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Alterations in Serum Ischemia-Modified Albumin
and Nitric Oxide in Patients with Newly Diagnosed
Type 2 Diabetes Mellitus

ABSTRACT

Objectives: Oxidative stress serves a pivotal role in the onset and advancement of type 2 diabetes
mellitus (T2DM). Ischemia-modified albumin (IMA) and nitric oxide (NO) are biochemical markers
reflecting oxidative imbalance. Their clinical relevance in newly diagnosed T2DM remains incom-
pletely explored.

Methods: This cross-sectional study involved 50 newly diagnosed T2DM patients aged 40-65 years
and 50 healthy controls matched for age and sex. Serum IMA and NO levels were measured using
colorimetric assays. Data were analyzed using independent t-tests after checking normality with the
Kolmogorov-Smirnov test, along with Pearson correlation and multiple linear regression analyses.

Results: Patients with T2DM had significantly higher serum IMA (0.598 + 0.13 absorbance unit (AU)
vs. 0.279 £ 0.07 AU; P < .05) and NO (57.41 + 9.41 umol/L vs. 36.03 + 4.15 pmol/L; P < .05) compared
to controls. No significant correlations were seen between IMA, NO, or glucose parameters. Multiple
linear regression analysis showed that higher levels of IMA and NO were not associated with T2DM
status.

Conclusion: Increased serum IMA and NO levels in newly diagnosed T2DM reflect early oxidative
stress and endothelial alterations. The absence of correlation between glucose parameters and
among themselves indicates distinct but complementary pathophysiological mechanisms. These
findings are exploratory, and larger longitudinal studies are required to determine their clinical or
diagnostic utility.

Keywords: Absorbance units, biomarkers, ischemia-modified albumin, nitric oxide, oxidative stress,
type 2 diabetes mellitus

Introduction

Diabetes mellitus (DM) incorporates metabolic disorders with persistent hyperglycemia
owing to impaired insulin secretion or action.” Uncontrolled glucose leads to basement mem-
brane thickening, lipid accumulation, oxidative injury, and early atherosclerosis, resulting in
micro- and macrovascular complications.? Type 2 DM (T2DM) accounts for nearly 90% of DM
cases and is characterized by insulin resistance and relative insulin deficiency.? Its heightened
presence in younger individuals is connected to obesity, inactivity, and calorie-dense diets.*
Chronic outcomes encompass cardiovascular disease, nephropathy, neuropathy, retinopa-
thy, and stroke.

Oxidative stress is fundamental to diabetic vascular injury, facilitated by excess reactive
oxygen species (ROS), glycation, and reduced nitric oxide (NO) activity.? The ROS-mediated
endothelial dysfunction links hyperglycemia to ischemic injury.°However, ischemia-modified
albumin (IMA) and NO have been studied in T2DM previously; very few studies have focused
on newly diagnosed patients to assess early biochemical alterations before complications
develop, which is the objective of this study.

Ischemia-modified albumin, a manifestation of oxidative stress, forms through N-terminal
albumin transformations that lower its affinity for metals like cobalt and copper.” Increased
IMA occurs in myocardial infarction, stroke, pulmonary embolism, and chronic illnesses,
including renal failure, malignancy, and diabetes.? In T2DM, poor glycemic control and oxida-
tive stress enhance IMA levels, suggesting early vascular dysfunction.’

Nitric oxide, an endothelium-derived relaxing factor, controls vascular tone, permeability,
and platelet aggregation and maintains the antithrombotic balance. Hyperglycemia and
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insulin resistance reduce NO via oxidative pathways, protein kinase C
activation, and advanced glycation products.” Impaired NO contrib-
utes to endothelial injury and diabetic complications."

Dahiya et al'? observed a parallel, but statistically insignificant, rise in
IMA and NO in hypothyroidism, another ROS-driven state. Although
derived from a different disease, this study provided effect size esti-
mates for oxidative biomarkers in a comparable metabolic stress
setting.

Together, diabetes reflects chronic ischemia and oxidative stress,
with IMA denoting ischemic modification and NO reflecting endo-
thelial function. Assessing both parameters simultaneously in
newly diagnosed T2DM may yield deeper insights into early patho-
physiology and oxidative imbalance, without implying diagnostic
utility.

Material and Methods

Ethical clearance from the institutional ethical committee of Pt. B.D.
Sharma, PGIMS, Rohtak, Haryana, India vide No. BREC/Th/20/Bio/05
dated April 2,2021.

