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Abstract 
Background: Oxidative stress is a major contributor to the development and progression of Type 2 Diabetes 
Mellitus (T2DM) and its vascular complications. Biomarkers such as Ischemia-Modified Albumin (IMA) and 
Protein Carbonyl content have emerged as potential indicators of oxidative damage. This study aims to evaluate 
the association between these oxidative stress markers and glycemic control, as measured by glycated 
hemoglobin (HbA1c), in T2DM patients. 
Methods: A cross-sectional analytical study was conducted on 146 patients with confirmed T2DM at a tertiary 
care hospital. Participants were divided into two groups based on HbA1c levels: good control (<7%) and poor 
control (≥7%). Fasting venous blood samples were collected to estimate HbA1c, IMA (via cobalt-albumin 
binding assay), and Protein Carbonyl content (via DNPH spectrophotometric method). Comparative and 
correlation analyses were performed to evaluate the relationships between oxidative stress markers, glycemic 
status, BMI, and diabetes duration. Multivariate regression and ROC curve analyses were conducted to identify 
predictors and diagnostic performance. 
Results: IMA and Protein Carbonyl levels were higher in patients with poor glycemic control (IMA: 0.83 
ABSU, Carbonyl: 3.56 nmol/mg) compared to those with good control (IMA: 0.81 ABSU, Carbonyl: 3.44 
nmol/mg). Duration of diabetes and BMI were also associated with elevated oxidative stress markers. HbA1c 
showed a weak, non-significant correlation with IMA (r = 0.042) and Protein Carbonyl (r = 0.075). However, 
multivariate analysis identified HbA1c, BMI, and disease duration as significant predictors of protein carbonyl 
levels (p < 0.05). ROC analysis revealed moderate diagnostic performance of Protein Carbonyl (AUC = 0.67) in 
identifying poor glycemic control, compared to IMA (AUC = 0.61). 
Conclusion: Protein Carbonyl content is a more reliable indicator of chronic oxidative stress and glycemic 
dysregulation in T2DM than IMA. Its association with HbA1c, BMI, and disease duration supports its use as an 
adjunct biomarker in diabetic risk profiling. IMA, while relevant, may be more reflective of acute ischemic 
episodes and less sensitive to long-term glycemic status. 
Keywords: Type 2 Diabetes Mellitus, Oxidative Stress, Ischemia-Modified Albumin, Protein Carbonyl, 
Glycated Hemoglobin, HbA1c, Biomarkers. 
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Introduction 

Type 2 Diabetes Mellitus (T2DM) is a chronic 
metabolic disorder characterized by insulin 
resistance and persistent hyperglycemia, which 
over time leads to a wide spectrum of 
microvascular and macrovascular complications. 
The global burden of T2DM continues to rise, with 
oxidative stress playing a central role in its 
pathophysiology [1]. Oxidative stress refers to an 
imbalance between the productions of reactive 
oxygen species (ROS) and the antioxidant defense 
systems of the body. Hyperglycemia, through 
multiple pathways such as increased glucose 

autoxidation, mitochondrial dysfunction, and the 
activation of polyol and hexosamine pathways, 
promotes ROS formation [2]. The oxidative 
damage caused by ROS affects various cellular 
structures, including proteins, lipids, and nucleic 
acids, ultimately contributing to endothelial 
dysfunction, atherosclerosis, and diabetes-related 
complications [3]. Among various oxidative stress 
markers, Ischemia-Modified Albumin (IMA) has 
emerged as a novel and sensitive indicator. IMA is 
formed when the N-terminus of albumin undergoes 
structural alteration during ischemic or oxidative 

http://www.ijcpr.com/


 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Naik et al.                                         International Journal of Current Pharmaceutical Review and Research  

734   

stress, reducing its ability to bind transition metals 
like cobalt [4]. Studies have demonstrated 
significantly higher IMA levels in T2DM patients, 
particularly those with poor glycemic control or 
complications such as nephropathy and retinopathy 
[5,6]. Furthermore, a positive correlation has been 
observed between IMA levels and glycated 
hemoglobin (HbA1c), suggesting that IMA may 
reflect the cumulative oxidative burden resulting 
from chronic hyperglycemia [7]. 

