level of HDL-C (p<0.001) and low level of TG (p<0.001) 

between control and diabetic subjects. Their results were non-significant for TC and LDL-C, 

though the levels were lower in control than the diabetic subjects. Mojiminiyi et al [124] 

observed non-significant low level of TC and LDL-C, in control than diabetic group, moreover, 

the diabetic group also showed significant high level of TG (p<0.001) and low level of HDL-C 

(p=0.001). 

In different studies lipid profiles between control and patients having CHD with and without 

diabetes mellitus have been compared. Saely et al [111] compared four groups in their study 

including normal control, patients of type 2 diabetes; type 2 diabetic patients with CHD and non-

diabetic patients of CHD. They recorded the lowest level of HDL-C and the highest level of TG 

in the group containing both type 2 diabetes and CHD. The results were highly significant, each 

having p value of <0.001. Rothenbacher et al [125], Schnabel et al [126] and Masuda et al [127] 

also observed the same results. 

4.3 Association of adiponectin with glycosylated hemoglobin and lipid   

      profile in the studied population 

The major etiological feature of type 2 diabetes mellitus is insulin resistance. Hyperglycemia is 

the main diagnostic and prognostic parameter in diabetes [128]. Epidemiologists regard HbA1c 
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reduction to less than 7% as the target value for glycemic control of diabetic patients [129]. 

Adiponectin plays important role in glucose metabolism. Hypoadiponectinemia is being reported 

to occur in patients of type 2 diabetes mellitus in populations belonging to different racial and 

ethnic groups [130]. Administration of thiazolidinedione and pioglitazone (insulin sensitizing 

agents) tends to increase adiponectin level in diabetic patients [123, 131]. The pathway through 

which adiponectin affects glucose metabolism is not clear. However; adiponectin gene (apM1) 

has been found on a diabetes susceptibility locus present on chromosome 3q27. Polymorphisms 

in the gene of adiponectin have also been observed in type 2 diabetes mellitus [132]. 

In this study we found a strong negative association of adiponectin with HbA1c level in all 

members of the diseased groups. The association was highly significant with p value of <0.01 for 

both the groups. Male and female participants of the control group also showed negative 

association of adiponectin and HbA1c; however the p value was non-significant. 

A significant negative association of adiponectin was found with TG level in control, patients 

with type 2 diabetes and diabetic patients with CHD, each with a p value of <0.01. A significant 

negative association of adiponectin with TC was observed in type 2 diabetic patients while LDL-

C showed a negative association with adiponectin in the control and diabetic patients only. These 

results agree with most of the studies performed in other parts of the world. 

Fernandez-Real et al [128] confirmed the same result i.e adiponectin’s negative association with 

TG and HbA1c and its positive association with HDL-C. Luo et al [130] found a negative 

association of HbA1c with adiponectin in Asian Indian females with impaired glucose tolerance 

(IGT) but not in males. In our study the association was the same for both sexes as observed in 

other studies for example those performed by Schulze et al [133], Rasul et al [134], Stejskal et al 
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[135], Katsiki et al [136], Weyet et al [137], Kawamoto et al [138], Vaverkova et al [139] and 

Tabak et al [140]. This strongly supports the hypothesis that increased adiponectin level is 

related with a better metabolic control in type 2 diabetes mellitus leading to improved lipid 

profile and glycemic control. 

Some studies have not observed the negative association of adiponectin with glycosylated 

hemoglobin [141, 142]. Mannucci et al [141] followed patients of type 2 diabetes mellitus for 90 

days and reported association of serum adiponectin level with chronic hyperglycemia through 

HbA1c estimation. They found that the level of serum adiponectin was negatively associated 

with “BMI” (r -0.46; p=<0.01) but not with glycosylated hemoglobin. 

Snijder et al [143] performed a prospective study in the elderly Caucasian males and females and 

associated high level of the hormone, adiponectin with lower risk of development of type 2 

diabetes mellitus. They reported that this association was stronger in female members than male 

members. Other prospective studies have not reported gender based difference in this association 

[144-146]. 

Eynatten et al [147] recorded a positive association of adiponectin with HDL-C (r 0.25; 

p=<0.0001) and a negative association with TG (r -0.21; p=<0.0001) in patients with CHD. They 

concluded that adiponectin is a predictor of atherogenically deranged lipid metabolism and 

coronary heart disease. 

Other prospective studies performed on patients of type 2 diabetes mellitus [148] and normal 

subjects [149] have reported high level of adiponectin with a reduced risk of CHD and have 

partly attributed the finding to positive association of adiponectin with HDL-C. Schulze et al 

[148] performed a Health Professionals Follow-up Study which included 745 diagnosed cases of 
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diabetes mellitus free of CHD at that time. During a 5 year follow up, 89 cases of CHD were 

identified among the study population. This study proved an inverse relation between 

adiponectin and risk of CHD after statistical analysis. 

To our knowledge studies are not available which contradict the beneficial effect of adiponectin 

against type 2 diabetes mellitus. On the other hand, there are studies which contradict the 

cardioprotective role of adiponectin. A meta-analysis has been performed which comprised of 

seven prospective study reports and contained 1313 coronary heart disease cases. It showed no 

association of adiponectin level with a CHD related death [150]. Other studies have reported 

adiponectin to be positively associated with cardiovascular mortality [151, 152]. This 

paradoxical observation  may be explained on the basis of compensatory mechanisms which are 

either chronic or acute on chronic phenomena in order to improve the insulin resistance and fatty 

acid oxidation in patients of CHD with or without diabetes mellitus [81]. 

Our study showed negative association of adiponectin with BMI in both sexes, the significance is 

observed only in control males with r -0.45 and p=0.005. Studies have confirmed this association 

[153, 154]. Statnick et al [155] reported a decrease in expression of apM1 gene in the adipose 

tissue, both subcutaneous and visceral, in human beings, further substantiating this observation. 

