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ABSTRACT

IntroducƟon: EvaluaƟon of the paƟents who present
to the hospital with a complaint of chest pain or other
signs suggesƟve of acute coronary syndrome (ACS) is Ɵme-
consuming, expensive, anddifficult. Most of the biochemical
markers are negaƟve in early phase acute myocardial
ischemia. Recent literature reports have shown more
interest in a new biochemical marker which is Ischemia-
modified albumin for the detecƟon of myocardial injury.
ObjecƟve: to esƟmate the level of ischemia-modified
albumin (IMA) as a risk factor for cardiovascular disease in
diabetes mellitus paƟents.

Materials and methods: A case-control study was under-
taken with sixty Type-2 diabeƟc paƟents as cases and sixty
non-diabeƟc healthy subjects as controls. Demographic data
(sex, age), an ECG and Biochemical data were collected.
Blood for IMA and HbA1C levels was collected within two
hours of arrival, and IMA risk marker tesƟng was performed
before any heparin/thrombolyƟc treatment was started.
Controlled and uncontrolled diabeƟc paƟents were deter-
mined by the level of their HBA1c and comparison with the
means of IMA level in their serum.

Results: The IMA was significantly increased in diabeƟc
paƟents compared to healthy controls, with cut off value
(0.92 IU/L), and there is also a significant increase in IMA
level in uncontrolled diabeƟc paƟents (Mean ± SD; 240.55
+ 52.5) that presented with acute chest pain and have signs
and symptoms of cardiac ischemia when compared with the
well-controlled diabeƟc paƟents(Mean± SD; 159.8± 60.4).

Conclusion: Ischemic Modified Albumin (IMA) level was
elevated significantly in uncontrolled diabeƟc paƟents with
early signs of early myocardial ischemia. AddiƟonally, IMA
esƟmaƟon may improve our ability to idenƟfy ischaemic
paƟents who are missed by current diagnosƟc strategies, or
more confidently rule out paƟents who do not have ACS.

KEYWORDS: acute coronary syndrome (ACS), ischemia-
modified albumin (IMA), Biomarker, Diabetes Mellitus

INTRODUCTION

EvaluaƟon of the paƟents who present to the hospital
with a complaint of chest pain or other signs or symptoms
suggesƟve of acute coronary syndrome (ACS) is Ɵme-
consuming, expensive, and difficult. Millions of paƟents
present annually to hospitals with complaints of chest pain,
and many more with other symptoms potenƟally indicaƟve
of ischemia. [1] Recent literature reports have shown more
interest in a new biochemical marker; ischemia-modified
albumin (IMA) for the detecƟon of myocardial injury. Special
aƩenƟon is focused on the esƟmaƟon of IMA tests for
the diagnosis and evaluaƟon of paƟents with myocardial
ischemia as well as another acute coronary syndrome in the
emergency department. [2]

Most biochemical markers are negaƟve in the early phase
of acute myocardial ischemia, such as unstable angina
(UA), but IMA is highly sensiƟve and can be detected in
the reversible early phase of ACS. [3–6]Many clinical studies
have revealed that IMA can be used for early diagnosis
of acute myocardial ischemia (AMI), exclusion of ACS, and
straƟficaƟon of ACS risk, so the admission rate of non-
ischemic paƟents and misdiagnosis of individuals at risk for
cardiac events can be reduced. [7–9]At present, there is a lack
of availability of data about the correlaƟon between serum
IMA level and cardiac funcƟon changes in paƟents with UA
or stable angina (SA).

Recent studies show that the structure of serum albumin
changes when ischemia develops in the body. [10] From
this point of view, studies focusing on a new marker for
myocardial ischemia have been carried out. Ischemia
Modified Albumin is a newmarker used to detectmyocardial
ischemia and it shows an early change. Myocardial
ischemia and accompanying hypoxia induced the structural
modificaƟons of human serum albumin (HSA). HSAmolecule
represents one of the circulaƟng the anƟoxidant in plasma
and plays a vital role in the efficient anƟoxidant defence of
the organism thus having a protecƟve effect. [11]
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In vivo, studies revealed that serum albumin of individuals
with myocardial ischemia exhibits a reducƟon in its inher-
ent affinity for metal transiƟon ions such as Co(II), Ni(II)
and Cu(II) compared to non-ischemic ones. This abnormal
molecule of HSA is known as Ischemia-Modified Albumin
(IMA) and it is measured by the spectrophotometric Co(II)-
albumin binding assay. The concentraƟon of IMA is deter-
mined by the addiƟon of a known amount of exogenous
Co(II) to a serum sample and measurement of unbounded
Co(II) by colourimetric assay using Dithiothreitol (DTT). An
inverse relaƟonship exists between the amount of albumin-
bound cobalt and the intensity of the colour formaƟon,
reported in absorbance units (ABSU). [2]