Another biomarker gaining attention is protein 
carbonyl content, which represents irreversible 
oxidative modifications to proteins. Protein 
carbonyls are formed by direct oxidation of amino 
acid side chains or through reactions with lipid 
peroxidation products and reducing sugars [8].  

Elevated protein carbonyl levels have been reported 
in diabetic individuals and are closely linked with 
increased HbA1c levels and disease duration, 
underscoring their role in diabetes-induced 
oxidative protein damage [9]. Protein carbonylation 
compromises protein structure and function, 
promoting cellular dysfunction and inflammation, 
and thereby contributing to vascular complications 
[10]. 

The interrelationship between oxidative stress and 
glycemic control is of considerable clinical interest. 
HbA1c, a long-term marker of glycemia, not only 
reflects average blood glucose levels but also 
contributes to the formation of advanced glycation 
end-products (AGEs), which further amplify 
oxidative stress [11]. Elevated HbA1c has been 
associated with increased IMA and protein 
carbonyl content, suggesting that chronic 
hyperglycemia perpetuates oxidative damage 
through both glycation and direct ROS-mediated 
pathways [12]. 

Several studies have explored these associations. 
Thapa et al. found a significant positive correlation 
between IMA and HbA1c in T2DM patients, 
suggesting that IMA is reflective of hyperglycemia-
induced ischemic stress [13]. Similarly, Sharma et 
al. reported elevated protein carbonyl levels in 
diabetics with poor glycemic control, indicating 
their potential as a marker of protein oxidation and 
glycemic burden [14]. While HbA1c remains the 
gold standard for assessing glycemic control, the 
concurrent measurement of oxidative markers may 
provide a more holistic view of disease progression 
and risk of complications [15]. Although HbA1c is 
widely used to monitor glycemic status, it does not 
fully capture the oxidative burden associated with 

poor glucose regulation. Since oxidative stress is a 
key contributor to diabetes complications, early 
identification using sensitive biomarkers like IMA 
and protein carbonyls could enhance risk 
stratification. Moreover, understanding the 
interplay between these markers and HbA1c can 
offer insights into the cumulative metabolic 
damage in T2DM. This study aims to evaluate the 
association between IMA, protein carbonyl content, 
and HbA1c, thereby exploring their potential as 
adjunct markers for oxidative stress in Type 2 
Diabetes Mellitus. 

Methods 

This observational cross-sectional study was 
conducted over a period of six months in the 
Department of Biochemistry at a tertiary care 
hospital. A total of 146 patients diagnosed with 
Type 2 Diabetes Mellitus (T2DM) were enrolled 
through purposive sampling based on predefined 
inclusion and exclusion criteria. Patients aged 
between 35 and 70 years, with a confirmed 
diagnosis of T2DM for at least one year, were 
included. Exclusion criteria comprised individuals 
with type 1 diabetes, acute infections, chronic 
inflammatory diseases, liver dysfunction, renal 
impairment, malignancy, or those on antioxidant 
supplements. After obtaining written informed 
consent, detailed demographic and clinical data 
were recorded using a structured proforma. Fasting 
venous blood samples were collected from all 
participants under aseptic conditions. Glycated 
hemoglobin (HbA1c) levels were measured using 
high-performance liquid chromatography (HPLC). 
Ischemia-Modified Albumin (IMA) levels were 
determined by the albumin cobalt-binding (ACB) 
test using spectrophotometry. Protein carbonyl 
content, an indicator of oxidative protein damage, 
was quantified via the dinitrophenylhydrazine 
(DNPH) spectrophotometric assay.  

Patients were grouped based on glycemic control 
into: Group A (HbA1c < 7%, good control) and 
Group B (HbA1c ≥ 7%, poor control). Statistical 
analysis was performed using SPSS version [insert 
version used]; continuous variables were expressed 
as mean ± standard deviation and categorical 
variables as percentages. Independent t-test and 
ANOVA were applied for intergroup comparisons, 
while Pearson’s correlation was used to assess the 
relationship between oxidative stress markers 
(IMA, protein carbonyl) and HbA1c. A p-value of 
<0.05 was considered statistically significant. 