Some studies have been unable to confirm any association of adiponectin with BMI [86, 156].
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SUMMARY 

The present study was done to find the association of adiponectin levels with glycosylated 

hemoglobin in patients of type 2 diabetes mellitus with and without coronary heart disease. The 

study comprised of three groups; group A (control), group B (type 2 diabetic patients) and group 

C (type 2 diabetic patients with CHD). Each group consisted of randomly selected 60 

participants. 

The study showed that adiponectin level was slightly lower in males than females. We found 

reduced levels of adiponectin and HDL-C while elevated level of TC, TG and LDL-C in patients 

having type 2 diabetes mellitus with and without coronary heart disease. The comparison of the 

two diseased groups i.e diabetic patients and those diabetics having CHD did not give significant 

differences in adiponectin level, lipid profile and glycemic control. 

Adiponectin level was observed to be negatively associated with FBG, HbA1c and TG and 

positively associated with HDL-C in type 2 diabetic patients with and without coronary heart 

disease. This means that increasing the adiponectin level will lead to decrease in HbA1c and TG 

level and increase in the HDL-C level and vice versa. Adiponectin level was observed to be 

negatively associated with TC and LDL-C in type 2 diabetic patients. Female diabetic subjects 

having type 2 diabetes mellitus also showed a negative association of adiponectin with TC. 

Adiponectin level was negatively associated with BMI but the association was not significant in 

the study groups except healthy male participants. 

 In conclusion, hypoadiponectinemia is associated with type 2 diabetes mellitus with and without 

CHD. Moreover, hypoadiponectinemia in these groups is also associated with an uncontrolled 

glycemic status and deranged lipid profile (especially high TG level and low HDL-C level).



 

 
 

 

 

 

 

 

 

 

REFERENCES



 

64 
 

REFERENCES 

 

1. Robinson K, Prins J, Venkatesh B. Clinical review: adiponectin biology and its role in 

inflammation and critical illness. Crit Care 2011; 15(2): 221-229. 

2. Takemura Y, Walsh K, Ouchi. N. Adiponectin and cardiovascular inflammatory 

responses. Curr Atheroscler Rep 2007; 9(3): 238-243. 

3. Hytest News. Adiponectin. August 2009. Http:// www.hytest.fi. 

4. Berg AH, Scherer PE. Adipose tissue, inflammation and cardiovascular disease. Circ Res 

2005; 96(9): 939-949. 

5. Weidong ZHU, Cheng KKY, Vahoutte PM, Lam KSL, Aimin XU. Vascular effects of 

adiponectin molecular mechanism and potential therapeutic intervention. Clin Sci 2008; 

114: 361-374. 

6. Kadowaki T, Yamuchi T. Adiponectin and adiponectin receptors. Endocr Rev 2005; 26 

(3): 439-451. 

7. Whitehead JP, Richards AA, Hickman IJ, Macdonald GA, Prins JB. Adiponectin- a key 

adipokine in the metabolic syndrome. Diabetes Obes Metab 2006; 8: 264-280. 

8. Yoda-Murakani M, Taniguchi M, Takahashi K, Kawamoto S, Saito K, Choi Miura NH et 

al. Change in expression of GBP28/adiponectin in carbon tetrachloride administered 

mouse liver. Biochem Biophys Res Commun 2001; 285(2): 372-377. 

9. Kaser S, Moschan A, Cayon A, Kaser A, Crespo J, Pons-Romero F et al. Adiponectin 

and its receptors in non-alcoholic steatohepatitis. Gut 2005; 54(1): 117-121. 



 

65 
 

10. Staiger H, Kausch C, Guirguis A, Weisseer M, Maerker E, Stumuoll M et al. Induction of 

adiponectin gene expression in human myotubes by an adipocyte-containing HEK293 

cell culture supernatant. Diabetologia 2003; 46(7): 956-960. 

11. Berner HS, Lyngstadaas SP, Spahr A, Monjo M, Thommesen L, Drevon CA et al. 

Adiponectin and its receptors are expressed in bone-forming cells. Bone 2004; 35(4): 

842-849. 

12. Maeda N, Takahashi M, Funahashi T, Kihara S, Nishizawa H, Kishida K et al. PPAR 

gamma ligands increase expression and plasma concentration of adiponectin, an 

adipocyte derived protein. Diabetes 2001; 50(9): 2094-2099. 

13. Fasshauer M, Kralisch S, Klier M, Lossner U, Bluher M, Klein J, Paschke R. 

Adiponectin gene expression and secretion is inhibited by interleukin-6 in 3T3-L1 

adipocytes. Biochem Biophys Res Commun 2003; 301(4): 1045-1050. 

14. Delporte ML, Funahashi T, Takahashi M, Matsuzawa Y, Brichard SM. Pre- and post-

translational negative effect of beta-adrenoceptor agonists on adiponectin secretion: in 

vitro and in vivo studies. Biochem J 2002; 367: 677-685. 

15. Fasshauer M, Paschke R, Stumvoll M. Adiponectin, obesity and cardiovascular disease. 

Biochimie 2004; 86(11): 779-784. 

16. Nishizawa H, Shimomura I, Kishida K, Maeda N, Kuriyama H, Nagaretani H, Matsuda 

M et al. Androgens decrease  plasma protein adiponectin, an insulin-sensitizing 

adipocyte-derived protein. Diabetes 2002; 51(9): 2734-2741. 

17. Hattori YA, Gross SS, Hattori S, Kasai K. Angiotensin-2 induced oxidative stress elicits 

hypoadiponectinemia in rat. Diabetologia 2005; 48(6): 1066-1074. 



 

66 
 

18. Pajvani UB, Du X, Combs TP, Berg AH, Rajala MW, Schulthess T et al. Structure-

function studies of the adipocyte-secreted hormone Acrp30/adiponectin: Implications for 

metabolic regulation and bioactivity. J Biol Chem 2003; 278(11): 9073-9085. 

19. Pajvani UB, Hawkins M, Combs TP, Rajala MW, Doebber T, Berger JP et al. Complex 

distribution, not absolute amount of adiponectin, correlates with thiazolidinedione 

mediated improvement in insulin sensitivity. J Biol Chem 2004; 279(13): 12152-12162. 