Sample Size

The minimum required sample size was determined using data from
Dahiya et al,” who studied hypothyroid patients and reported aver-
age IMA and NO values in 2 groups. Using a 2-tailed test at 5% sig-
nificance and 95% power with equal group allocation, the minimum
sample sizes estimated were 22 (11 per group) for NO and 10 (5 per
group) for IMA. To ensure adequate representation and feasibility,
100 subjects (50 cases and 50 controls) were included.

Fifty newly diagnosed T2DM patients (aged 40-65 years) attend-
ing the Medicine out patient department (OPD) and 50 apparently
healthy age- and sex-matched volunteers were recruited. Type 2 dia-
betes mellitus diagnosis followed ADA 2020 criteria: fasting plasma
glucose = 126 mg/dL, 2-hour postprandial glucose = 200 mg/dL, gly-
cosylated hemoglobin (HbA1c) = 6.5%, or random plasma glucose >
200 mg/dL with typical hyperglycemic symptoms.'?

Exclusion criteria: previously diagnosed diabetes, chronic systemic
diseases (renal, hepatic, cardiac, endocrine, malignancy), and ongo-
ing medication or supplement use.

After obtaining written informed consent, 6 mL of fasting venous
blood was collected aseptically and processed for biochemical

MAIN POINTS

« Newly diagnosed T2DM is associated with increased IMA and
NO levels, suggesting early oxidative stress and endothelial
alterations.

+ Elevated IMA may reflect oxidative modification of albumin
rather than established vascular dysfunction.

+ Increased NO levels suggest altered NO metabolism in early
T2DM, although the underlying mechanisms remain unclear.

- The absence of a significant correlation between IMA and
NO suggests distinct pathophysiological processes in early
disease.

« A combined assessment of IMA and NO provides comple-
mentary insights into oxidative stress, but their clinical utility
remains exploratory and requires further validation.
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testing the same day. Postprandial samples were also analyzed for
glucose. Routine investigations employed standard autoanalyzer
methods; serum IMA and NO were assessed colorimetrically.

IMA estimation: Performed using the albumin-cobalt binding assay.
The concentration of IMA can be determined by adding a known
amount of cobalt(ll) to a serum sample and measuring the unbound
cobalt(ll) using a colorimetric assay with dithiothreitol (DTT). An
inverse relationship exists between albumin-bound cobalt levels and
the intensity of color development. The method involves adding 50
pL of a 1 g/L cobalt chloride solution to 200 pL of patient serum.Then
1 mL of diethyl barbiturate buffer was added, followed by vigorous
mixing and a 10-minute wait for adequate cobalt-albumin binding.
Fifty uL of a 1.5 g/L solution of DTT was then added and mixed. The
assay mixture’s absorbance was recorded at 470 nm, with a blank
prepared under similar conditions except for the omission of DTT.
Results were reported in absorbance units (AU).”

NO estimation: NO was measured colorimetrically using the Griess
reaction. The NO was measured as nitrite, a stable, non-volatile prod-
uct formed from NO. Nitrite reacts with the Griess reagent to form
a purple-colored complex, the absorbance of which was measured
at 546 nm using a colorimeter. Sodium nitrite standards (2.5-60 pM)
were used for calibration.™

Statistical Analysis

Data was analyzed using SPSS version 20. Continuous variables were
presented as mean + SD. Normality of data distribution was assessed
using the Kolmogorov-Smirnov test (K-S test).

An independent-samples t-test was used to compare group means
based on the results of the normality test. Pearson’s correlation analy-
sis was performed to assess relationships between variables.

In addition, multiple linear regression analysis was performed to
evaluate the effect of IMA and NO on T2DM status.

A P value <.05 was considered statistically significant.
Results

Baseline and Anthropometric Characteristics

The study included 50 patients with newly diagnosed T2DM and 50
age- and sex-matched healthy controls. The mean age of cases was
53.4 + 7.6 years, and that of controls was 50.98 + 0.47 years. Gender
distribution was comparable between the groups, with 54% males
and 46% females among cases, and 48% males and 52% females
among controls. Body mass index (BMI) did not differ significantly
between cases (22.36 + 1.92 kg/m? and controls (22.08 + 1.62 kg/
m?). Occupational background, place of residence, and lifestyle hab-
its (smoking, alcohol intake) were comparable across the 2 groups
(Table 1).

Biochemical Parameters

Fasting blood glucose (FBG) and postprandial blood glucose (PPBG)
were significantly elevated in T2DM cases compared to controls (FBG:
149.34 + 20.41 vs. 88.64 £ 12.03 mg/dL, P < .05; PPBG: 264.78 + 32.69
vs. 126.84 + 8.71 mg/dL, P < .05). Serum IMA and NO levels were also
significantly higher in cases than controls (IMA: 0.598 + 0.13 vs. 0.279
+ 0.07 AU, P < .05; NO: 57.41 £ 9.41 vs. 36.03 £ 4.15 umol/L, P < .05)
(Table 2).