There are several data on IMA in paƟents with different
states with ischemia of non-cardiac origin such as systemic
sclerosis [12, 13] peripheral vascular disease, skeletal muscle
ischemia during arthroscopic knee surgery and exercise
induce, but no one concerns diabetes. [14] Hyperglycemia
and oxidaƟve stress can induce chronic ischemia in diabeƟc
paƟents. It could lead to necrosis of different Ɵssues. [15, 16]

Chronic hyperglycemia is associatedwith long-termdamage,
dysfuncƟon, and failure of the normal funcƟoning of various
organs, especially the eyes, kidneys, nerves, heart, and
blood vessels. [9]The prevalence of diabetes mellitus is
rising all over the world and have been increasing rapidly
recently in India reaching 1.4 million cases in 2015. [10]

An uncontrolled state of hyperglycemia leads to a variety
of complicaƟons including peripheral vascular diseases,
nephropathy, neuropathy, reƟnopathy, morbidity, and/or
mortality. Type 2 diabetes and its related complicaƟons of
hypertension, hyperlipidemia and atheroscleroƟc vascular
disease also demonstrated an associaƟon of metabolic
syndrome with the development of cardiovascular disease
(CVD), and more confirmaƟon related to mortality rate
increment was given by Type 2 diabetes and their related
complicaƟons cardiovascular disease remains the leading
cause of death, and myocardial infarcƟon (MI) tend to be
more extensive and have poorly survival rate than in age,
weight and sex-matched in individuals without diabetes. [17]

This case control study was planned to determine IMA
level for early detecƟon of myocardial ischemia in acute
coronary syndrome with Type-2 Diabetes Mellitus and
correlate with control of diabeƟc status.

MATERIAL METHODS

Study design: A Case-control study was undertaken at
GMC, BaramaƟ from 1st of February 20121 to November
2022 with the following criteria.

Inclusion criteria: Standardized clinical data were col-
lected for each paƟent, which included Ɵme of presentaƟon
at the emergency department, and the approximate dura-
Ɵon of symptoms of acute chest pain.

Exclusion criteria: PaƟents with liver disorders, autoim-
mune disorders, pregnant women, and paƟents with symp-

toms and signs suggesƟve of acute mesenteric ischemia,
acute renal failure, peripheral vascular disease, or brain
ischemia were not enrolled in the study.

Case SelecƟon: Sixty paƟents with type 2 diabetes mel-
litus, arrived at the Emergency unit in the hospital suffer-
ing from acute chest pain with manifestaƟons suggesƟve
of acute myocardial ischemia, including those such as chest
pain, shortness of breath, lower jaw pain, leŌ arm pain, epi-
gastric pain, newor increasing lower extremity edema, palpi-
taƟons, and other symptoms suggesƟve of an angina equiva-
lent. The ECGwasmeasured in the ED as part of the standard
of care at the GMC & Hospital, BaramaƟ.

Control Group: Sixty healthy volunteers age and sex-
matched who didn’t have any evidence of diabetes and
coronary artery disease were taken as the control group.

Samples processing: Demographic data (sex, age), an
ECG and Biochemical data were collected. Blood for
IMA and HbA1C levels was collected within two hours of
arrival, and IMA risk marker tesƟng was performed before
any heparin/thrombolyƟc treatment was started. Blood
samples were collected in tubes containing lithium heparin
at the Ɵme of the paƟent’s presentaƟon to the emergency
department, centrifuged for 5 minutes and preserved at -70
degree.

RESULTS

There were 60 individuals in the control group (mean age
65.24± 13.11), and 60 paƟents in the diabeƟc group (mean
age 59.86± 9.03). The comparison of the demographic and
laboratory variables is presented inTable 1. These groups
were staƟsƟcally similar in terms of demographic variables
(p > 0.05). The creaƟnin (p = 0.020) and platelet values (p
= 0.213) were found to be insignificant predictors for CAD
severity. However, the WBC and IMA levels were markedly
higher in the paƟent groups (p = 0.01). The comparison of
the laboratory parameters and risk scores between the three
groups is presented in Tables 1 and 2.

Group Number Mean S.D Value

Cases 60 194.8 69.5
P < 0.001

Controls 60 75.8 11.3

Table 2: Comparison means of plasma (IMA) in the case
group and control group.

Values of 80.70 or greater predicted myocardial ischemia
with a sensiƟvity of 93.3% and a specificity of 60% (AUC:
0.92).