20. Koshimura J, Fujita H, Narita T, Shimotami T, Hosoba M, Yoshioka N et al. Urinary 

adiponectin excretion is increased in patients with overt diabetic nephropathy. Biochem 

Biophys Res Comms 2004; 316(1): 165-169. 

21. Wellen KE, Hotamisligil GS. Obesity-induced inflammatory changes in adipose tissue. J 

Clin Invest 2003; 112(2): 1785-1788. 

22. Ouchi N, Kihara S, Atria Y, Nishida M, Matsuzawa A, Okamota Y et al. Adipocyte-

derived plasma protein, adiponectin, suppresses lipid accumulation and class A scavenger 

receptor expression in human monocyte-derived macrophages. Circulation 2001; 103: 

1057-1063. 

23. Wulster-Radcliffe MC, Ajuwon KM, Wang J, Christian JA, Spurlock ME. Adiponectin 

differentially regulates cytokines in porcine macrophages. Biochem Biophys Res 

Commun 2004; 316(3): 924-929. 

24. Ohashi K, Kihara S, Ouchi N, Kumada M, Fujita K, Hiuge A et al. Adiponectin 

replenishment ameliorates obesity-related hypertension. Hypertension 2006; 47(6): 1108-

1116. 



 

67 
 

25. Matsuda M, Shimmomura I, Sata M, Atria Y, Nishida M, Maeda N et al. Role of 

adiponectin in preventing vascular stenosis. The missing link of Adipo-vascular axis. J 

Biol Chem 2002; 277(40): 37487-37491. 

26. Karastergiou K, Mohamed-Ali V, Jahangiri M, Kaski J. Adiponectin for prediction of 

cardiovascular Risk? Br J Diabetes Vasc Dis 2009; 9(4): 150-154. 

27. Shibata R, Ouchi N, Ito M, Kihara S, Shiojima I, Pimentel DR et al. Adiponectin-

mediated modulation of hypertrophic signals in the heart. Nat Med 2004; 10(12): 1384-

1389. 

28. Shibata R, Sato K, Pimentel DR, Takemura Y, Kihara S, Ohashi K et al. Adiponectin 

protects against myocardial ischemia- reperfusion injury through AMPK- and COX-2 

dependent mechanisms. Nat Med 2005; 11(10): 1096-1103. 

29. Abbasi F, Chu JW, Lamendola C, Mclaughlin T, Hayden J, Reaven GM, Reaven PD. 

Discrimination between obesity and insulin resistance in the relationship with 

adiponectin. Diabetes 2004; 53(3): 585-590. 

30. Tomas E, Tsao TS, Saha AK, Murrey HE, Zhang Cc, Itani Si, Lodish HF, Ruderman NB. 

Enhanced muscle fat oxidation and glucose transport by Acrp30 globular domain: acetyl 

CoA carboxylase inhibition and AMP-activated protein kinase activation. Proc Nat Acad 

Sci USA 2002; 99(25): 16309-16313. 

31. Combs TP, Berg AH, Obici S, Scherer PE, Rossetti L. Endogenous glucose production is 

inhibited by the adipose-derived protein Acrp30. J Clin Invest 2001; 108(12): 1875-1881. 

32. Qi Y, Takahashi N, Hileman SM, Patel HR, Berg AH, Pajvani UB et al. Adiponectin acts 

in the brain to decrease body weight. Nat Med 2004; 10(5); 524-529. 



 

68 
 

33. Williams’s textbook of endocrinology. (12thed). Philadelphia: Elsvier/Saunders, 2011, pp 

1371-1435. ISBN 978-1-4377-0324-5. 

34. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes. Estimates 

for the year 2000 and projections for 2030. Diabetes Care 2004; 27(5): 1047-1053. 

35. International Diabetes Federation. Prevalence estimates of diabetes mellitus [DM], 2010-

MENA IDF. Diabetes Atlas. 2010. International Diabetes Federation. 3-9-2010. 

36. Hakeem R, Fawad A. Diabetes in Pakistan: Epidemiology, determinants and prevention. 

Diabetology 2010; 3(6): 4-16. 

37. Akhter J, Qureshi R, Rahim F, Moosvi S, Rehman A, Jabbar A et al. Diabetes in 

pregnancy in Pakistani women: prevalence and complications in an indigenous South 

Asian community. Diabet Med 1996; 13(2): 189-191. 

38. MN Chatergee, Rana Shinde. Text Book of Medical Biochemistry (seventh edition). Mr. 

YN Arjuna, Jaypee Brothers Medical Publishers, New Delhi, 2007, P 321. 

39. The expert committee on the diagnosis and classification of diabetes mellitus: Report of 

the expert committee on the diagnosis and classification of diabetes mellitus. Diabetes 

Care 2008; 30(1): 555-560. 

40. Sir Stanley Davidson. Davidsonʾs Principles and Practice of Medicine. CRW Edwards; 

IAD Bouchier, C Hanslett, Churchill Livingstone, NY, 1995: 724. 

41. Khardori R, Pauza ME. Type 1 diabetes mellitus: pathogenesis and advances in therapy. 

Int J Diab Dev Countries 2003; 23: 106-119. 

42. Abel M, Krokowski M. Pathophysiology of immune-mediated (type1) diabetes mellitus. 

Bio Drugs 2001; 15(5): 291-301. 



 

69 
 

43. Pinero-Pilano A, Raskin P. Idiopathic type 1 diabetes. J Diabetes Complications 2001; 

15(6): 328-335. 

44. Leahy JL. Pathogenesis of type 2 diabetes mellitus. Arch Med Res 2005; 36(3): 197-209. 

45. Mahler RJ, Adler ML. Type 2 diabetes mellitus: Update on diagnosis, pathophysiology, 

and treatment. J Clin Endocrinol Metab 1999; 84(4): 1165-1171. 

46. Report of a WHO consultation. Definition, diagnosis and classification of diabetes 

mellitus and its complications. WHO/ NCD/ NCS/ 99. 2. 1999. 

