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Abstract
Aim: Early diagnosis of acute coronary syndrome (ACS) is crucial in emergency medicine. While high-sensitivity troponin (hs-Tn) is a key biomarker, its 
limitations in the early phase highlight the need for additional markers. Ischemia-modified albumin (IMA) has shown potential in detecting myocardial ischemia, 
but its clinical value remains uncertain.
Materials and Methods: Patients presenting with chest pain within three hours were included. Serum IMA and hs-Tn levels were measured, and their combined 
diagnostic value was assessed. Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) were also analyzed.
Results: IMA levels were significantly higher in ACS patients than in non-ACS cases (p < 0.05). ROC curve analysis showed that IMA alone had moderate 
diagnostic performance, but its combination with hs-Tn improved sensitivity and specificity. In the ACS group, IMA levels correlated with hs-Tn, particularly 
in patients with ST-elevation myocardial infarction (STEMI). NLR and PLR showed no significant differences between ACS and non-ACS patients, confirming 
their limited diagnostic value.
Discussion: IMA appears to be a promising biomarker for early ACS detection, especially when combined with hs-Tn. This combination could enhance diagnostic 
accuracy and support early clinical decision-making. Conversely, NLR and PLR were not reliable indicators of ACS. Further research is needed to confirm these 
findings and explore the clinical applications of IMA in emergency settings.
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Introduction
Chest pain accounts for approximately 5–10% of emergency 
department (ED) visits [1,2]. Among its many causes, acute 
coronary syndrome (ACS) is associated with high morbidity 
and mortality. However, approximately 5% of ACS cases go 
undiagnosed in the ED due to variable clinical presentations 
[3,4].
For ACS diagnosis, an electrocardiogram (ECG) should be 
performed within 10 minutes of admission. If ST-elevation 
myocardial infarction (STEMI) is detected, immediate 
treatment is required. In non-STEMI cases, serial cardiac 
enzyme measurements are recommended. However, troponins 
indicate myocardial necrosis rather than early ischemic changes 
[5,6]. Since ischemia and inflammation precede necrosis, early 
detection is crucial, and ED monitoring may last 6–12 hours.
Unstable angina pectoris (UAP), a subset of ACS, is diagnosed 
when cardiac troponin levels are normal and ECG findings are 
unremarkable. To improve diagnostic accuracy in UAP and non-
STEMI cases, novel biomarkers are needed [7,8].
Ischemia-Modified Albumin (IMA) is an altered form of serum 
albumin that increases during ischemia, making it a potential 
early ACS marker. However, elevated IMA levels are also 
observed in stroke, renal and liver disease, neoplasms, sepsis, 
and patients undergoing cardioversion, limiting its specificity 
[9,10]. While IMA may aid in ACS detection and risk stratification 
[9,11], some studies suggest it is insufficient as a standalone 
marker [7,12].
Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) are inflammatory markers associated 
with coronary artery disease (CAD) [13,14]. Their role in CAD 
remains unclear, but endothelial damage and plaque erosion 
are linked to neutrophil activity [15].
This study evaluates the diagnostic performance of IMA, NLR, 
PLR, and high-sensitivity troponin (hs-Tn) in identifying ACS in 
ED patients with chest pain.

Materials and Methods
Study Design and Setting
This study was a single-center, prospective case-control design 
conducted at the sole tertiary care center in Çanakkale. Ethical 
approval was obtained from the hospital’s ethics committee 
prior to commencement. 
Patient Selection
91 patients aged 18 or older, who presented to the ED with 
chest pain between November 21, 2019, and February 21, 2020, 
and met the inclusion criteria, were enrolled. Exclusion criteria 
included non-cardiac causes of chest pain, refusal of coronary 
angiography (CAG), early hospital discharge, or transfer to 
another center. Additionally, patients with hypoalbuminemia or 
incomplete data were excluded. 
Data Sources
Patients who met the inclusion criteria were randomly selected, 
and data were gathered from medical records, legal guardians, 
and the hospital’s automation system. The data collection 
form was designed to standardize and facilitate systematic 
data gathering, ensuring all relevant clinical, demographic, and 
laboratory information was recorded. 

