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Abstract: 
Introduction: Type 2 diabetes mellitus (T2DM) is a metabolic disorder that increases the risk of cardiovascular 
complications, often accompanied by dyslipidemia, including elevated total cholesterol, triglycerides, LDL, and 
reduced HDL-C. Ischemia-modified albumin (IMA) and homocysteine (Hcy) are emerging biomarkers associated 
with oxidative stress and endothelial dysfunction in T2DM. This study explores the relationship between lipid 
profile abnormalities, IMA, and serum Hcy levels in T2DM, and their potential role in disease progression and 
cardiovascular risk. 
Material and Methods: This case-control study, conducted in collaboration with Sai Tirupati University, 
Udaipur, and the World College of Medical Sciences, Jhajjar, included 40 Type 2 diabetes patients and 40 healthy 
controls. Ethical approval was granted and informed consent was obtained. After a 12-14 hour fast, blood samples 
were collected for lipid profile, homocysteine (Hcy), and Ischemia Modified Albumin (IMA) analysis, using 
commercially available kits. 
Results: The results of this study showed significantly elevated levels of homocysteine (Hcy) and ischemia-
modified albumin (IMA) in patients with type 2 diabetes mellitus (T2DM). Additionally, all lipid profile 
indicators, including total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL), and very low-
density lipoprotein (VLDL) cholesterol, were significantly higher (p<0.0001), while high-density lipoprotein 
(HDL) levels were notably lower in T2DM patients. A positive correlation was observed between homocysteine 
and IMA levels, highlighting their potential role in the disease's progression and cardiovascular risk. 
Conclusion: This study highlights significant alterations in lipid profile, homocysteine (Hcy), and ischemia-
modified albumin (IMA) levels in type 2 diabetes mellitus (T2DM). Elevated total cholesterol, triglycerides, LDL, 
and VLDL, along with reduced HDL, indicate increased cardiovascular risk. Positive correlations between Hcy 
and IMA suggest their role in oxidative stress and endothelial dysfunction. These biomarkers may aid in 
monitoring disease progression and cardiovascular risk, emphasizing the need for early intervention in 
dyslipidemia management. 
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 
original work is properly credited. 

Introduction

Type 2 Diabetes Mellitus (T2DM) is a chronic 
metabolic disorder characterized by insulin 
resistance and impaired insulin secretion, leading to 
elevated blood glucose levels. It is the most common 
form of diabetes, accounting for over 90% of all 
diabetes cases worldwide. T2DM is associated with 
numerous complications, including cardiovascular 
disease, neuropathy, nephropathy, and retinopathy, 
which can significantly impact the quality of life and 
increase mortality rates.[1] The pathophysiology of 
T2DM involves a complex interplay between 
genetic, environmental, and lifestyle factors, with 
obesity, physical inactivity, and poor dietary habits 
being major risk factors. Additionally, chronic 
hyperglycemia in T2DM contributes to the 
activation of inflammatory pathways and oxidative 