47. Tsakiris D, Ioannou K. An underdiagnosed type of diabetes: the MODY syndromes. 

Pathophysiology, clinical presentation and renal disease progression. J Nephrol 2004; 

17(5): 637-641. 

48. Buchanan TA, Xiang A, Kjos SL, Watanabe R. What is gestational diabetes? Diabetes 

Care 2007; 30(2): s105-111. 

49. Genetics in family medicine: The Australian handbook for general practioners. 

Biotechnology Australia, 2007: 2-10. 

50. Nathan MD. Long-term complications of diabetes mellitus. N Engl J Med 1993; 328(23): 

1676-1685. 

51. Wingard DL, Barrett-Connor E, Criqui MH, Suarez L. Clustering of heart disease risk 

factors in diabetic compared to non-diabetic adults. Am J Epidemiol 1983; 22: 79-84. 

52. The expert committee on the diagnosis of diabetes mellitus. Diabetes Care 2003; 26(11): 

3160-3167. 

53. Uses of glycated hemoglobin (HbA1c) in the diagnosis of diabetes mellitus. 

WHO/NMH/CHP/CPM/11.1. 2011. 



 

70 
 

54. Rimmerman CM. Coronary artery disease. Cleveland clinic centre for continuing 

education. 2013. www.clevelandclinic.org/heart. Retrieved on September 2009. 

55. Okrainec K, Banerjee DK, Eisenberg MJ. Coronary artery disease in the developing 

world. Am Heart J 2004; 148(1): 7-15. 

56. Hashmi J. An epidemiological study of heart disease in Pakistan. J Pak Med Assoc 1965; 

15(9): 439-448. 

57. Syed SA, Raza M, Hashmi JA. Establishment of comprehensive research and 

rehabilitation program for persons of various forms of heart disease. Project V R A Pak 

Karachi: National Institute of Cardiovascular Diseases. 1973: 8-66. 

58. Bhopal R, Unwin N, White M, Yallop J, Walker L, Albert KGMM et al. Heterogeneity of 

coronary heart disease risk factors in Indian, Pakistani, Bangladeshi, and European origin 

populations: cross-sectional study. BMJ 1999; 319(7204): 215-220. 

59. Nishtar S. Prevention of coronary heart disease in South Asia. Lancet 2002; 360(9): 

1015-1018. 

60. Jafar TH, Jafary FH, Jessani S, Chaturvedi N. Heart disease epidemic in Pakistan: 

Women and men at equal risk. Am Heart J 2005; 150(2): 221-226. 

61. Homoud MK. Coronary artery disease. Tufts-New England Medical Center. Spring 2008: 

1-13. www.tufts.edu/data/50/636849. Retrieved on 10-9-2012. 

62. Libby P, Theroux P. Pathophysiology of coronary artery disease. Circulation 2005; 111: 

3481-3488. 

63. Williams KJ, Tabas I. The response-to-retention hypothesis of atherogenesis reinforced. 

Curr Opin Lipidol 1998; 9: 471-474. 



 

71 
 

64. Demer LL. Vascular calcification and osteoporosis: inflammatory responses to oxidized 

lipids. Int J Epidemiol 2002; 31: 737-741. 

65. Topol EJ, Yadav JS. Recognition of the importance of embolization in atherosclerotic 

vascular disease. Circulation 2000; 101: 570-580. 

66. Risk factors for coronary heart disease. http://heart uk.org.uk. Retrieved on 28-2- 2012. 

67. Executive summary of the third report of the National Cholesterol Education Programme 

(NCEP): Expert panel on detection, evaluation, and treatment of high blood cholesterol in 

adults (Adult Treatment Panel III). JAMA 2001; 285(19): 2486-2497. 

68. Angina. What is Angina? Different types of angina-Pfizer. www. Pfizer.ca/ 

local/files/en/your health/Angina. Retrieved on 24-3-2013.  

69. Ahmad NS, Salat YS, Hasan SS. Myocardial infarction; streptokinase study on ST-

segment resolution in patients age less than 40 years. Professional Med J 2011; 18(4): 

671-677. 

70. Unstable angina and NSTEMI: Understanding NICE guidance. 2010: 1-12. 

www.nice.org.uk/nicemedia/live/12949/47926/47926. 

71. Zipes DP, Wellens JJH. Sudden cardiac death. Circulation 1998; 98: 2334-2351. 

72. Bateman TM, Prvulovich E. Assessment of prognosis in chronic coronary artery disease. 

Heart 2004; 90(5): v10-15. 

73. Coronary artery disease. Micromedex. www. micromedex. com /products/ samples 

/coronary artey. Retrieved on 10-9-2012. 

74. Davies SW. Clinical presentation and diagnosis of coronary artery disease: Stable angina. 

Brit Med Bull 2201; 59(1): 17-27. 



 

72 
 

75. Coronary artery disease treatment guideline. Cleveland Clinic Centre for Continuing 

Education. 2008-2009. 

76. Barrios V, Huelgas RG, Rodriguez R, Velasco PP. Adiponectin: An emerging 

cardiovascular risk factor. The reference study. Rev Espcardiol 2008; 61(11): 1159-1167. 

77. Li J, Liao C, Su H, Peng Q, Zhang Z, Yang S, Yang Q. The relationship among 

adiponectin, high sensitive C reactive protein and triacylglycerol level in healthy young 

persons. Lipid in health and disease 2011; 10(6): 109-113. 

78. Efimov A, Sokolova L, Sokolov M. Diabetes and coronary heart disease. Diabetologia 

Croatica 2001; 30(4): 115-120. 

79. Solaro PM, Goldberg BR. Lipid management in type 2 diabetes. Clinical Diabetes 2006; 

24(1): 27-32. 

80. Lipid control in type 2 diabetes. The Australian centre for diabetes strategies-approved by 

NHMRC (National Health and Medical Research Council). 16-9-2004. 

81. Sattar N, Nelson SM. Adiponectin, diabetes and coronary heart disease in older persons: 

unraveling the paradox. J Clin Endocrinol Metab 2008; 93(9): 3299-3301. 

