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ABSTRACT

Acute coronary syndrome (ACS) is a serious cardiovascular condition associated with a high mortality rate. It
typically arises from the rupture of an atherosclerotic plaque leading to thrombus formation and encompasses
unstable angina (UA) and myocardial infarction (MI). The latter results in myocardial necrosis, which triggers an
acute inflammatory response that contributes to disease progression. Few studies have explored the diagnostic
utility of the neutrophil-to-lymphocyte ratio (NLR) as a complementary, inexpensive, and easily performed test
for diagnosing M, either alone or in conjunction with creatine kinase-MB (CK-MB). Therefore, this study aimed
to evaluate the diagnostic accuracy of admission NLR as a biomarker for MI in ACS patients. This cross-sectional
study included 89 patients with ACS who were admitted to the emergency department of Al-Basel Hospital
between March 2023 and January 2024. The patients were categorized into two groups: MI (n = 41) and UA (n =
48). Baseline characteristics and specific inflammatory markers (WBC, neutrophils, lymphocytes, and NLR) were
assessed and compared between the two groups. Our findings revealed that admission NLR values were
significantly higher in the MI group compared to the UA group (4.62 vs. 2.56, P < 0.01). Moreover, NLR was
significantly correlated with CK-MB activity in the Ml group (r = 0.45, P < 0.01). A cutoff value of 2.78 for
admission NLR yielded a sensitivity of 73% and a specificity of 62% for predicting Ml in ACS patients. Notably,
combining CK-MB and NLR measurements improved diagnostic performance, with a sensitivity of 88% and
specificity of 93%. These findings suggest that a simple biomarker such as NLR could serve an adjunctive role in
facilitating the diagnosis of Ml in patients with ACS.

Keywords: neutrophil-to-lymphocyte ratio, CK-MB, acute coronary syndrome, myocardial infarction,

inflammation.

1- INTRODUCTION

Cardiovascular diseases (CVDs) stand as a major
global health concern, responsible for an estimated 17.9
million deaths worldwide [1, 2]. This high mortality rate is
due to coronary artery disease (CAD), which is the first
leading cause of global mortalities [3].

The main hallmark of CAD is atherosclerosis, a
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chronic inflammatory condition that affects the endothelial
cells of arteries and causes a lipid-rich plaque that could
enlarge over time, leading to the stenosis of the coronary
arteries [4, 5]. Some plagues remain stable, others could
rupture, leading to the formation of coronary thrombosis
[6]. Thrombosis could cause partial or total occlusion of
the lumen resulting in the development of acute coronary
syndrome (ACS). it may present as unstable angina (UA),
in semi-blockage of the coronary arteries, or myocardial
infarction (MI), generally corresponding to complete
occlusion of the coronary arteries and necrosis of
myocardial cells [7].

© 2025 DSR Publishers/The University of Jordan. All Rights Reserved.


mailto:issa.yusuf@tishreen.edu.sy
mailto:ramaibrahim@tishreen.edu.sy
https://doi.org/10.35516/jjps.v18i2.2793

The Predictive Value of Neutrophil ...

Plaque rupture leads to the activation of systemic
inflammatory response, as evidenced by elevated levels of
inflammatory biomarkers such as high-sensitive C-
reactive protein (hs-CRP) and tumor necrosis factor o
(TNF-0) in the peripheral blood of ACS patients [8, 9].
This inflammatory response is aggravated by the ischemic
cellular injury following M1 [10]. Studies have shown that
inflammatory biomarkers, including CRP, IL-1B, ESR,
and fibrinogen, are elevated in patients with MI compared
to those in the healthy group [11, 12].

The neutrophil-to-lymphocyte ratio (NLR) is also used
as an indicative biomarker of inflammatory status, it serves
as an inexpensive, routinely available biomarker derived
from the absolute neutrophil and lymphocyte counts [13,
14]. Various studies have emphasized the diagnostic and
prognostic role of NLR in many diseases, including
cancer, rheumatoid arthritis, Alzheimer's disease, and
cardiovascular diseases [15-17]. However, there is a lack
of research focusing on the utility of NLR as an adjunctive
tool in the diagnosis of MI, particularly in combination
with creatine kinase myocardial band isoform (CK-MB).