stress, further exacerbating the disease and 
increasing the risk of complications.[2] 
Homocysteine, a sulfur-containing amino acid 
generated during methionine metabolism, is 
typically metabolized through remethylation or 
transsulfuration pathways, processes that are 
dependent on vitamins B6, B12, and folate. 
Disruptions in these pathways or deficiencies in 
these vitamins can result in elevated homocysteine 
levels, which in turn have been implicated in a range 
of diabetic complications.[3] Elevated 
homocysteine levels, or hyperhomocysteinemia, 
have been increasingly recognized as a significant 
factor contributing to the pathogenesis of various 
complications in Type 2 Diabetes Mellitus (T2DM). 
Moreover, hyperhomocysteinemia induces 
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endothelial dysfunction, increases oxidative stress, 
and promotes the formation of atherosclerotic 
plaques by enhancing low-density lipoprotein 
oxidation, thereby increasing the risk of coronary 
artery disease and stroke in diabetic patients. Given 
these pathogenic roles, managing homocysteine 
levels may offer a therapeutic avenue for mitigating 
these complications, with supplementation of B-
vitamins such as folate, vitamin B6, and vitamin B12 
being a potential intervention. However, further 
clinical research is needed to fully understand the 
mechanistic pathways involved and to optimize 
therapeutic strategies for reducing homocysteine 
levels in T2DM patients.[4] Ischemia Modified 
Albumin (IMA) is a modified form of albumin that 
occurs as a result of oxidative stress and ischemic 
conditions, and its role has been increasingly studied 
in the context of type 2 diabetes mellitus (T2DM). 
In T2DM, chronic hyperglycemia leads to an 
imbalance in redox status, contributing to the 
generation of reactive oxygen species (ROS) that 
cause oxidative damage to biomolecules, including 
proteins such as albumin. The modification of 
albumin into IMA reflects this increased oxidative 
stress and is believed to impair the albumin’s ability 
to bind metal ions, particularly cobalt. Elevated 
levels of IMA have been associated with various 
pathological processes, including inflammation, 
endothelial dysfunction, and insulin resistance, all of 
which are central to the development and 
progression of T2DM. Moreover, patients with 
T2DM are at a higher risk for cardiovascular 
diseases (CVD), and studies have demonstrated that 
IMA levels are significantly elevated in individuals 
with T2DM who also exhibit ischemic heart disease. 
This suggests that IMA could serve as a sensitive 
biomarker for detecting subclinical ischemic 
damage and assessing cardiovascular risk in this 
population.[5] The lipid profile plays a critical role 
in the pathophysiology and management of type 2 
diabetes mellitus (T2DM), with dyslipidemia being 
a common and significant complication that 
contributes to the increased cardiovascular risk 
associated with the disease. Serum or plasma total 
cholesterol (TC), high-density lipoprotein-
associated cholesterol (HDL-C), low-density 
lipoprotein-associated cholesterol (LDL-C), and 
total triglycerides are all measured as part of a 
routine lipid profile (TG) (14). Low levels of HDL 
cholesterol and high levels of TG and tiny dense 
LDL are characteristics of the lipid abnormalities 
linked to T2DM. In order to ascertain the 
characteristics of type 2 diabetes mellitus in the 
North Indian population, the current study evaluated 
serum homocysteine, and ischemia modified 
albumin (IMA) and lipid profile in the patients with 
type-2 diabetes mellitus.[6] 

 

 

Materials and Methods 

In conjunction with the Department of Medicine at 
Sai Tirupati University in Udaipur, Rajasthan, and 
the World College of Medical Sciences and 
Research and Hospital in Jhajjar, Haryana, the 
current hospital-based case control research was 
carried out in the Department of Biochemistry. The 
study included 40 Type 2 diabetic patients with 
fasting blood glucose levels greater than >126 
mg/dL as cases (age range of 35 to 60 years) and 40 
healthy volunteers with matching age and gender as 
controls. Patients with chronic illnesses, renal 
disorders, or past clinical therapy were eliminated 
from the instances. 

The Sai Tirupati University in Udaipur, Rajasthan, 
has ethical committee authorised this study 
(STU/IEC/2022/89). Before the sample was 
collected, a written and informed consent was 
obtained from each subject after explaining the 
study's goals and specifics to them. 

Following a 12 to 14-hour fast, 5 ml of venous blood 
was drawn into a plain vial using all aseptic 
techniques, and the serum was separated by 
centrifuging at 3500 rpm for 10 to 15 minutes. The 
participants' lipid profiles were calculated right 
away, and one aliquot was stored at -20°C for the 
estimates. With the help of commercially available 
kits, the serum total cholesterol (TC), triglycerides 
(TG), low-density lipoprotein cholesterol (LDL), 
and high-density lipoprotein cholesterol (HDL) 
were estimated, and VLDL cholesterol was 
calculated using the Friedewald and associates' 
methodology. Homocysteine (Hcy) and Ischemia 
Modified Albumin (IMA) within 1 month of 
collection of samples. Within a month of sample 
collection, homocysteine (Hcy) and ischemia 
modified albumin (IMA) are measured. Utilizing 
control materials purchased from ERBA, Germany, 
internal quality control for each test was carried out. 
By using a commercially available ELISA kit, 
serum homocysteine, and IMA levels were 
determined. 