The cut-off value for IMA in diagnosing myocardial
ischemia in diabeƟc paƟents aƩending ED was 80.70.
Values of 80.70 or greater, predicted myocardial ischemia in
diabeƟc paƟents with a sensiƟvity of 93% and a specificity of
60% (Area under curve: 0.92, Figure 1).
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Variables Controls Cases

Age 55.6+9.9 57.7+11.1

Sex (F/M) 35/25 32/28

Disease duraƟon - 14.95± 8.63

Mean blood pressure
Systolic/Diastolic blood pressure

(mmHg)

126/74± 9/7 142/77± 14/10

HbA1c 5.1+0.4 6.8+0.6

Total cholesterol (mg/dl) 184.0+29.8 216.2+37.7

HDL-cholesterol (mg/dl) 40.3+6.5 34.1+5.7

LDL-cholesterol (mg/dl) 115.3+32.5 175.7+34.6

Triglycerides (mg/dl) 140.8+42.8 169.4+40.0

Uric acid(mg/dl) 5.9+0.7 8.4+2.5

AST (IU/L) 23.4+6.2 52.4+20.2

Table 1: Comparison of demographical and laboratory variables between Cases (Type II diabetes Mellitus with Acute
Coronary syndrome) and Controls (Healthy subjects)

DiabeƟc
Status of
Cases
(n=60)

No. Mean S.D Significance*

Cases with
Uncon-
trolled

DiabeƟes

26 240.55 52.5
P<0.0001

Cases with
Uncon-
trolled

DiabeƟes

34 159.8 60.4

*Mann-Whitney Test

Table 3: Comparison means of plasma IMA between
controlled and uncontrolled diabeƟc paƟents

The IMA level was significantly higher in uncontrolled
diabeƟc paƟents with acute coronary syndrome compared
to controlled diabeƟc paƟents with ACS.Table 3

DISCUSSION

The IMAmeasurement as amarker ofmyocardial ischemia
without myocardial necrosis and/or preceding myocardial
necrosis has introduced the hope for improved diagno-
sis in paƟents with IHD without or with non-specific ECG
changes. [11]IMA has been proven to be an early biochem-
ical marker to detect ischemia in paƟents with myocardial
infarcƟon. [17] So, Ischemia-modified albumin has been stud-

ied primarily in selected populaƟons to display myocardial
involvement only in the absence of confounding clinical con-
diƟons. IMA increases also in brain ischemia, end-stage
renal disease, liver disease, some neoplasms, and infecƟons
as well as in paƟents with peripheral vascular diseases and
exercise-induced skeletal muscle ischemia. Recent studies
indicate that structural modificaƟons of albumin can occur
as the result of endothelial and extracellular hypoxia, acido-
sis, reduced oxygen tension, various ion-pump disrupƟons,
and generaƟon of reacƟve oxygen species (ROS). [2]

In diabeƟc paƟents, hyperglycemia, via several mecha-
nisms (glucose autooxidaƟon, sƟmulaƟon of the polyol path-
way, imbalance between the amount of reduced and oxi-
dized coenzymes forms, nonenzymaƟc glycaƟon and for-
maƟon of advanced glycaƟon end-products-AGEs), leads to
mulƟple biochemical sequels resulƟng in oxidaƟve stress.
ReacƟve oxygen species are well known as a factor respon-
sible for chemical and molecular damage of many bio-
logical molecules (proteins, lipids, carbohydrates, DNA,
nucleoƟdes) and cell membrane structure. OxidaƟve stress
is important in a variety of physiological (e.g., ageing) and
pathological (e.g., atherosclerosis, diabetes) processes. It
plays a significant role in pancreaƟc islet destrucƟon in dia-
betes type 2 and leads to its late complicaƟons. This also
causes oxidaƟve protein damage, formaƟon of advanced oxi-
daƟon protein products (AOPP) and probably IMA. [2]

WeesƟmated IMA levels in the plasma of diabeƟc paƟents
and control subjects using the manual method. We found
that the serum levels of IMA were significantly higher in
diabeƟc paƟents when compared with normal healthy non-
diabeƟc (p-value = 0.003) this agrees with a previous study
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Figure 1: ROC curve showing IMA cut-off value in diagnosing criƟcal coronary artery disease.