Data Collection
Demographic, clinical, and laboratory data were collected, 
including vital parameters, medical history, smoking and 
alcohol habits, chest pain characteristics, and laboratory 
results such as high-sensitivity troponin (hs-Tn), ischemia-
modified albumin (IMA), neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), and mean platelet volume 
(MPV). Informed consent was obtained from all patients. Blood 
samples were collected for various analyses, stored at -80°C, 
and analyzed after the study period.
IMA and Hs-Tn Analysis
IMA levels were measured using an ELISA method with specific 
human IMA kits, while hs-Tn was analyzed using an automated 
photometric-colorimetric method in the biochemistry 
laboratory. MPV, NLR, and PLR were determined via automated 
hemogram analysis.
Outcome Measures
The primary outcome was that IMA exhibited higher specificity 
than hs-Tn in early ACS detection. The secondary outcome 
emphasized the potential for false positives with hs-Tn due to 
its sensitivity, suggesting the combined use of IMA and hs-Tn 
could reduce diagnosis delays.
Statistical Analysis
SPSS software version 26.0 was used for data analysis. 
Descriptive statistics, univariate analysis, and receiver 
operating characteristic (ROC) curve analysis were performed. 
Sensitivity and specificity were calculated for parameters with 
an area under the curve (AUC) > 0.600, with a p-value of < 0.05 
considered statistically significant.
Ethical Approval
This study was approved by the Ethics Committee of Çanakkale 
Onsekiz Mart University Faculty of Medicine (Date: 2019-11-
13, No: 2019-18).

Results
A total of 91 patients were included, with 64.84% male and a 
mean age of 57.79 ± 18.28 years. Of these, 61.54% (n = 56) 
presented within 3 hours of chest pain onset. Hypertension 
(38.5%), diabetes mellitus (24.2%), coronary artery disease 
(37.4%), and smoking (37.4%) were the most common 
comorbidities. The average hs-troponin level was 304.26 ± 
901.28 pg/mL, with 73.6% diagnosed with acute coronary 
syndrome (ACS), including 52.2% NSTEMI, 26.9% STEMI, and 
20.9% unstable angina pectoris (USAP) (Table 1).
ACS patients were significantly older (p < 0.001), but no 
significant differences were found regarding gender, vital 
signs, or comorbidities. ACS patients had significantly higher 
hs-troponin and IMA levels (p < 0.001), but no differences in 
MPV, NLR, and PLR values. ACS patients showed higher ECG 
abnormalities and hospitalization rates.
STEMI patients were significantly older than those with NSTEMI 
or USAP. No significant differences were found between ACS 
types in terms of gender, vital parameters, comorbidities, or 
laboratory results. USAP patients had lower ECG abnormalities 
and hospitalization rates compared to STEMI and NSTEMI 
patients.
In early-presenting patients (≤ 3 hours), hs-troponin levels were 
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Table 2. Comparison of demographic and clinical data of cases according to ACS types

Parameters All Patients (n = 91) AKS (+) (n = 67) AKS (-) (n = 24) p value

Age (Years) 57,79±18,28 62,54±15,49 45,25±18,32 <0.001

Gender, Male, n (%) 59 (64,84) 43 (%64) 16 (67,7) 0.827

Systolic BP (mmHg) 137,26±24,93 136,84±24,89 138,46±25,54 0.786

Diastolic BP (mmHg) 81,99±15,65 82,06±17,12 81,79±10,84 0.943

Pulse (beats/min) 75,13±16,04 74,58±18,18 76,67±7,45 0.588

Sa02 (%) 97,18±2,64 97,06±2,79 97,50±2,15 0.486

Application Period ≤3 hours 56 (61,5) 41 (61,2) 15 (62,5)

0.327Application Period 3-24 hours 15 (16,5) 13 (19,4)  2 (8,3)