82. Maeda M, Shimmomura I, Kishida K, Nishizawa H, Matsuda M, Nagaretani H et al. 

Diet-induced insulin resistance in mice lacking adiponectin/ACRP 30. Nat Med 2002; 

8(6): 731-737. 

83. Wannamethee SG, Lowe GD, Runley A, Cherry L, WhincupPh, Sattar N. Adipokines 

and risk of type 2 diabetes in older men. Diabetes Care 2007; 30(5): 1200-1205. 

84. Wagner JA, Wright EC, Ennis MM, Prince M, Kochan J, Nunez DJR et al. Utility of 

adiponectin as a biomarker predictive of glycemic efficacy is demonstrated by 



 

73 
 

collaborative pooling of data from clinical trials conducted by multiple sponsors. Clin 

Pharmacol Ther 2009; 86(6): 619-625. 

85. Bajaj M, Suraamornkul S, Piper P, Hardies LJ, Glass L, Cersosimo E et al. Decreased 

plasma adiponectin concentrations are closely related to hepatic fat content and hepatic 

insulin resistance in pioglitazone-treated type 2 diabetic patients. J Clin Endocrinol 

Metab 2004; 89(1): 200-206. 

86. Wolfson N, Ganish D, Boaz M, Shargorodsky M. Relation of adiponectin to glucose 

tolerance states, adiposity and cardiovascular risk factor load. Exp Diabetes Res 2012; 

VOL 2012: 1-5. 

87. Tan KCB, Xu A, Chow WS, Lam MC, Ai VH, Tam SC, Lam KS. Hypoadiponectinemia 

is associated with impaired endothelium-dependent vasodilatation. J Clin Endocrinol 

Metab 2004; 89(2): 765-769. 

88. Shargorodsky M, Boaz M, Gold-berg Y, Matz Z, Gavish D, Fux A, Wolfson N. 

Adiponectin and vascular properties in obese patients: Is it a novel biomarker of early 

atherosclerosis. Int J Obes 2009; 33(5): 553-558. 

89. Stork S, Bots ML, Angerer P, Schacky CV, Grobbee DE, Angermann CE, Senfert J. Low 

levels of adiponectin predict worsening of arterial morphology and function. 

Atherosclerosis 2007; 196(2): e147-153. 

90. Friedwald WT, Levy PI, Fredrickson DS. Estimation of concentration of low density 

lipoprotein cholesterol in plasma, without use of the preparative centrifuge. Clin Chem 

1972; 18(6): 449-502. 



 

74 
 

91. Delong DM, Delong ER, Wood PD, Lippet K, Rifkind BM. A comparison of methods for 

the estimation of plasma low and very low density lipoprotein cholesterol. J Am Med 

Assoc 1986; 256(17): 2372-2377. 

92. Jarrett RJ, McCartney P, Keen H. The Bedford Survey: ten year mortality rates in newly 

diagnosed diabetics, borderline diabetics and normoglycemic controls and risk indices for 

coronary heart disease in borderline diabetics. Diabetologia 1982; 22(2): 79-84. 

93. Hsueh WA, Law R. The central role of fat and effect of peroxisome proliferator-activated 

receptor-gamma on progression of insulin resistance and cardiovascular disease. Am J 

Cardiol 2003; 92: 3j-9j. 

94. Combs TP, Wagner JA, Berger J, Doebber T, Wang WJ, Zhang BB et al. Induction of 

adipocyte complement-related protein of 30 kilodaltons by PPAR gamma agonists: a 

potential mechanism of insulin sensitization. Endocrinology 2002; 143(3): 998-1007.  

95. Wang J, Li H, Franco OH. Adiponectin and metabolic syndrome in middle-aged and 

elderly Chinese. Obesity (Silver Spring) 2008; 16(1): 172-178. 

96. Shaibi GQ, Cruz ML, Weigensberg MJ, Toledo-Corral CM, Lane CJ, Kelly IA et al. 

Adiponectin independently predicts metabolic syndrome in overweight Latino youth. J 

Clin Endocrinol Metab 2007; 94(5): 1809-1813. 

97. Deepa M, Farooq S, Deepa R. Prevalence and significance of generalized and central 

body obesity in the urban Asian Indian population in Chennai India (CURES: 47). Eur J 

Clin Nutr 2009; 63(2): 259-267. 

98. Hashimoto N, Kanada J, Nakamura T, Horie A, Kurosawa H, Hashimoto T et al. 

Association of hypoadiponectinemia in men with early onset of coronary heart disease 

and multiple coronary artery stenosis. Metabolism 2006; 55(12): 1653-1657. 



 

75 
 

99. Szmitko PE, Teoh H, Stewart DJ, Verma S. Adiponectin and cardiovascular disease: state 

of the art? Am J Physiol Heart Circ Physiol 2007; 292(4): H1655-H1663. 

100. Lam KS, Xu A. Adiponectin protection of the endothelium. Curr Diabetes Rep 2005; 

5(4): 254-259. 

101. Barnett AH, Dixon AN, Bellary S, Hanif MW, Hare JP, Raymond NT, Kumar RS. Type 

2 diabetes and cardiovascular risk in the UK south Asian community. Diabetologia 2006; 

49(10): 2234-2246. 

102. Kojima S, Funahashi T, Maruyoshi H, Honda O, Sugiyama S, Kawano H et al. Levels of 

adipocyte-derived plasma protein, adiponectin, have a close relationship with atheroma. 

Thromb Res 2005; 115(6): 483-490. 

103. Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeeda K, Kuriyama H et al. Adiponectin an 

adipocyte-derived plasma protein, inhibits endothelial NF-kappaB signaling through a 

cAMP-dependent pathway. Circulation 2000; 102(11): 1296-1301. 

104. Karsuki A, Sumida Y, Urakawa H, Gabazza EC, Murashima S, Matsumoto K et al. 

Plasma levels of adiponectin are associated with insulin resistance and serum levels of 

triglyceride in Japanese metabolically obese, normal-weight men with normal glucose 

tolerance. Diabetes Care 2003; 26(10): 2964-2965. 