CK-MB is an enzyme that is expressed predominately in
myocardial cells[18]. It persists as a biomarker for Ml
diagnosis especially when cardiac troponin assay is not
available [19, 20]. This study aimed to investigate the
individual or combined diagnostic accuracy of admission
NLR as a biomarker of Ml in patients presenting to the
emergency department with anginal complaints consistent
with MI. Those complaints are described as acute chest pain
or discomfort, dyspnoea, or pain in the left or right arm or
neck/jaw.

2- MATERIALS AND METHODS

2-1- Study population

We conducted a cross-sectional study involving a total of
89 patients diagnosed with ACS (48 with UA and 41 with MI)
who were admitted to the emergency department of AL-Basel
Hospital between March 2023 and January 2024.

The study was conducted according to the Declaration
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of Helsinki and all procedures undertaken in this study
were approved by the Institutional Board of Tishreen
University, confirmed by Ethical Approval No.123 dated
20/09/2022.

Patients presenting with ACS were initially diagnosed
based on the presence of persistent and characteristic chest
pain experienced at rest. Thereafter, the diagnosis was
confirmed based on electrocardiography (ECG) and CK-
MB measurements. Patients who presented with chest pain
and subsequently showed no changes in either ECG or CK-
MB were defined as having UA. Diagnosis of Ml was
established when an elevation of CK-MB was noted or
when characteristic ECG changes, e.g. ST segment
elevation or T wave inversion was recorded along with the
presence of stenosis by cardiac coronary catheterization.

Patients diagnosed with ACS who had either acute or
chronic infections, autoimmune diseases like rheumatoid
arthritis or asthma, malignant tumors, or were undergoing
steroid therapy were excluded from the study.
Additionally, patients with hyperlipidemia who were
receiving statin therapy were also excluded.

2-2- Demographic data

Demographic information was obtained using a
standardized  questionnaire.  Information  collected
encompassed age, sex, current smoking and patient’s
medical history including diabetes and/or hypertension.
Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were also measured.

2-3- Laboratory analysis

Initial blood samples were drained from patients upon
admission to the emergency unit, and a complete blood
count (CBC) was performed using EDTA tubes on the
QUINTUS 5-Part Hematology analyzer. We calculated
NLR and platelet-to-lymphocyte (PLR) ratios by dividing
the absolute neutrophil count and platelets count,
respectively, by the absolute lymphocyte count.
Biochemical tests for urea, creatinine, CK, and CK-MB
were performed on BIOSYSTEMS BTS 350 Biochemistry
analyzer using serum tubes.
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2-4- Statistical analysis

The Shapiro-Wilk test was used to check the normality
distribution of continuous variables. Categorical variables
were presented as counts and percentages,
continuous variables were reported as mean + standard
deviation or median and interquartile range (25-75
percentile). The independent sample t-test and Mann-
Whitney tests were conducted for continuous variables
(according to their normal distribution), while chi-square
test was used for categorical variables. Correlations were

while

evaluated using Spearman’s correlation test. Variables of
interest were further analyzed by multivariate regression,
and results were shown as odds ratio (OR) with 95%
confidence intervals (Cls). Receiver  Operating
Characteristic (ROC) curve analysis was performed to
determine the optimal NLR cut-off value with the best
sensitivity and specificity for predicting MI. Results were
considered statistically significant when P< 0.05. The

statistical analysis was done using R statistical

programming language.

3- RESULTS

The study included 89 patients with ACS, subdivided
into 41 patients with MI (mean age: 55.9+11.5 years; 73%
male) and 48 patients with UA (mean age: 56.4 = 11.2 years;
62.5% male). No significant differences were observed
between the two groups in terms of gender distribution,
smoking status, hypertension, or diabetes. Similarly, there
were no statistically significant differences in mean age,
diastolic blood pressure (DBP), systolic blood pressure
(SBP), serum creatinine, urea, hemoglobin, absolute
lymphocyte count, platelet count, or platelet-to-lymphocyte
ratio. In contrast, the MI group exhibited significantly
higher levels of WBC, absolute and relative neutrophil
counts, relative lymphocyte count, NLR, CK, and CK-MB
(P <0.05), as presented in Table 1.