showing that IMA is a novel marker of Ɵssue ischemia and is
accepted as a marker of oxidaƟve stress in type 2 diabetes
paƟents [18]and others study report that definite and precise
mechanisms for IMA producƟon in vivo, it appears to be
related to the generaƟon of reacƟve oxygen species (ROS)
due to ischemia-reperfusion that modifies metal binding
domains of albumin molecule. [19]We observed about 75%
higher levels of ischemia-modified albumin in the plasma
of type 2 diabeƟc paƟents in relaƟon to control subjects.
This confirms previous, as well as our observaƟons, that
increased ROS generaƟon, provoked by hyperglycemia, can
cause oxidaƟve protein damage. In the case of albumin
decreasing ability to exogenous cobalt binding in plasma has
been reported. [8, 10]IMA may indicate underlying subclinical

disease or vascular dysfuncƟon, what suggested also by
Borderie et al. [12]

In diabeƟc paƟents with HbA1c level higher than 7%
significant correlaƟon between IMA and HbA1c was found.
The binding of glucose to albumin typically occurs in vivo in
healthy people and is known to involve the nonenzymaƟc
covalent aƩachment of glucose to a lysine side chain but
increases between two- to threefold in hyperglycemia. Thus,
it is possible that paƟents with a more severe course
of disease (poorly controlled diabetes compared to well-
controlled diabetes as well as healthy people) could occur
greater free radical producƟon, leading to higher IMA
concentraƟon. Moreover, diabeƟc paƟents exhibit elevated

PerspecƟves in Medical Research | May - August 2023 | Vol 11 | Issue 2 20

www.pimr.org.in


Junedi and Junaidi www.pimr.org.in

levels of iron and copper ions that, in the presence of
glycated proteins, have been shown in vitro to generate
ROS. [20] This indicates that IMA level should be considered
in the context of well and bad compensated diabetes.

Our current findings, although preliminary, show that
chronic oxidaƟve stress provoked by hyperglycemia, in
diabeƟc paƟents causes the decrease of albumin’s ability
to exogenous cobalt binding. It supports the hypothesis
that the rise in IMA levels may be also of non-cardiac
origin. We also reveal higher IMA concentraƟons in diabeƟc
paƟents with poor long-term Glycemic control, probably
with acidosis, hypertension as well as hypercholesterolemia-
LDL compared with baseline.

This may have implicaƟons regarding the ability of IMA
to detect myocardial ischemia in diabeƟcs. Recently Roy
et al. [21] suggested and revealed the role of reacƟve
oxygen species, such as superoxide and hydroxyl radicals,
generated during myocardial ischemia-reperfusion, on the
modificaƟon of the N-terminus of albumin and formaƟon
of the IMA. A posiƟve IMA value could also help to idenƟfy
higher-risk individuals, suffering from local or systemic
hypoxic condiƟons, such as acute ischemic stroke, peripheral
vascular disease, systemic sclerosis, peripheral vascular
intervenƟon, exercise-induced calf-muscle ischemia, and
end-stage renal disease.

In this current study, there was a significant difference
increase in IMA levels among poorly controlled (HBA1c > 7%)
diabeƟc paƟents ( mean; 14.70± 8.66)when compared with
the well-controlled (HBA1c < 7%), diabeƟc (mean; 3.74 ±
3.68), the paƟents (long-standing diabetes) duraƟon more
than 5 years had higher IMA levels than paƟents with less
than 5 years duraƟon.

DiabeƟc complicaƟons are due to various micro and
microangiopathic events producing increased oxidaƟve
stress and decreased levels of anƟoxidants, which can lead
to modificaƟon of albumin molecule of IMA than paƟents
with less than 5 years duraƟon of diabetes (long-stand
diabetes) have a lower than the other one. [22]

CONCLUSION

We suggest that measurements of IMA in paƟents with
chest pain or signs/symptoms suggesƟve of acute coronary
syndrome cases even in the early phase will help to detect
ACS and this is parƟcularly important when paƟents have
type 2 diabetes. Furthermore, there is a posiƟve correlaƟon
between HbA1c level with IMA level thus monitoring
diabeƟc control is an important part of the management
of acute coronary syndrome. The measurements of IMA
can be a very important factor in the correct diagnosis and
classificaƟon of paƟents with coexisted diabetes who come
to the emergency department with chest pain.

LIMITATIONS

1. The main limitaƟon of our study was the limited
number of cases that reduces the sensiƟvity and
specificity of mulƟvariate analysis.

2. Currently no reference standard exists for cardiac
ischemia. A combinaƟon test of IMA with CK-MB
and Troponin I can increase the sensiƟvity in the early
diagnosis of Acute Coronary Syndrome. [23]

3. One of the limitaƟons was that the study group was
confined to paƟents with Non-STEMI/USAP. Therefore,
our findings cannot be generalized to include all
paƟents with ACS.
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