105. Lau C, Muniandy S. Novel adiponectin-resistin (AR) and insulin resistance (IRᴀʀ) 

indexes are useful integrated diagnostic biomarkers for insulin resistance, type 2 diabetes 

and metabolic syndrome: a case control study. Cardiovasc Diabetol 2011; 10(8): 1-18. 

106. Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha MK, Boyka EJ et al. Relationship 

of adiponectin to body fat distribution, insulin sensitivity and plasma lipoproteins: 

evidence for independent roles of age and sex. Diabetologia 2003; 46(4): 459-469. 



 

76 
 

 

107. Goodarzi MT, Babaahmadi-Rezaei H, Kadkhodaei M, Haddadinezhad S. Relationship of 

serum adiponectin with blood lipids, HbA1c, and hs-CRP in type II diabetic 

postmenopausal women. J Clin Lab Anal 2007; 21(3): 197-200. 

108. Nayak BS, Ramsingh D, Gooding S, Legall G, Bissram S, Mohammed A, Raychauduri 

A, Sahadeo B et al. Plasma adiponectin levels are related to obesity, inflammation, blood 

lipids and insulin in type 2 diabetic and non-diabetic Trinidadians. Prim Care Diab 2010; 

4(3): 187-192. 

109. Saltevo J, Vanhala M, Kautiainen H, Kumpusalo E, Laakso M. Association of C-reactive 

protein, interleukin-1 receptor antagonist and adiponectin with the metabolic syndrome. 

Mediators Inflamm volume 2007; 2007:1-8. 

110. Osei K, Gaillard T, Schuster D. Plasma adiponectin levels in high risk African-

Americans with normal glucose tolerance, impaired glucose tolerance, and type 2 

diabetes. Obes Res 2005; 13(1): 179-185. 

111. Saely CH, Riseh L, Hoefle G, Rein P, Muendlein A, Marte T et al. Low serum 

adiponectin is independently associated with both the metabolic syndrome and 

angiographically determined coronary atherosclerosis. Clin Chim Acta 2007(1-2); 383: 

97-102. 

112. Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M, Okamoto Y et al. Plasma 

concentrations of a novel, adipose-specific protein, adiponectin, in type 2 diabetic 

patients. Arterioscler Thromb Vasc Biol 2000; 20(6): 1595-1599. 



 

77 
 

113. Otsuka F, Sugiyama S, Kojima S, Maruyoshi H, Funahashi T, Sakamoto T et al. 

Hypoadiponectinemia is associated with impaired glucose tolerance and coronary heart 

disease in non-diabetic men. Circulation 2007; 71(11): 1703-1709. 

114. Zurawska-Klia M, Kasznicki J, Kosmalski M, Smigielski J, Drzewoski J. Adiponectin 

plasma concentration, type 2 diabetes mellitus, cardiovascular diseases and features of 

metabolic syndrome. Diabetologia 2009; 9(2): 81-87. 

115. Bansal S, Buring JE, Rifai N, Mora S, Sacks FM, Ridker PM. Fasting compared with 

non-fasting triglycerides and risk of cardiovascular events in women. JAMA 2007; 

298(3): 299-308. 

116. Lewis GF, Rader DJ. New insights into the regulation of HDL metabolism and reverse 

cholesterol transport. Circ Res 2005; 96(12): 1221-1232. 

117. Wu. Z, Zhao S, Ye H. The beneficial effects of high-density lipoprotein on adipocytes 

may relate to its anti-atherogenic properties. Med Hypothesis 2006; 67(5): 1195-1199. 

118. Plant S, Shand B, Elder P, Scott R. Adiponectin attenuates endothelial dysfunction 

induced by oxidised low-density lipoproteins. DiabVasc Dis Res 2008; 5(2): 120-128. 

119. Diamond Jr FB, Cuthbertson D, Hanna S, Eichier D et al. Correlates of adiponectin and 

the leptin/adiponectin ratio in obese and non-obese children. J Pediatr Endocrinol Metab 

2004; 17(8): 1069-1075. 

120. Basati G, Pourfarzam M, Movahedian A, Samsamshariat SZ, Sarrafzadegan N. Reduced 

plasma adiponectin levels relative to oxidized low density lipoprotein and nitric oxide in 

coronary artery disease patients. Clinics 2011; 66(7): 1129-1135. 



 

78 
 

121. Qiao I, Zou C, Van Der Westhuyzen DR, Shao J. Adiponectin reduces plasma 

triglyceride by increasing VLDL triglyceride catabolism. Diabetes 2008; 57(7): 1824-

1833. 

122. Mohan V, Deepa R, Pradeepa R, Santhanakrishnan V, Mohan A, Velmurugan K, Radha 

V. Association of low adiponectin levels with the metabolic syndrome-the Chennai 

Urban Rural Epidemiology Study (CRUES-4). Metabolism 2005. 54(4); 476-481. 

123. Yu JG, Javorschi S, Hevener AL, Kruszynska YT, Norman RA, Sinha M, Olefsky JM. 

The effect of Thiazolidinediones on plasma adiponectin levels in normal, obese, and type 

2 diabetic subjects. Diabetes 2002; 51(10): 2968-2974. 

124. Mojiminiyi OA, Abdella NA, Arouj MA, Nakhi AB. Adiponectin, insulin resistance and 

clinical expression of the metabolic syndrome in patients with type 2 diabetes. Int J 

Obesity 2007; 31: 213-220. 

125. Rothenbacher D, Brenner H, Marz W, Koenig W. Adiponectin, risk of coronary heart 

disease and correlations with cardiovascular risk markers. Eur Heart J 2005; 26(16): 

1640-1646. 

126. Schnabel R, Messow CM, Lubos E, Espinola-Klein C, Rupprecht HJ, Bickel C et al. 

Association of adiponectin with adverse outcome in coronary artery disease patients: 

results from the AtheroGene study. Eur Heart J 2008; 29(5): 649-657. 