Table 1. Patients’ baseline characteristics and laboratory findings of MI vs. UA groups.

Ml UA

N=41 N=48 P-value
Males count 30 (73%) 30 (62.5%) 0.284
Smokers count 29 (70.7%) 28 (58.3%) 0.22
Hypertension 16 (39%) 23 (48%) 0.399
Diabetes 13 (31.7%) 15 (31.25%) 0.96
Hyperlipidemia 11 (26.83%) 17 (35.41%) 0.521
Age (years) 55.9+11.5 56.4+11.2 0.85
DBP (mmHg) 78.97+21.49 74.75+13.77 0.328
SBP (mmHg) 122.79+28.95 125.25+17.68 0.662
Urea (mg/dL) 37.01+13.61 36.73+12.11 0.92
Creatinine (mg/dL) 1.08+0.41 1.02+0.22 0.484
Hemoglobin (g/dL) 13.82+1.72 13.11+1.81 0.072
Platelets (*10°/uL) 249.95+72.49 235.04+56.63 0.311
WBC (*10%L)* 11.95(9.8-15.78) 7.7(7-9.8) <0.001"
Neutrophils (*10%/L)* 9.02(6.3-12.5) 5.2(4.2-7.1) <0.001"
Neutrophils % 74.87+10.96 66.96+6.91 <0.001"
Lymphocytes (*10%L)* | 2.05(1.4-2.8) 2.14(1.8-2.6) 0.91
Lymphocytes% 19.29+9.31 25.83+5.57 <0.001"
NLR* 4.62(2.46-6.38) 2.56(1.9-3.4) <0.001"
PLR* 116(91.25-148.9) 110.36+(90.6-146.7) | 0.546
CK (U/L)* 315.5(130.75-520) | 87.5(72-121.75) <0.001"
CK-MB (U/L)* 32.5(28-49.75) 11(8.8-16.3) <0.001"
*Variable are not normally distributed, and expressed as median (interquartile range).
" The difference is considered statistically significant.
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Admission NLR showed a significant positive
correlation with serum CK-MB activity, whereas
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lymphocyte counts demonstrated a negative correlation
with CK-MB in MI patients (Table 2).

Table 2. Spearman’s correlation coefficients between CK-MB and inflammatory parameters in Ml patients.

CRP ‘ WBC ‘ Neutrophils | Lymphocytes* ‘ NLR*
CK-MB
rho 0.243 | 0.214 0.274 -0.412* 0.456*
P-value | 0.302 | 0.204 0.101 <0.05* <0.01*

* Variables are significantly correlated with CK-MB.

Using multivariate logistic regression analysis, higher
admission NLR values independently predicted MI among
ACS patients (OR: 2.36, 95% ClI: 14-4.5, P < .01; Table
3). In ROC analysis, a cut-off level of NLR > 2.78 had a
sensitivity of 73% and a specificity of 62% for predicting
MI [Area under the ROC curve (AUC) = 0.737, 95% ClI:
0.620-0.852, P < .001; Figure 1]. The sensitivity and
specificity of CK-MB were calculated to compare results

with those of NLR, and the threshold value of 25 IU/L was
selected based on the assay kit used for analysis
(Biosystems immunoinhibition CK-MB kit “COD
11792”). As shown in Table 4, adding admission NLR
measurement to CK-MB analysis demonstrated better
sensitivity and specificity (0.88 and 0.93, respectively) for
predicting Ml than CK-MB alone (0.78 and 0.87,
respectively).

Table 3. Multivariate logistic regression analysis for predictors of Ml in ACS patients.

Predictors Odds Ratio (95%Cl) | P-value
NLR 2.35 (1.4-4.5) <0.01"
CRP 0.95 (0.86-1.02) 0.21
Age 1(0.9-1.08) 0.78
Male gender 2.68 (0.45-19.49) 0.29
Smoking 3.72 (0.58-36.76) 0.19
Hyperlipidemia | 0.63(0.1-3.37) 0.59

Table 4. Sensitivity, specificity, Positive predictive value (PPV), negative predictive value (NPV) of CK-MB, NLR,
and CK-MB+NLR for predicting Ml in ACS patients.