Statistical Analysis: The Statistical Package for the 
Social Sciences (SPSS) version 23.0 was used to 
conduct the statistical analysis after the data was 
imported into Microsoft Excel. Standard deviations 
and means were used to summarise continuous 
variables. Bar diagrams were used to convey 
graphical data. In order to compare the lipid profile, 
homocysteine (Hcy), and ischemia modified 
albumin (IMA) between type-2 diabetic patients and 
the healthy controls, the Student's independent t-test 
was used. The correlations between the parameters 
were investigated using Pearson's correlation 
coefficient. For all the parameters, the p-value (p < 
0.05) was regarded as statistically significant 

Results 
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The average age of those with type 2 diabetes was 
46.05 ± 46.95 years for healthy controls, 
respectively (Table1). 

In our study, type-2 diabetes mellitus patients were 
divided into two groups: 45% of the females (n = 18) 
and 55% of the males (n = 22). Similar to this, 
among healthy controls, 45% of girls (n=18) and 
55% of males (n=22) were respectively. 

Lipid Profile of the Study Population: When 
compared to healthy controls, individuals with 
type-2 diabetes mellitus had significantly higher 
levels of all lipid profile indicators, including total 
cholesterol (TC), triglycerides (TG), low density 
lipoprotein (LDL) cholesterol, and very low-
density lipoprotein (VLDL) cholesterol 
(p<0.0001). However, patients with type-2 
diabetes mellitus had significantly lower levels of 
high-density lipoprotein (HDL) cholesterol than 
healthy controls (p<0.0001). 

When type-2 diabetes mellitus patients were 
compared to healthy controls, the lipid profile of 

the patients (TC, TG, LDL, and VLDL) 
significantly increased (**p<0.0001). However, 
as compared to the controls, HDL cholesterol was 
considerably lower in patients (**p<0.0001). 

Biomarkers linked to type 2 diabetes mellitus 
(T2DM): When compared to control subjects, the 
blood homocysteine (Hcy) and ischemia modified 
albumin (IMA) levels of patients with type-2 
diabetes mellitus were considerably higher 
(p< 0.0001).  

When T2DM patients were compared to healthy 
controls, the serum levels of homocysteine (Hcy) 
and ischemia-modified albumin (IMA) revealed a 
substantial rise (**p<0.0001) 

Analysis of Correlation: Serum homocysteine 
(Hcy) and ischemia modified albumin (IMA) 
levels of T2DM patients were shown to be 
significantly positively correlated, with a p 
value <0.001** and a r value of 0.55.

 

Figure 1: Sex-wise distribution of patients with T2DM 
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Figure 2: Sex-wise distribution of controls. 

 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure3: Graph showing lipid profiles of T2DM patients and controls 
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Figure 4: Graph showing Homocysteine (Hcy) levels of the T2DM patients and the controls 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5: Graph showing Ischemia modified albumin (IMA) levels of the T2DM patients and the 
controls. 
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Figure 6: Graph depicting Pearson’s correlation coefficient of serum Hcy levels with IMA in T2DM 

patients. There was a significant positive correlation between serum Hcy and serum IMA levels (r= 
0.55, p<0.001) in T2DM patients. 

 
Table 1: Demographic parameters of the patients with T2DM and healthy controls. 