Results
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Table 1: Baseline Demographic and Clinical Characteristics of the Study Population (n = 146) 
Variable Value / Frequency (%) 
Age (years) 52.05 ± 10.33 
Gender 

 

Male 69 (47.3%) 
 Female 77 (52.7%) 
BMI (kg/m²) 26.06 ± 4.02 
Duration of Diabetes (years) 10.47 ± 5.41 
Systolic BP (mmHg) 133.15 ± 14.84 
Diastolic BP (mmHg) 84.3 ± 9.5 
Smoking Status 

 

Yes 72 (49.3%) 
 No 74 (50.7%) 
Alcohol Use 

 

Yes 64 (43.8%) 
No 82 (56.2%) 
Medication Type 

 

─ Oral Hypoglycemic Agents (OHA) 58 (39.7%) 
─ Insulin 42 (28.8%) 
─ Both (OHA + Insulin) 46 (31.5%) 
 
The mean age of the participants was 52.05 ± 10.33 
years, with a slight female predominance (52.7%).  

The average BMI was 26.06 ± 4.02 kg/m², 
classifying the majority as overweight.  

The mean duration of diabetes was approximately 
10.47 ± 5.41 years, indicating a substantial 
exposure period to hyperglycemia and its 

complications. Nearly half the cohort had a history 
of smoking (49.3%) and 43.8% reported regular 
alcohol consumption. Regarding treatment, 39.7% 
were on oral hypoglycemic agents (OHA) alone, 
28.8% were on insulin monotherapy, and 31.5% 
were using a combination of both, suggesting 
variable disease severity and glycemic control 
strategies across the cohort. 

 
Table 2: Glycemic Status and Blood Glucose Profile 

Glycemic Control Group Fasting Glucose (mg/dL) Postprandial Glucose (mg/dL) HbA1c (%) 
Good Control (HbA1c < 7%) 139.82 185.13 6.61 
Poor Control (HbA1c ≥ 7%) 148.72 191.84 8.03 
 
The poor control group demonstrated higher fasting 
(148.72 mg/dL) and postprandial glucose levels 
(191.84 mg/dL) compared to the well-controlled 
group (139.82 and 185.13 mg/dL, respectively). As 
expected, mean HbA1c was significantly elevated 

in the poor control group (8.03%) relative to the 
good control group (6.61%).  
These findings confirm the classification and 
emphasize the metabolic burden in poorly 
controlled diabetics. 

 
Table 3: Oxidative Stress Markers across Glycemic Groups 

Glycemic Control Group IMA (ABSU) Protein Carbonyl (nmol/mg) 
Good Control (HbA1c < 7%) 0.81 3.44 
Poor Control (HbA1c ≥ 7%) 0.83 3.56 
 
Both markers were higher in the poor glycemic 
control group (IMA: 0.83 ABSU, Carbonyl: 3.56 
nmol/mg) compared to the well-controlled group 
(IMA: 0.81 ABSU, Carbonyl: 3.44 nmol/mg), 
although the difference was modest. This trend 

supports the hypothesis that oxidative stress is 
more pronounced in patients with poor glycemic 
regulation, potentially due to persistent 
hyperglycemia-induced free radical generation and 
reduced antioxidant capacity. 

 
Table 4: Correlation between HbA1c and Oxidative Stress Markers 

Marker Correlation Coefficient (r) p-value 
IMA 0.042 0.6165 
Protein Carbonyl 0.075 0.3674 
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Pearson correlation analysis (Table 4) revealed a 
weak and statistically non-significant positive 
correlation between HbA1c and IMA (r = 0.042, p 
= 0.6165) as well as between HbA1c and Protein 
Carbonyl (r = 0.075, p = 0.3674). While the 
strength of correlation was limited, the direction of 

association remained consistent with oxidative 
stress pathways being potentiated by poor glycemic 
control. These results suggest that while oxidative 
markers do increase with HbA1c, they may also be 
influenced by additional factors such as disease 
duration, obesity, or comorbid conditions. 