CK-MB | NLR | NLR+CK-MB

Sensitivity | 0.78 0.73 | 0.88

Specificity | 0.87 0.622 | 0.93
PPV 0.84 057 | 0.92
NPV 0.82 0.70 | 0.9
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Figurel: The receiver—operating characteristic curve analysis of NLR for predicting MI.

4- DISCUSSION

Our study aimed to investigate the significance of NLR
as an adjunctive biomarker in the diagnosis of MI in
patients with ACS, in relation to the diagnostic
performance of CK-MB within the first six hours of
emergency admission.

This study showed that white blood cell and neutrophil
counts were significantly higher in the MI group than in
the UA group (P <0.01). These results are consistent with
the research of Marechal et al., who reported a significant
difference in white blood cell count between patients with
MI and those with stable and unstable angina. This
difference was primarily attributed to variations in
neutrophil count [21]. Likewise, Al-Fartosi et al., found
that neutrophils were significantly higher in Ml and UA
groups compared to healthy controls, and also elevated in
the MI group compared to the UA group [22]. Neutrophils
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are thought to participate in the pro-inflammatory response
that follows the MI [23]. The cellular necrosis of cardiac
muscle cells observed during M1 results in the release of a
variety of pro- and anti-inflammatory molecules. Of these,
DAMPs (Damage-Associated Molecular Patterns) are
nominated to play a crucial role in the inflammatory
process. DAMPs bind to their receptors on the surface of
innate PRRs (Pattern Recognition
Receptors), resulting in the induction of pro-inflammatory
cytokines such as TNF-a and IL-1, which stimulate
chemotaxis and recruitment of white blood cells to the site
of necrosis, with neutrophils playing a primary role in the
inflammatory response [24, 25]. Cellular necraosis is absent
in UA, which explains the decreased neutrophil count
compared to the MI. No significant difference was found
in the number of lymphocytes between the Ml and UA
groups (P > 0.05), although the value was higher in the Ml

immune cells,
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group. This result was also reported by Tahto et al., and
Marechal et al., who did not find any significant difference
in absolute lymphocyte counts between the MI and UA
groups [21, 26]. However, in our study, the difference in
the relative lymphocyte count between the two groups was
also investigated, because the higher count of WBC in the
MI group could mislead the interpretation of the true
difference in the lymphocyte count. Indeed, the mean
relative lymphocyte count in the MI group was
significantly lower than in the UA group (P <0.01).
Additionally, the relative lymphocyte count was below the
reference limit in the M1 group (19.3%) and within normal
limits in the UA group (25.8%).

The role of lymphocytes in the pathogenesis of
atherosclerosis remains ambiguous.

Mustafic et al., showed significantly lower relative
lymphocyte values in patients with ACS compared to stable
angina but without significant difference in absolute
lymphocyte count [27]. Another study comparing absolute
and relative lymphocyte counts between patients with stable
and unstable angina showed no differences in either
parameter [28]. These results together with ours imply that Ml
is the main contributor to the downregulation of lymphocytes
in patients with ACS. To determine the mechanism
underlying the reduction in lymphocyte count in Ml patients,
in-vivo experiments were conducted on Ml-induced mice.
The study found that MI mice exhibited glandular
hypertrophy on the first day along with increased
glucocorticoid production due to activation of the
hypothalamic-pituitary-adrenal axis [29]. Plasma levels of
glucocorticoids reduce lymphocyte count in peripheral blood
by inducing reverse migration of lymphocytes to the bone
marrow, promoting lymphocyte apoptosis and inhibiting their
proliferation [29, 30]. We excluded patients undergoing
steroid therapy because it affects lymphocyte counts.
Admission NLR has been thoroughly studied as an
inflammatory biomarker in a wide variety of medical
conditions, including cardiovascular diseases [31], owing to
its low cost, ease of measurement, and laboratory availability.
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Inflammation has a key role in ACS context, since
atherosclerosis, which is the main cause of coronary heart
disease, develops as a result of the chronic inflammatory
process in damaged endothelial cells lining the arteries.
Furthermore, plaque rupture and atherothrombosis trigger an
acute local and systemic inflammation, that is exacerbated
after myocardial cellular necrosis [32]. As atherothrombosis
is an acute inflammatory response involving both innate and
acquired immunity [33], a biomarker such as NLR which
combines neutrophils and lymphocytes (representing the
innate and acquired immunological response, respectively)
could be considered as a biomarker with prognostic and
diagnostic value in ACS and MI.