Parameters Cases (n=40) Controls (n=40) 
 
Sex 

Male 22 18 
Female 22 18 

Age (years) (Mean ± SD) 46.05 ± 6.84 46.95 ± 7.01 
 

Table No. 2: Comparison of lipid profile between T2DM patients and the healthy controls 
Parameters Cases 

(Mean ± SD) 
Controls 
(Mean ± SD) 

t-value p-value 

TC (mg/dL) 198.71 ± 28.03 141.98 ± 15.16 11.25 0.0001** 
TG (mg/dL) 164.81 ± 37.21 91.29 ± 21.29 10.84 0.0001** 
HDL (mg/dL) 35.62 ± 4.22 46.67 ± 4.28 -11.61 0.0001** 
LDL (mg/dL) 116.55 ± 24.44 83.67 ± 12.37 7.58 0.0001** 
VLDL (mg/dL) 32.96 ± 7.44 18.25 ± 4.25 10.84 0.0001** 

 
Table 3: Comparison of serum Homocysteine (Hcy) and Ischemia Modified Albumin (IMA) levels 

between T2DM patients and the controls. 
Parameters Cases 

(Mean ± SD) 
Controls 
(Mean ± SD) 

t-value p-value 

Hcy (µmol/L) 11.36± 3.24 6.41± 1.81 8.42 0.0001** 
IMA (mg/mL) 8.84± 2.39 3.34± 1.45 12.42 0.0001** 

 
Table 4 showed a significant positive correlation of serum Hcy levels with serum IMA levels (r= 0.55, 

p<0.001) of T2DM patients. 
Biochemical Parameter IMA (Ischemia Modified Albumin) 

r p 
Hcy (Homocysteine) 0.55 0.001** 

 
Discussion 

Chronic hyperglycemia, numerous organ 
involvement, systemic complications, and 

increased mortality and morbidity are all features 
of the chronic, progressive disease known as 
diabetes mellitus. According to estimates, T2DM 
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accounts for the vast majority of diabetes cases. 
T2DM is often discovered in adulthood and is 
characterised by hyperglycemia linked to 
developing insulin resistance. Beyond 
cardiovascular and cerebrovascular illness, both 
T1DM and T2DM diabetes are closely linked to a 
wide range of additional problems.[7] In total, 80 
people were involved in the study; 40 of them had 
type-2 diabetes mellitus that had been clinically 
diagnosed, and 40 of them were healthy controls 
between the ages of 35 and 60. The mean (±SD) 
ages of people with type 2 diabetes mellitus were 
46.05± 6.84 years and 46.95±  7.01 years, 
respectively. In our study, out of 40 T2DM 
patients, 22 (55%) were men and 18 (45%) were 
women. It has been established that both the lipid 
profile and body fat are crucial indicators of 
metabolic abnormalities, such as dyslipidemia, 
hypertension, diabetes, cardiovascular diseases, 
hyperinsulinemia, etc. People are more likely to 
acquire this condition if their body's lipid levels 
are altered in any way.[8] Diabetes mellitus 
sufferers are clearly at increased cardiovascular 
risk due to abnormal lipid levels. A significant 
risk factor for cardiovascular events in diabetes is 
dyslipidemia. In order to evaluate cardiovascular 
risk in clinical practise, atherogenic indices have 
been employed as important laboratory tests.[8] 
In the prediction of CVD incidence and mortality, 
recent studies have demonstrated that non-high-
density lipoprotein cholesterol and other 
atherogenic indices are comparable to or superior 
to LDL-C alone. The deranged lipid profile in 
T2DM patients revealed dyslipidemia in the 
current study, which was characterised by a 
significant increase in the levels of serum total 
cholesterol (TC), triglycerides (TG), low-density 
lipoprotein (LDL) cholesterol, and very low-
density lipoprotein (VLDL) cholesterol in the 
patients with T2DM (p<0.0001) and a significant 
decrease in the good cholesterol i.e. high-density 
lipoprotein (HDL) cholesterol (p<0.0001) as 
compared with the controls.[9] Samatha P, et al 
[10] and MJ Shahwan et al [11] reported 
significant increases in the levels of serum total 
cholesterol (TC), triglycerides (TG), and low-
density lipoprotein (LDL) cholesterol when 
compared with the controls (p<0.05). 
Furthermore, when comparing the levels of the 
participants' lipid profiles (TC, TG, LDL, VLDL, 
and HDL) to those of their controls, Signorello 
MG, et al. [13], Arora M, et al. [14], Refaat S, et 
al. [15], and Sarbini D, et al. [16] found no 
discernible differences. The "lipid trinity," which 
is characterised by high levels of circulating 
triglyceride-rich particles, decreased synthesis of 
HDL lipoproteins, and increased production of 
atherogenic LDL particles, appears to be present 
in diabetic dyslipidemia. Additionally, early and 
multidistrict atherosclerotic lesions are linked to 
T2DM.[17]  