The K-S test suggests that the correlation parameters are normally
distributed.
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Table 1. Baseline and Anthropometric Characteristics of Study
Participants

Table 3. Correlations Among Fasting Blood Glucose,
Postprandial Blood Glucose, Ischemia-Modified Albumin, and

Variable Cases (T2DM,n=50) Controls (n=50) Nitric Oxide in Cases

Age (Years) 53.4+7.6 5098 * 0.47 Parameter FBG PPBG IMA NO

Gender, n (%) Male: 27 (54) Male: 24 (48) FBG Pearson correlation 1 0.511**  -0.210
Female: 23 (46) Female: 26 (52) Sig. (2-tailed) - 0.000 0143

BMI (kg/m?) 22.36 £1.92 22.08 +1.62 N 50 50 50

Occupation, n (%) Farmer:15(30) Farmer: 14 (28) PPBG Pearson correlation  0.511** 1 -0.205
Business: 11(22) Business: 13 (26) Sig. (2-tailed) 0.000 - 0153
Corermentieb 714) Cort b 510 : 0 s s

. IMA Pearson correlation  -0.210 -0.205 1

Residence, n (%) Urban: 37 (74) Urban: 38 (76) . .
Rural: 13 (26) Rural: 12 (24) Sig. (2-tailed) 0.143 0.153 -

Personal habits,  Smoking: 9 (18) Smoking: 10 (20) N >0 >0 >0

n (%) Alcohol: 12 (24) Alcohol: 11(22) NO Pearson correlation ~ 0.039 0.200 -0.222
Both: 5 (10) Both: 6 (12) Sig. (2-tailed) 0.788 0163 0.121
None: 24 (48) None: 23 (46) N 50 50 50

AU, absorbance units; BMI, body mass index; FBG, fasting blood glucose;
IMA, ischemia-modified albumin; NO, nitric oxide; PPBG, postprandial
blood glucose; T2DM, type 2 diabetes mellitus.

Correlation Analysis

Among T2DM patients, a significant positive correlation was
observed between FBG and PPBG (r=0.511, P <.01). The IMA showed
a non-significant negative correlation with FBG (r=-0.210, P=.143)
and PPBG (r=-0.205, P=.153). The NO demonstrated weak, non-
significant correlations with FBG (r=0.039, P=.788), PPBG (r=0.200,
P=.163), and IMA (r=-0.222, P=.121) (Table 3).

In the control group, FBG showed a significant positive corre-
lation with PPBG (r=0.302, P < .05). Other correlations among
FBG, PPBG, IMA, and NO were non-significant, indicating that the
associations observed in cases reflect disease-related alterations
(Table 4).

Group Comparisons

Independent group comparisons confirmed the significant differ-
ences in biochemical parameters between T2DM cases and controls.
Mean differences (95% Cl) for FBG, PPBG, IMA, and NO were 60.70
mg/dL (54.04, 67.35), 137.94 mg/dL (128.44, 147.43), 0.31 AU (0.27,
0.36), and 21.37 umol/L (18.48, 24.26), respectively, all with P < .05
(Table 5).

Multiple Linear Regression Analysis

Multiple linear regression analysis, with T2DM status assessed by FBG
and PPBG as dependent variables, revealed no statistically significant
associations with IMA or NO. For FBG, the p-coefficients were —30.78

Table 2. Biochemical Investigations in Patients with Type 2

FBG, fasting blood glucose; IMA, ischemia-modified albumin; NO, nitric
oxide; PPBG, postprandial blood glucose; Sig. (2-tailed), 2-tailed
significance.

Table 4. Correlations Among Fasting Blood Glucose,
Postprandial Blood Glucose, Ischemia-Modified Albumin, and
Nitric Oxide in Controls

Parameter FBG PPBG IMA NO
FBG Pearson correlation 1 0.302* 0.095
Sig. (2-tailed) - 0.033 0.5M
N 50 50 50
PPBG Pearson correlation 0.302* 1 -0.027
Sig. (2-tailed) 0.033 - 0.853
N 50 50 50
IMA Pearson correlation 0.095 -0.027 1
Sig. (2-tailed) 0.51 0.853 -
N 50 50 50
NO Pearson correlation -0.049 -0.081 -0.119
Sig. (2-tailed) 0.737 0.577 0.411
N 50 50 50

FBG, fasting blood glucose; IMA, ischemia-modified albumin; NO, nitric
oxide; PPBG, postprandial blood glucose; Sig. (2-tailed), 2-tailed
significance.

