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The research paper investigates the biochemical and insulin resistance 

profiles in Type 2 Diabetes Mellitus (T2DM) patients compared to healthy 

individuals. The study involved 200 subjects, with 100 in each group. 

Significant elevations were observed in fasting blood sugar (FBS), 

glycosylated haemoglobin (HbA1c), and Homeostasis Model Assessment 

of Insulin Resistance (HOMA-IR) in diabetic subjects compared to 

healthy controls. Dyslipidaemia markers such as triglycerides (TG), very 

low-density lipoprotein cholesterol (VLDL-C), and low-density 

lipoprotein cholesterol (LDL-C) were notably elevated, while high-density 

lipoprotein cholesterol (HDL-C) was diminished in diabetic subjects, 

indicating an increased cardiovascular risk. Insulin resistance was 

markedly higher in diabetic subjects, emphasizing its role in T2DM 

pathogenesis. These findings stress the importance of comprehensive 

management strategies targeting glycaemic and lipid control to mitigate 

complications in T2DM patients. 
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INTRODUCTION 

Type 2 Diabetes Mellitus (T2DM) 

stands as a significant contributor to both 

mortality and morbidity worldwide (Yadav 

et.al., 2017). This condition often correlates 

with obesity, leading to insulin resistance 

(Henegar Jr. et al., 2001; Chagnac et.al., 

2003). T2DM primarily results in elevated 

levels of glycated proteins, triggering 

cytokine production associated with long-

term complications such as heightened 

susceptibility to infections and impaired 

wound healing (Benfield et.al., 2007), 

contributing to 5% of global annual deaths 

(Ram Vinod  et al., 2011). Over the past thirty 

years, the global prevalence of Diabetes 

Mellitus has more than doubled (Danaei et.al., 

2011), with an estimated 285 million 

individuals affected in 2010, 90% of whom 

had T2DM (Shaw et al., 2001; Zimmet et al., 

2001). Projections suggest a rise to 439 

million cases globally by 2030, representing 

7.7% of the world's adult population aged 20-

79 years (Shaw et.al., 2010). 

Diabetes Mellitus is characterized as a 

chronic metabolic disorder marked by chronic 

hyperglycaemia and disturbances in 

carbohydrate, fat, and protein metabolism, 

hindering the complete or partial utilization of 

glucose (World Health Organization, 1999). 

Immunological and inflammatory processes 

play pivotal roles in T2DM development and 

progression (Schwarz et.al., 2009). 

Insulin resistance is linked to 

alterations in lipid and lipoprotein 

metabolism, resulting in atherogenic 
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dyslipidaemia and potentially increasing the 

risk of cardiovascular disease (Grundy et.al., 

1997). Dyslipidaemia in obese individuals 

with T2DM and metabolic syndrome is 

characterized by elevated triglycerides, 

reduced HDL-C, increased apo B-100, non-

HDL-C, and small dense LDL and HDL. 

Insulin sensitivity assessed by 

hyperinsulinemia euglycemic clamp 

technique strongly correlates with triglyceride 

concentration (Baldeweg et.al., 2000). 

Lipodystrophy disorders, marked by severe 

insulin resistance and hypertriglyceridemia 

due to VLDL overproduction, represent 

extreme energy storage site loss (Gavrilova 

et.al., 2000). 

Endothelial cell dysfunction ensues 

from insulin resistance, reducing nitric oxide 

production and increasing procoagulant factor 

release, thereby promoting platelet 

aggregation. In an insulin-resistant state, the 

P13K pathway is affected while the MAP 

Kinase pathway remains intact, leading to 

insulin's mitogenic effects on endothelial cells 

and contributing to atherosclerosis (Wu et.al., 

2009; Wang et al., 2003). Various disruptions 

in cellular signaling pathways, such as 

mitochondrial dysfunction and endoplasmic 

reticulum stress, have been associated with 

lipotoxicity. Mediators like reactive oxygen 

species, nitric oxide, ceramide, 

phosphatidylinositol-3-kinase, diacylglycerol, 

and leptin are implicated in promoting these 

lipotoxic effects and accelerating apoptosis 

rates (Wende et.al., 2010). 

MATERIALS AND METHODS 

The blood sampling procedure 

involved collecting samples from subjects in 

plain vials, followed by incubation at 37℃ for 

30 minutes. After clot removal, the remaining 

sample was centrifuged at 3000 rpm for 10 to 

20 minutes to separate the serum. The 

supernatant, containing the serum, was then 

transferred to clean and dry test tubes for 

analysis of fasting blood glucose, lipid 

profile, HbA1C, creatinine, and urea. 

Additionally, a separate procedure was 

conducted for the preparation of hemolysate. 

Blood samples collected in sodium citrate 

vials were centrifuged at 3000 rpm for 15 

minutes to obtain plasma. Packed Cell 

Volume (PCV) was determined, and cells 

were washed thrice with saline before lysing 

with distilled water. After centrifugation, the 

chloroform layer was collected, resulting in a 

clear hemolysate solution utilized for 

glycosylated haemoglobin estimation. The 

study, conducted at the Department of 

Biochemistry, LLRM Medical College, 

Meerut, included 150 individuals: 100 healthy 

and 100 controlled Type 2 diabetic 

individuals under oral hypoglycemic drug 

treatment. Age-matched healthy controls were 

selected, and written consent was obtained 

from all participants. Clinical history and 

previous investigations were compiled in a 

proforma, and ethical measures were strictly 

adhered to throughout the study. Blood 

samples, comprising 5ml, were withdrawn 

from the antecubital vein following overnight 

fasting and collected in plain, fluoride, and 

EDTA vacutainers for biochemical and 

immunological investigations. 