A proven modifiable risk factor for heart disease, 
elevated homocysteine levels in the blood are 
independent of other significant risk factors such 
high blood pressure, diabetes, elevated 
cholesterol levels, and smoking. Additionally, a 
higher homocysteine level is connected to a 5-
year death rate that is independent of other main 
risk factors and appears to be a stronger (1.9-fold) 
risk factor in type 2 diabetic patients.[18] 
Absolute pooled homocysteine levels were higher 
than those in control participants, according to 
research by Haung T. et al. indicating a significant 
causal link between elevated homocysteine levels 
and the onset of type 2 diabetes.[19] In the present 
study, the serum homocysteine (Hcy) level was 
significantly increased in the patients with type-2 
diabetes mellitus patients when compared with 
the control subjects (p<0.0001). IMA and 
Endothelial cell-specific molecule 1 (endocan) 
play a role in endothelial dysfunction as mediators 
of systemic inflammation and oxidative stress, 
and they are associated with cardiovascular (CV) 
disease and CV mortality. Moreover, endocan and 
IMA were independent risk factors for endothelial 
dysfunction in patients with T2DM. Furthermore, 
cardiovascular diseases are the most important 
reason of the mortality. There is a close 
relationship between serum IMA levels and 
classical atherosclerotic risk factors. At present, 
IMA is also an indicator of widespread 
endothelial damage or ischemia in diabetic 
patients. Diabetic patients without overt 
cardiovascular disease still have higher serum 
IMA levels compared with healthy controls. The 
higher IMA levels in T2DM could point to a 
subclinical vascular disease. When compared to 
the control subjects in the current investigation, 
patients with type 2 diabetes mellitus had 
significantly higher serum IMA levels 
(p< 0.0001).[20] We found that patients with 
type-2 diabetes mellitus had significantly higher 
serum IMA levels than the controls, similar 
studies done by Feng F et al. [21] and Zinellu A 
et al.[22] On the other hand, individuals with 
diabetic nephropathy and controls did not show 
any appreciable variation in IMA levels, 
according to Bilgi M. et al. [23] 

Additionally, we discovered a strong positive 
connection (r=0.55, p<0.001) between the blood 
Hcy and IMA levels of T2DM patients. However, 
Ma SG, et al found no evidence of a significant 
relationship between serum levels of total 
homocysteine (tHcy) and ischemia modified 
albumin (IMA) in individuals with type-2 
diabetes mellitus (p>0.05).[24] 

Conclusion 

Elevated lipid profile, IMA, and serum 
homocysteine (Hcy) levels are linked to type 2 
diabetes mellitus (T2DM) and its complications. 
Dyslipidemia in T2DM, characterized by increased 
total cholesterol, triglycerides, LDL, VLDL, and 
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decreased HDL-C, contributes to atherosclerosis and 
cardiovascular risk. High homocysteine levels 
further exacerbate cardiovascular risk, likely 
through oxidative stress. Elevated Hcy and IMA 
levels may serve as useful biomarkers for 
monitoring disease progression and endothelial 
dysfunction in T2DM, although confounding factors 
must be considered. 

Limitations 

Serum Hcy had a substantial positive connection 
with IMA in the current investigation, and as a 
result, it may be useful in identifying CVD risk in 
T2DM patients. We would want to advise 
estimation of Hcy and IMA in research with 
greater numbers of sample sizes to validate their 
diagnostic efficacy due to the short number of 
sample sizes. 
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