 
Table 5: Oxidative Stress Markers by Duration of Diabetes 

Duration of Diabetes IMA (ABSU) Protein Carbonyl (nmol/mg) 
< 5 years 0.79 3.31 
5–10 years 0.82 3.47 
> 10 years 0.84 3.61 
 
Oxidative stress markers were also evaluated across 
different durations of diabetes. Participants with 
>10 years of disease showed the highest levels of 
IMA (0.84 ABSU) and Protein Carbonyl (3.61 
nmol/mg), followed by the 5–10 year group and 

then the <5 year group. This pattern aligns with the 
cumulative nature of oxidative injury in chronic 
hyperglycemia and supports previous findings that 
longer disease duration is a strong predictor of 
oxidative burden and potential complications. 

 
Table 6: Oxidative Stress Markers by BMI Category 

BMI Category IMA (ABSU) Protein Carbonyl (nmol/mg) 
Normal 0.78 3.34 
Overweight 0.82 3.48 
Obese 0.85 3.63 
 
The mean IMA and protein carbonyl levels 
increased progressively with BMI.  
 
Obese patients had the highest values (IMA: 0.85 
ABSU, Carbonyl: 3.63 nmol/mg), followed by 

overweight and normal-weight groups. This 
suggests that adiposity contributes significantly to 
oxidative stress, potentially through low-grade 
chronic inflammation, lipid peroxidation, and 
altered redox homeostasis in obese individuals. 

 
Table 7: Multivariate Regression Analysis for Predictors of IMA and Protein Carbonyls 

Variable Coef (IMA) p-value (IMA) Coef (Carbonyl) p-value (Carbonyl) 
Constant 0.694 0.0000 2.720 0.0000 
HbA1c 0.011 0.3137 0.083 0.0318 
BMI 0.006 0.1567 0.034 0.0185 
Duration 0.004 0.1511 0.023 0.0163 
Age 0.001 0.5172 0.002 0.4238 
Gender (M=1) 0.004 0.6560 -0.017 0.7297 
 
Regression analysis showed that BMI, duration of 
diabetes, and HbA1c were significant independent 
predictors of protein carbonyl content (p < 0.05 for 
all).  
For IMA, however, none of the predictors reached 
statistical significance, although the direction of 

coefficients remained positive. These results 
suggest that oxidative protein damage 
(carbonylation) is more directly influenced by 
metabolic and anthropometric parameters than 
ischemic albumin modification, which may be 
more transient and context-dependent. 

 
Table 8: ROC Curve Analysis of Oxidative Markers for Predicting Poor Glycemic Control 

Marker AUC Cut-off Value Sensitivity (%) Specificity (%) 
IMA 0.61 0.80 60 55 
Protein Carbonyl 0.67 3.40 72 69 
 
Receiver Operating Characteristic (ROC) analysis 
revealed modest diagnostic performance for IMA 
(AUC = 0.61) and slightly better performance for 
protein carbonyls (AUC = 0.67) in predicting poor 
glycemic control (HbA1c ≥ 7%). Sensitivity and 
specificity values for protein carbonyl (72% and 
69%, respectively) suggest potential clinical utility 

as an adjunct biomarker for early oxidative stress 
screening, particularly in settings where HbA1c 
testing may be limited or unavailable. 

Discussion 

This study aimed to evaluate the relationship 
between oxidative stress markers—Ischemia-



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Naik et al.                                         International Journal of Current Pharmaceutical Review and Research  

737   

Modified Albumin (IMA) and Protein Carbonyl 
content—and glycemic control, as measured by 
HbA1c, in patients with Type 2 Diabetes Mellitus 
(T2DM). The findings are analyzed in the context 
of earlier research and pathophysiological 
understanding. The study population had a mean 
age of 52.05 years, a slight female predominance, 
and a mean diabetes duration of over 10 years. 
Nearly half of the participants were smokers, and 
over 40% consumed alcohol. These baseline 
demographics are consistent with other South 
Asian diabetic cohorts reported by Thapa et al. and 
Sharma et al., where middle-aged adults and 
lifestyle-related risk factors were prominent [12]. 
Importantly, the presence of long-standing diabetes 
increases the cumulative burden of oxidative 
damage, setting the foundation for subsequent 
results. 