Application Period ≥ 24 hours 20 (22,0) 13 (19,4) 7 (29,2)

HT, Positive, n (%) 35 (38,5) 28 (41,8) 7 (29,2) 0.275

DM, Positive, n (%) 22 (24,2) 18 (26,9) 4 (16,7) 0.317

CAD, Positive, n (%) 34 (37,4) 27 (40,3) 7 (29,2) 0.333

Other Comorbid Diseases, Positive, n (%) 11 (12,1) 8 (11,9) 3 (12,5) 0.342

Smoking, Positive, n (%) 34 (37,4) 27 (40,3) 7 (29,2) 0.333

Alcohol use, Positive, n (%) 6 (6,6) 3 (4,5) 3 (12,5) 0.185

Laboratory Values ​​and Calculations

hs-troponin 200,54±901,28 270,28±673,17 5,88±3,21 <0.001

İMA 3,15±18,69 4,08±11,53 0,56±0,35 <0.001

MPV 8,76,1,25 8,89±1,29 8,16±1,46 0.924

NLR 3,35±3,18 3,55±3,13 2,80±2,97 0.136

PLR 125,07±74,76 128,55±76,49 115,34±61,66 0.805

ECG Findings, Positive, n (%) 43 (47,2) 40 (59,7) 3 (12,5) <0.001

Outcome (Hospitalization) 57 (62,6) 56 (83,6) 1 (4,2) <0.001

Outcome (Discharged) 34 (37,4) 11 (16,4) 23 (95,8)

BP: Blood Pressure; Data shown in n (%) or mean± standard deviation

Table 1. Comparison of demographic and clinical data of cases according to ACS diagnoses

Parameters STEMI (n = 18) NSTEMI (n = 35) USAP (n = 14) p value

Age (Years) 65,22±12,43 62,17±16,97 60,00±15,66 <0.001

Gender, Male, n (%) 12 (66,7) 22 (62,9) 9 (64,3) 0.989

Systolic BP (mmHg) 126,11±27,83 140,57±25,07 141,29±16,43 0.201

Diastolic BP (mmHg) 74,78±19,51 83,63±16,87 87,50±11,61 0.113

Pulse (beats/min) 69,72±18,31 75,06±16,91 79,64±20,75 0.342

Sa02 (%) 97,00±3,12 97,06±2,72 97,14±2,74 0.918

Application Period ≤3 hours 15 (83,3) 17 (48,6) 9 (64,3)

0.063Application Period 3-24 hours 1 (5,6) 11 (31,4) 1 (7,1)

Application Period ≥ 24 hours 2 (11,1) 7 (20,0) 4 (28,6)

HT, Positive, n (%) 4 (22,2) 18 (51,4) 6 (42,9) 0.132

DM, Positive, n (%) 2 (11,1) 12 (34,3) 4 (28,6) 0.193

KAH, Positive, n (%) 4 (22,2) 14 (40,0) 9 (64,3) 0.076

Other Comorbid Diseases, Positive, n (%) 1 (5,5) 6 (17,1) 1 (7,1) 0.198

Smoking, Positive, n (%) 5 (27,8) 17 (48,6) 5 (35,7) 0.349

Alcohol use, Positive, n (%) 0 (0,0) 3 (8,6) 0 (0,0) 0.129

Laboratory Values ​​and Calculations

hs-troponin 516,78±1104,81 208,23±298,91 12,55±19,01 0.055

İMA 7,78±19,23 3,03±4,95 0,54±,28 0.347

MPV 9,24±1,73 8,85±1,10 8,42±0,69 0.082

NLR 3,49±2,86 4,04±2,86 2,42±1,23 0.617

PLR 116,82±63,39 137,71±51,84 124,67±51,84 0.869

ECG Findings, Positive, n (%) 18 (100,0) 18 (51,4) 4 (28,6) <0.001

Outcome (Hospitalization) 18 (100,0) 35 (100,0) 3 (21,4) <0.001

Outcome (Discharged) 0 (0,0) 0 (0,0) 11 (78,6)