(95% Cl: =72.35, 10.77, P=.14) for IMA and 0.08 (95% Cl: —0.54, 0.71,
P=.78) for NO. For PPBG, the B-coefficients were —48.13 (95% Cl:
—114.75, 18.48, P=.15) for IMA and 0.69 (95% Cl: —0.29, 1.68, P=.16)

Table 5. Group | (Case) and Group Il (Control) Testing
Mean Difference

Diabetes Mellitus and Healthy Controls Variables Group Mean (SD) (95% ClI) P
Cases(T2DM,  Controls FBG | 149.34(20.41) 60.70 (54.04, 67.35) <.05
Parameter n=50) (n=50) P Il 88.64(12.03) 60.70 (54.04,67.35) <.05
Fasting blood glucose 14934 +20.41 88.64 +12.03 <.05 PPBG | 264.78(32.69) 13794 (128.44,147.43) <.05
(mg/dL) Il 126.84 (8.71) 13794 (128.44,147.43) <.05
Postprandial blood 264.78 +32.69 126.84+8.71 <.05 IMA | 0.598 (0.13) 0.31(0.27,0.36) <.05
glucose (mg/dL) I 0.279(0.07) 0.31(0.27,0.36)  <.05
Serum IMA (AU) 0.598+013 0.279%0.07 <.05 NO | 57.41(9.41)  21.37(18.48,24.26) <05
Serum NO (umol/L) 57.41:9.41  36.03+415 <05 " 36.03(415)  21.37(18.48,2426) <05

AU, absorbance units; FBG, fasting blood glucose; IMA, ischemia-modi-
fied albumin; NO, nitric oxide; PPBG, postprandial blood glucose; T2DM,
type 2 diabetes mellitus.

AU, absorbance units; FBG, fasting blood glucose; IMA, ischemia-modi-
fied albumin; NO, nitric oxide; PPBG, postprandial blood glucose; T2DM,
type 2 diabetes mellitus.
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Table 6. Multiple Linear Regression Analysis Taking T2DM
(FBG, PPBG) as Dependent Variables

Dependent Independent

variable variable p-coefficient 95% ClI P
FBG IMA -30.78 (-72.35,10.77) 14
NO 0.08 (-0.54,0.71) .78
PPBG IMA -4813 (-114.75,18.48) 15
NO 0.69 (-0.29,1.68) 16

AU, absorbance units; Cl, confidence interval; FBG, fasting blood glu-
cose; IMA, ischemia-modified albumin; NO, nitric oxide; PPBG, postpran-
dial blood glucose; T2DM, type 2 diabetes mellitus.

for NO, indicating that neither marker independently predicted
hyperglycemia in this cohort (Table 6).

Discussion

Diabetes mellitusis a leading chronic metabolic challenge worldwide,
with a swiftly growing occurrence in both developed and developing
nations. India, in particular, significantly adds to the worldwide bur-
den due to urbanization, lifestyle changes, and genetic susceptibility.
The micro and macrovascular complications of the disease, such as
neuropathy, nephropathy, retinopathy, and cardiovascular ailments,
pose substantial health threats. Sustained hyperglycemia induces
oxidative stress, a critical mechanism leading to endothelial injury
and vascular dysfunction.™

In this study, serum IMA concentrations rose more pronouncedly in
diabetic subjects than in healthy controls, indicating the presence
of early oxidative stress even at the time of diagnosis. IMA has been
cited as a marker in ischemic disorders such as myocardial and cere-
bral ischemia and chronic renal disease.” Structural alterations of
albumin under oxidative or hypoxic stress decrease its metal-binding
capacity, thereby increasing circulating IMA.'® Hyperglycemia-driven
oxidative reactions, such as glucose auto-oxidation and formation of
advanced glycation end products, further intensify this process.'”'®

Recent studies (2022-2024) have consistently reported elevated
IMA levels in patients with T2DM. Ahmed et al'® demonstrated sig-
nificantly increased IMA levels in diabetic individuals, suggesting
enhanced oxidative stress even in early disease. Other studies have
shown that IMA levels may increase with the progression of micro-
vascular complications.?>*' A recent systematic review integrated
with a meta-analysis further confirmed that IMA concentrations are
significantly higher in diabetic patients compared to controls, sup-
porting its role as a marker of oxidative stress.”> However, it is essen-
tial to note that IMA is a non-specific marker and may be increased in
various ischemic and inflammatory conditions.