We found that NLR at admission was significantly
increased in the MI group compared to the UA group (P <
0.01) and thus emerged as the biomarker with the strongest
positive correlation with CK-MB values in patients with
MI among other inflammatory indicators, i.e. WBC,
lymphocytes, and neutrophils. In the study of Erturk et al.,
NLR was independently elevated in ACS patients
compared to controls. Furthermore, the highest levels of
NLR were observed in patients with STEMI followed by
NSTEMI and UA. They also found that NLR was
positively correlated with high-sensitivity troponin (hsTn)
in ACS patients [34]. The results of our study support the
above-mentioned conclusions and suggest that NLR could
be used as an indicator to discriminate different types of
ACS. Shumilah et al., investigated the diagnostic accuracy
of NLR, mean platelet volume (MPV), PLR, and
monocyte-to-lymphocyte ratio (MLR) for ACS, they
found that NLR is the strongest predictive biomarker for
ACS, while MLR was not significant [35]. This study
highlights the diagnostic efficiency of NLR among other
inflammatory biomarkers derived from complete blood
count (CBC), thus supporting our choice of NLR as an
inflammatory biomarker correlated with CK-MB during
ACS. The mechanism that links MI to NLR involves the
two phases of inflammation associated with MI: the
inflammatory phase and the proliferative phase [36].
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During the inflammatory phase, neutrophils play a crucial
role by recruiting macrophages and removing cellular
debris. Consequently, the neutrophil count in peripheral
blood positively correlates with infarct size [37].
Lymphocytes are vital for myocardial remodeling after Ml
due to their anti-inflammatory properties. However, unlike
neutrophils, lymphocyte levels decrease during the
inflammatory phase, which contributes to the observed
increase in NLR levels in the early stages of Ml [38].

An NLR cutoff value of 2.78 showed a sensitivity of
0.73 and specificity of 0.62 for predicting ACS in patients
with MI symptoms. Despite the low sensitivity and
specificity of NLR compared to CK-MB, our study
showed that integrating both biomarkers resulted in greater
accuracy than using each biomarker individually. This
suggests that NLR could help improve the accuracy of Ml
diagnosis when used in combination with CK-MB, a
cardiac biomarker widely used in clinical practices.
Similar conclusion was proposed by Korkmaz et al., who
demonstrated that NLR was higher in the troponin-positive
group and that a cut-off value of 2.80 had high sensitivity
and specificity for predicting troponin elevation in ACS
patients [39]. These findings indicate that NLR could serve
as a useful biomarker in clinical practice. We recommend
adding NLR to the routine hematorgram and considering
it as an adjunctive diagnostic tool, as well as a biomarker
for assessing the severity of inflammatory response.

5- CONCLUSION

Admission NLR is an adjunctive complementary tool
in the diagnosis of M1 in patients with ACS. It could also
be a simple but potential biomarker of the inflammatory
response that follows myocardial necrosis.

Admission NLR demonstrated a significant increase in
MI compared to UA and a strong correlation with CK-MB
levels, suggesting its relevance in discriminating ACS
subtypes. While NLR alone has lower sensitivity and
specificity than CK-MB, its use in combination with CK-
MB could improve diagnostic accuracy in clinical practice.

-592 -

These findings highlight the need for further research into
the role of inflammatory biomarkers in the diagnosis and
management of ACS to optimize patient care.

6- LIMITATIONS

We were unable to study the prognostic value of NLR
because there was a lack of long-term follow-up of
patients. A cohort study design would be preferable for this
purpose. The sample size is relatively small, which may
have affected the significance of some results. Troponin
was performed for MI screening initially but was later
replaced by CK-MB due to its intermittent availability
during the study period. The relationship between NLR
and other inflammatory biomarkers, such as hs-CRP and
TNF-0, could provide more details about the inflammatory
response following MI.
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