BP: Blood Pressure; 
Data shown in n (%) or mean± standard deviation 
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higher in the 3–24 hour group, while IMA levels were higher in 
the early-presenting group. NLR and PLR were higher in patients 
presenting later (3–24 hours), but no significant difference was 
found in MPV levels (Table 2).
A strong positive correlation (r = 0.86) was observed between 
IMA and hs-troponin, and a moderate positive correlation (r = 
0.39) between IMA and NLR (p = 0.05) (Table 3).
For early presenters (≤ 3 hours), IMA had an AUC of 0.690 with 
69% sensitivity and 82% specificity at a cutoff of 1.28. For 
those presenting within 24 hours, IMA’s AUC was 0.650 with 
73.6% sensitivity and 60% specificity at a cutoff of 0.415. In 
comparison, hs-troponin had an AUC of 0.780 for ≤ 3 hours 
and 0.910 for ≤ 24 hours, indicating higher specificity after 3 
hours. IMA showed higher specificity in the first 3 hours (Figure 
1, Figure 2).

Discussion
Introduction and Significance of Early ACS Diagnosis
Chest pain is a common cause of emergency department visits, 
significantly straining resources. Diagnosing Acute Coronary 
Syndrome (ACS) is crucial to avoid risks to patient lives and 
medicolegal issues for clinicians. There is a need for biomarkers 
to improve the early diagnosis of ACS. In our study, Ischemia 
Modified Albumin (IMA) emerged as a more sensitive parameter 
than high-sensitivity troponin (hs-troponin), especially in 
patients presenting within the first 3 hours. We believe that 
IMA could serve as an early marker of ischemia before necrosis 
occurs.

Role of IMA in ACS Diagnosis
IMA, an FDA-approved biomarker for ruling out ACS, increases 
in ischemic conditions due to alterations in the N-terminal 
sequence of human albumin. In myocardial infarction, IMA rises 
rapidly and normalizes within 24 hours [17]. Previous studies 
have demonstrated that IMA has a high negative predictive 
value (NPV) and outperforms other biomarkers in excluding 
ACS [18-20]. In our study, IMA had better specificity than hs-
troponin in the first 3 hours. We suggest that combining IMA 
with hs-troponin could improve early ACS detection.
Inflammation and Cardiovascular Disease
Inflammation plays a critical role in both ACS and atherosclerosis. 
Parameters like Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-
to-Lymphocyte Ratio (PLR), and Mean Platelet Volume (MPV) 
help monitor these inflammatory processes. While studies have 
shown NLR and PLR’s value in cardiovascular risk prediction 
[21,23,24], our study found them ineffective in identifying ACS 
patients or distinguishing ACS subtypes. NLR and PLR levels 
were higher in patients presenting later (3–24 hours).
Limitations
Our study has limitations, including being a single-center study 
with a small sample size. To generalize the findings, future 
multicenter, randomized, double-blind studies with larger 
sample sizes are needed.
Conclusion
This conclusion highlights the importance of early, accurate 
diagnostics in patients presenting with chest pain. It seems that 
combining IMA with hs-troponin could be a promising approach 

Table 3. Comparison of biomarkers according to application times

Laboratory Values ​​and Calculations Application Period ≤3 hours (n = 41) Application Period 3-24 hours (n = 13) p value

Hs Troponin 262,71±758,54 293,57±304,75 0.003

İMA 4,25±12,96 3,57±5,50 0.040

MPV 8,89±1,36 8,91±1,08 0.790

NLR 3,01±2,56 5,24±4,15 0.008

PLR 112,23±56,93 178,76±105,84 0.020

*:T Test used

Figure 1. Evaluation of the correlation between cases and IMA 
levels

Figure 2. Evaluation of sensitivity and specificity levels of IMA 
and Hs-Troponin levels in the first 3 hours and first 24 hours
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to improve the detection of acute coronary syndrome (ACS) in 
the critical early hours. Your findings emphasize the need for 
careful interpretation of NLR and PLR in these cases. 
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