Serum NO levels were also markedly increased in the present study.
The interpretation of NO changes in diabetes remains complex and
must be approached carefully. Although oxidative stress is typically
associated with endothelial dysfunction, NO levels can fluctuate with
disease stage and underlying biochemical pathways. Under normal
physiological conditions, NO is produced by endothelial NO synthase
(eNOS) and plays a crucial role in maintaining vascular homeostasis.?

In newly diagnosed T2DM, hyperglycemia and oxidative stress
may alter NOS activity, thereby increasing NO production.?*?
Nevertheless, NO quickly reacts with ROS, especially superoxide
anions, to form peroxynitrite, which contributes to both oxidative
and nitrosative stress.?®?’
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Previous studies have reported conflicting results regarding NO
levels in diabetes. While some studies demonstrate increased NO
levels, 28 others report reduced NO bioavailability.*2° These discrep-
ancies may be attributed to differences in disease duration, glycemic
control, genetic factors, and lifestyle influences such as smoking and
diet.>' In addition, few studies have reported associations between
NO and glycemic indices such as fasting glucose and HbA1c, while
others have demonstrated altered NO levels in early diabetes or in
specific populations.?3* Therefore, the increased NO seen in this
study should be interpreted carefully, particularly in the absence of
differentiation between eNOS- and inducible nitric oxide synthase
(INOS)-derived NO.

Correlation analyses in this study showed no statistically significant
associations between IMA, NO, and glycemic parameters. Although
weak correlations were observed, none reached statistical signifi-
cance. Similar findings have been reported by Piwowar et al,® who
observed a correlation of IMA with HbA1c but not with fasting
glucose. Dahiya et al'? also reported non-significant associations
between IMA and NO in another oxidative stress-related condition.
These findings recommend that while oxidative stress markers are
elevated, their direct relationship with glycemic indices may not be
straightforward, particularly in early disease.

Furthermore, the multiple linear regression analysis performed in
this study did not demonstrate significant independent associations
between IMA or NO and fasting or postprandial glucose levels. This
further adds to the interpretation that these biomarkers reflect gen-
eralized oxidative stress rather than direct glycemic dependence in
newly diagnosed T2DM.

The findings of this study collectively demonstrate higher levels of
IMA and NO in newly diagnosed T2DM, reflecting early oxidative and
endothelial alterations. However, the absence of significant corre-
lations and independent associations recommends that these bio-
markers should be interpreted as exploratory indicators of oxidative
stress rather than definitive markers of glycemic status or disease
severity.

Limitations

« The study was performed on a relatively modest sample size
(n=100) from a single center, which may limit generalizability.
Although the final sample exceeded the calculated minimum, it
was primarily based on feasibility considerations.

» Sample size estimation was determined from a non-T2DM popula-
tion, which may affect the precision of effect size estimation, and
the study may be underpowered for correlation analyses.

» The cross-sectional design precludes causal inference, and find-
ings should be interpreted as associations only.

» Potential confounders (e.g., age, BMI, smoking, alcohol use)
were not adjusted in multivariable analysis, which may influence
observed relationships.

» HbA1c was not assessed due to non-availability at the time of the
study, although it is being done routinely now, limiting evaluation
of long-term glycemic status.

« IMA is a non-specific marker, and NO was measured indirectly as
nitrite using the Griess reaction, without differentiation between
eNOS- and iNOS-derived NO, limiting mechanistic interpretation.

« No diagnostic accuracy analyses (e.g., ROC curves) or clinical
outcome assessments were performed, restricting conclusions
regarding clinical utility.
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» No follow-up data were available, limiting assessment of prognos-
tic significance.

« No correction for multiple statistical comparisons was applied,
which may increase the risk of type | error.

This study demonstrates that hyperglycemia-driven oxidative stress
alters albumin’s cobalt-binding capacity, resulting in elevated IMA
levels, along with increased NO concentrations in newly diagnosed
T2DM patients. These findings indicate the presence of early oxida-
tive stress and endothelial alterations at the time of diagnosis.

However, no significant associations were observed between IMA,
NO, and glycemic parameters, and multilinear regression analysis
did not demonstrate independent relationships, suggesting limited
direct linkage with glycemic status in this cohort.

Given the cross-sectional design and the absence of diagnostic
accuracy analysis, the roles of IMA and NO should be interpreted as
exploratory biomarkers of oxidative stress rather than definitive diag-
nostic indicators.

Further large-scale, longitudinal studies that include comprehensive
biomarker profiling and clinical outcomes are required to explore
their pathophysiological and potential clinical relevance.
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