127. Masuda D, Sugimoto T, Tsujii K, Inagaki M, Nakatani K, Yuasa-Kawase M, Tsubakio-

Yamamoto K et al. Correlations of fasting serum apolipoprotein B-48 with coronary 

artery disease prevalence. Eur J Clin Invest 2012; 42(9): 992-999. 



 

79 
 

128. Fernandez Real J, Botas-Cervero P, Bermano AL, Casamitjana R, Funahashi T, Delgado 

E, Kihara S, Ricart W. Adiponectin is independently associated with glycosylated 

hemoglobin. Eur J Endocrinol 2004; 150(2): 201-205. 

129. Gerstein HC. Fasting versus postload glucose levels: why the controversy? Diabetes Care 

2001; 24(11): i855-i857. 

130. Luo M, Oza-Frank R, Narayan KMV, Gokulakrishnan K, Mohan V. Serum total 

adiponectin is associated with impaired glucose tolerance in Asian Indian females but not 

in males. J Diab Sci Tech 2010; 4(3) 645-650. 

131. Teranishi T, Ohara T, Maeda K, Zenibayashi M, Kouyama K, Hirota Y et al. Effects of 

pioglitazone and metformin on intracellular lipid content in liver and skeletal muscle of 

individuals with type 2 diabetes mellitus. Metabolism 2007; 56(10): 1418-1424. 

132. Li LL, Kang XL, Ran XJ. Association between 45T/G polymorphism of the adiponectin 

gene and plasma adiponectin levels with type 2 diabetes. Clin Exp Pharmacol Physiol 

2007; 34(12): 1287-1290. 

133. Schulze MB, Rimm EB, Shai I, Rifai N, Hu FB. Relationship between adiponectin and 

glycemic control, blood lipids, and inflammatory markers in men with type 2 diabetes. 

Diabetes Care 2004; 27(7): 1680-1687. 

134. Rasul S, Iihan A, Reiter MH, Baumgartner-Parzer S, Kautzky-willer A. Relations of 

adiponectin to levels of metabolic parameters and sexual hormones in elderly type 2 

diabetic patients. Gender Medicine 2011; 8(2): 93-102. 

135. Stejskal D, Ruzicka V, Adamovska S, Jurakova R, Proskova J, Jedelsky L, Bartek J. 

Adiponectin concentrations as a criterion of metabolic control in persons with type 2 

diabetes mellitus? Biomed Papers 2003; 147(2): 167-172. 



 

80 
 

136. Katsiki N, Mikhailidis DP, Gotzamani-Psarrakou A, Didangelos TP, Yovos JG, 

Karamitsos DT. Effects of improving glycemic control with insulin on leptin, 

adiponectin, ghrelin and neuropeptide Y levels in patients with type 2 diabetes mellitus: a 

pilot study. Open Cardiovasc Med J 2011; 5(6): 136-147. 

137. Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Partley RE, Tataranni PA. 

Hypoadiponectinemia in obesity and type 2 diabetes: close association with insulin 

resistance and hyperinsulinemia. J Clin Endocrinol Metab 2001; 86(5): 1930-1935. 

138. Kawamoto R, Tabara Y, Kohara K, Miki T, Kusunoki T, Takayama S, Abe M, Katoh T, 

Ohtsuka N. Relationships between lipid profiles and metabolic syndrome, insulin 

resistance and serum high molecular adiponectin in Japanese community-dwelling adults. 

Lipids Health Dis 2011; 10(79): 1-7. 

139. Vaverkova H, Karasek D, Novotny D, Jackulialova D, Halenka M, Lukes J, Frohlich J. 

Positive association of adiponectin with soluble vascular cell adhesion molecule 

sVCAM-1 levels in patients with vascular disease or dyslipidemia. Atherosclerosis 2008; 

197(2): 725-731. 

140. Tabak AG, Brunner EJ, Miller MA, Karanam S, McTernan PG, Cappuccino FP et al. 

Low serum adiponectin predicts 10-year risk of type 2 diabetes and HbA1c independently 

of obesity, lipids and inflammation-Whitehall II study. Horm Med Res 2009; 41(8): 626-

629. 

141. Mannucci E, Ognibene A, Cremasco F, Dicembrini I, Bardini G et al. Plasma adiponectin 

and hyperglycemia in diabetic patients. Clin Chem Lab Med 2003; 41(9): 1131-1135. 



 

81 
 

142. Krakoff J, Funahashi T, Stehouwer CD, Schalkwijk CG, Tanaka S, Matsuzawa Y et al. 

Inflammatory markers, adiponectin, and risk of type 2 diabetes in the Prima Indian. 

Diabetes Care 2003; 26(61): 1745-1751. 

143. Snijder MB, Heine RJ, Seidell JC, Bouter LM, Stehouwer CDA, Nijpels G et al. 

Associations of adiponectin levels with incident impaired glucose metabolism and type 2 

diabetes in older men and women. Diabetes Care 2006; 29(11): 2498-2503. 

144. Lindsay RS, Funahashi T, Hanson RL, Matsuzawa Y, Tanaka S, Tataranni PA et al. 

Adiponectin and development of type 2 diabetes in the Prima Indian population. Lancet 

2002; 360(9326): 57-58. 

145. Diamon M, Oizumi T, Saitoh T, Kameda W, Hirata A, Yamaguchi H et al. Decreased 

serum levels of adiponectin are a risk factor for the progression to type 2 diabetes in the 

Japanese population: the Funagata study. Diabetes Care 2003; 26(7): 2015-2020. 

146. Snehalatha C, Mukesh B, Simon M, Vishwanathan V, Haffner SM, Ramachandran A. 

Plasma adiponectin is an independent predictor of type 2 diabetes in Asian Indians. 

Diabetes Care 2003; 26(12): 3226-3229. 

147. Eynatten MV, Hamann A, Twardella D, Nawroth PP, Brenner H, Rothenbacher D. 

Relationship of adiponectin with markers of systemic inflammation, atherogenic 

dyslipidemia, and heart failure in patients with coronary heart disease. Clin Chem 2006; 

52(5): 853-859. 