The Estimation of Serum Glucose was 

carried out using the Enzymatic-colorimetric 

GOD-POD method, where glucose oxidase 

(GOD) catalysis the oxidation of glucose to 

gluconic acid and hydrogen peroxide (H2O2). 

The released hydrogen peroxide reacts with 

phenol and 4-Amino antipyrine (4-AAP) in 

the presence of peroxidase, forming a colored 

quinonimine dye. The absorbance of this 

colored dye was measured at 505 nm, directly 

correlating with the glucose concentration in 

the sample. 

For the Estimation of Glycosylated 

Haemoglobin,  Hemolysate (0.3 ml) was 

added to a mixture of 0.18 M HCL in acetone 

(8 ml), and after standing for 15 minutes, 

centrifugation was performed. The 

precipitated globin was washed thrice with 

HCL-acetone mixture and acetone alone to 

remove free glucose. The dissolved globin 

was treated with Tris HCL buffer, followed 

by the addition of phenol and conc. H2SO4. 

The color developed was measured at 480 

nm, with color intensity directly proportional 

to the globin concentration in the range of 5-

30 µg of bound hexose. 
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Additionally, the procedure for 

Estimation of HDL Cholesterol involved the 

separation of HDL cholesterol from serum or 

plasma using a precipitating reagent. The 

clear supernatant obtained was used for HDL 

cholesterol estimation, following incubation 

and subsequent measurement of absorbance at 

505 nm. Calculation of LDL-Cholesterol and 

VLDL Cholesterol was performed using 

Friedwald's Formula (1972), where LDL-c 

was calculated as (TC-HDL-c-VLDL-c), and 

VLDL-c as (TG/5). The reference values for 

LDL-c were up to 190 mg/dl and for VLDL-c 

were 14-31.8 mg/dl. 

Insulin Resistance was determined 

using the homeostasis model assessment 

(HOMA) method, employing the equation: IR 

= (Fasting plasma insulin micro units/L) x 

(Plasma fasting glucose mmol/L)/22.5. It is 

recommended to establish individual normal 

and abnormal values for the assays conducted.  

RESULTS AND DISCUSSION 

Showing the comparative changes 

between biochemical parameters (Figure 1) 

and insulin resistance (HOMA-IR) in group 1 

healthy male and group 2 diabetic male 

(Figure 2).Compares biochemical parameters 

in females (Figure 3) and insulin resistance 

(HOMA-IR) between healthy (Group 1) and 

diabetic (Group 2) females (Figure 4). 

Significant increases were observed in FBS, 

HbA1c, and HOMA-IR (p<0.001) in diabetic 

females. TC, TG, LDL-C, and VLDL-C were 

also significantly elevated (p<0.01),  while 

HDL-C decreased significantly (p<0.01) in 

diabetic females (n=48 and 50, respectively).
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Figure 1: Showing comparative changes of biochemical parameters in Group 1 and Group 2 Male 

Subjects. 
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Figure 2: Showing comparative genomics changes of HBA1c & HOMA-IR in Group 1 and Group 

2 Male Subjects. 

 

 
Figure 3: Showing comparative changes of biochemical parameters in Group 1 and Group 2 

Female Subjects. 

 

 
Figure 4: Showing comparative genomics changes of HBA1c & HOMA-IR in Group 1 and Group 

2 Female Subjects. 

CONCLUSION 

The study, involving 200 subjects divided into 

100 healthy individuals (Group 1) and 100 

controlled Type 2 Diabetes Mellitus (T2DM) 

patients (Group 2), delved into the 

biochemical and insulin resistance profiles. 
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Notably, Group 2 exhibited significant 

elevations (p<0.001) in fasting blood sugar 

(FBS), glycosylated haemoglobin (HbA1c), 

and HOMA-IR compared to Group 1, 

corroborating earlier research findings 

(Bastard et al., 2006; Al-Dhar MHS et al., 

2010; Sheetz et al., 2002). Dyslipidaemia 

markers like triglycerides (TG), very low-

density lipoprotein cholesterol (VLDL-C), 

and low-density lipoprotein cholesterol (LDL-

C) were notably elevated in diabetic subjects, 

while high-density lipoprotein cholesterol 

(HDL-C) was diminished, signifying an 

augmented cardiovascular risk profile (Yach 

et al., 2004; Samatha et al., 2012). Moreover, 

insulin resistance was markedly higher in 

diabetic subjects, underscoring its pivotal role 

in the pathogenesis of T2DM (Fernandez-

Real et al., 2000; Cao et al., 2008). These 

findings underscore the necessity for 

comprehensive management strategies 

targeting glycemic and lipid control to 

mitigate the risk of complications in T2DM 

patients. 
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