As expected, patients with poor glycemic control 
(HbA1c ≥ 7%) exhibited higher fasting and 
postprandial glucose levels. This aligns with 
international glycemic threshold guidelines and 
reflects inadequate metabolic control [2]. Glycemic 
variability and chronic hyperglycemia are both 
known to stimulate the production of reactive 
oxygen species (ROS), which leads to oxidative 
tissue damage [3]. The group stratification served 
as a basis for examining downstream oxidative 
stress markers. 

IMA and protein carbonyl levels were marginally 
but consistently elevated in patients with poor 
glycemic control. Similar findings were reported by 
Sridevi et al., who observed significantly higher 
IMA levels in diabetic patients with vascular 
complications, attributing this to ischemia-induced 
oxidative albumin modification [4]. Likewise, 
D’Souza et al. documented increased carbonyl 
content in patients with HbA1c > 8%, reinforcing 
the concept that prolonged hyperglycemia 
accelerates protein oxidation [5]. Although the 
intergroup differences in our study were modest, 
they are directionally consistent with oxidative 
stress theories in T2DM. 

Correlation analysis showed a weak, non-
significant positive relationship between HbA1c 
and both IMA and protein carbonyls. While these 
results contrast with the stronger correlations 
reported by Refaat et al. [6] and Sharma et al. [7] (r 
> 0.7 for HbA1c and carbonyls), this disparity may 
be due to population heterogeneity, smaller effect 
sizes, or confounding lifestyle factors like smoking 
and medication adherence. Nonetheless, the 
direction of the association remains biologically 
plausible. 

Participants with diabetes duration >10 years 
exhibited the highest levels of IMA and protein 
carbonyls. This mirrors the findings of Yaas et al. 
[8] and Piwowar et al. [9], where disease chronicity 

was positively correlated with oxidative damage 
markers. Long-standing diabetes is associated with 
cumulative glycoxidative stress, endothelial 
dysfunction, and mitochondrial inefficiency, all 
contributing to heightened oxidative protein 
modifications. These observations support the time-
dependent progression of oxidative pathology in 
diabetes. IMA and protein carbonyls increased 
progressively from normal BMI to obesity. This 
finding is supported by El-Eshmawy et al. [10], 
who noted that adipose tissue contributes 
significantly to systemic oxidative burden via 
inflammatory cytokines and lipotoxicity. Obese 
diabetic patients may therefore be more prone to 
oxidative complications even at similar glycemic 
levels, emphasizing the additive role of adiposity in 
redox imbalance. 

Regression analysis identified HbA1c, BMI, and 
duration of diabetes as significant independent 
predictors of protein carbonyls, but not IMA. This 
reinforces the idea that carbonylation reflects long-
term, cumulative oxidative damage, while IMA 
may be more transient and affected by acute 
ischemic episodes. These results are aligned with 
the observations of D’souza et al. and Ahmad et al., 
where carbonyl levels tracked more closely with 
metabolic variables [11,12]. 

ROC analysis revealed that protein carbonyls had a 
higher AUC (0.67) than IMA (0.61) for predicting 
poor glycemic control. Although both markers 
showed modest sensitivity and specificity, these 
values are consistent with previous reports by 
Sridevi et al. and Chawla et al., who suggested 
oxidative markers may serve as adjunct tools rather 
than primary diagnostic indices [13,14]. The higher 
predictive value of carbonyls may be attributed to 
their relative biochemical stability and stronger 
association with chronic hyperglycemia. 

Conclusion 

Taken together, the study findings suggest that 
protein carbonyls are more robustly associated with 
glycemic control and disease burden than IMA in 
T2DM. While both markers increase in 
hyperglycemia, carbonylation appears to reflect 
cumulative, long-term oxidative injury, whereas 
IMA may be influenced by acute metabolic 
fluctuations or ischemic episodes. These patterns 
are in line with broader literature and support the 
inclusion of oxidative protein damage markers in 
risk stratification models, especially for identifying 
patients at risk for complications. In contrast to the 
strong associations reported in some earlier works, 
the relatively weaker correlations in this study may 
reflect complex interactions between oxidative 
stress, lifestyle factors, comorbidities, and 
treatment modalities, underscoring the need for 
larger, longitudinal studies to validate these 
biomarkers further. 
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