148. Schulze MB, Shai I, Rimm EB, Li T, Rifai N, Hu BF. Adiponectin and future coronary 

heart disease events among men with type 2 diabetes. Diabetes 2005; 54(2): 534-539. 



 

82 
 

149. Zoccali C, Mallamaci F, Tripepi G, Benedetto FA, Cutrupi S, Parlongo S et al. 

Adiponectin, metabolic factors, and cardiovascular events among patients with end-stage 

renal disease. J Am Soc Nephrol 2002; 13(1): 134-141. 

150. Sattar N, Wannamethee G, Sarwar N, Tchernova J, Cherry L, Wallace AM, Danesh J, 

Whincup PH. Adiponectin and coronary heart disease: a prospective study and meta-

analysis. Circulation 2006; 114(7): 623-629. 

151. Pilz S, Mangge H, Wellnitz B, Seelhorst U, Winkelmann BR, Tiran B, Boehm BO. Marz 

W. Adiponectin and mortality in patients undergoing coronary angiography. J Clin 

Endocrinol Metab 2006; 91(11): 4277-4286. 

152. Wannamethee SG, Whincup PH, Lennon L, Sattar N. Circulating adiponectin levels and 

mortality in elderly men with and without cardiovascular disease and heart failure. Arch 

Intern Med 2007; 167(14): 1510-1517. 

153. Ouchi N, Kihara S, Arita Y, Maeeda K, Kuriyama H, Okamoto Y et al. Novel modulator 

of endothelial adhesion molecules: adipocyte-derived plasma protein adiponectin. 

Circulation 1999; 100(25): 2473-2476. 

154. Matsubara M, Maruoka S, Katayose S. Inverse relationship between plasma adiponectin 

and leptin concentrations in normal-weight and obese women. Eur J Endocrinol 2002; 

147(2): 173-180. 

155. Statnick MA, Beavers LS, Conner LJ, Corominola H, Johnson D, Hammond CD et al. 

Decreased expression of apM1 in omental and subcutaneous adipose tissue of humans 

with type 2 diabetes. Int J Exp Diabetes Res 2000; 1(12): 81-88. 



 

83 
 

156. Lenchik L, Register TC, Hsu FC, Lohman K, Nickles BJ, Freedman BI et al. Adiponectin 

as a novel determinant of bone mineral density and visceral fat. Bone 2003; 33(4): 646-

651. 

  



 

84 
 

PUBLICATIONS 

1. Sadaf Durrani, Jasmine Shah, Mudassir Ahmad Khan, M. Rasul Jan. Relationship of 

adiponectin level with glycemic status and lipid profile in type 2 diabetic men. Biomedica 

2013; 29 (Jul-Sept): 131-135. 

2. Jasmine Shah, Muhammad Rasul Jan, Muhammad Naeem Khan, Sadaf Durrani. 

Quantitative determination of fluoxetine in pharmaceuticals and plasma samples using 

Bromatometric method. American Journal of Analytical Chemistry 2012; 3: 828-835. 

doi: 10.4236/ajac.2012.312109. 

3. Jasmine Shah, M. Rasul Jan, Sultan Shah, Sadaf  Durrani. Simultaneous determination of 

ceftriaxone and cefpodoxime proxetil in commercial formulations and spiked human 

plasma using reversed-phase high performance liquid chromatography. American Journal 

of Pharmtech Research 2013; 3(3): 1-15. 

  



 

85 
 

           Annexure-1 

ASSOCIATION OF ADIPONECTIN WITH GLYCOSYLATED HEMOGLOBIN 

IN DIABETICS WITH AND WITHOUT CORONARY HEART DISEASE 

 Date__/__/__ 

Serial No: 

A. Name: _____________________________ B. Age:_________C. Sex:_________ 

D. Education: ___________________________ E. Occupation: ______________________ 

F. Marital Status: _______________________ G. Children:M: ____ F: ____ 

H. Address: ________________________________________________________________ 

PERSONAL HISTORY: 

I. Addiction/Habit: 

1. Smoking Status: 1. Never: ____ 2. Ex: ____ 3. Smoker: ____ 4. No. of cigg/day: ____ 

2. Alcohol Intake: 1. Never: ____2. Ex: ____ 3. Drinker: ____ 4. No. of drinks/day: ___ 

3. Physical Activity: 1. Light: ____________ 2. Moderate: _____________ 3. Heavy: ____ 

4. Any Other: ______________________________________________________________ 

 

J. Present History: 

Diagnosis: 

1. Diabetes Mellitus. NIDDM______       Duration: __________ 

2. CHD _____                                           Duration: __________ 
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3. NIDDM + CHD________                    Duration: __________ 

4. Any Other_____________                   Duration:___________ 

K. Past History: ___________________________________________________________ 

L. Drug History: 

1._____________________ 2.____________________ 3. ________________________ 

4. ____________________ 5. ____________________ 6. _______________________ 

M. Family History: Father: ____________________Mother: ____________________ 

N. GPE (General Physical Examination): 

1. Pulse: ______ /min 2. Blood Pressure:____/____ mmHg 

3. Height: _____ m 4. Weight: ______ Kg 5. BMI: _______Kg/m² 

O. Other Systems: 1. CVS: _________________________ 2. CNS: ___________________ 

3. GIT: _________________________ 4. RESP: __________________ 

P. Lab. Investigations: 

1. Blood Glucose (FBG):____________ 2. HbA1c:_____________ 

3. Total Cholesterol: ________________ 4. HDL-c: ________________ 

5. LDL-c:_______________                     6. VLDL-c: ______________ 

7. Triglyceride: ______________             8. S. Adiponectin: __________ 

9.                                                                10. 
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11.                                                              12. 

13.                                                              14. 

Q. ECG Changes: 

1. Q Wave________________ 2. Non-Q Wave ______________ 3. Type_____________ 

R. History about Stents:                                      No. of Stents: _______________ 

S. Angiography Report: 

1 .One Vessel___________ 2. Two Vessel____________3. Three Vessel___________ 

  

 Y N


