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Abstract
Objective  Acute Coronary Syndromes (ACS) remain a major cause of morbidity and mortality, particularly in 
resource-limited settings where access to advanced diagnostics may be constrained. This study aimed to evaluate the 
utility of routine hematological indices and leukocyte morphometric parameters—volume, conductivity, and scatter 
(VCS)—as low-cost adjuncts for identifying ACS and differentiating its subtypes.

Results description  This cross-sectional study included 291 adults (151 ACS patients and 140 healthy controls) 
evaluated between January 2022 and August 2023. Compared with controls, ACS patients had significantly higher 
total leukocyte counts, lower hemoglobin levels, increased mean platelet volume (MPV), reduced neutrophil 
conductivity (MN-C-NE), and increased monocyte scatter parameters (MN-LALS-MO, MN-AL2-MO) (all p < 0.01). On 
L1-regularized multivariable logistic regression, elevated WBC count, reduced hemoglobin, increased MPV, decreased 
neutrophil conductivity, and increased monocyte scatter indices independently predicted ACS. The combined 
model demonstrated excellent discriminatory performance (AUC 0.98 ± 0.02). However, discrimination between 
ACS subtypes was limited, with poor performance for differentiating STEMI from unstable angina and NSTEMI (AUC 
0.63–0.65, p > 0.05). These findings suggest that hematological and VCS parameters are effective for identifying ACS 
but have limited utility in subtype differentiation.
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​​Introduction
Acute Coronary Syndromes (ACS) remains the leading 
cause of morbidity and mortality worldwide, accounting 
for more than 17 million deaths annually, with the major-
ity occurring in low- and middle-income countries [1]. 
India, in particular, faces a rapidly escalating ACS bur-
den characterized by earlier disease onset and a higher 
prevalence among younger populations, posing major 
challenges for healthcare systems [2]. The pathogenesis 
of ACS is driven primarily by atherosclerosis, a chronic 
inflammatory and immune-mediated process involving 
lipid accumulation, endothelial dysfunction, and leu-
kocyte infiltration of the arterial wall. These processes 
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culminate in plaque formation, progression, and even-
tual rupture, leading to acute thrombotic events such as 
myocardial infarction (MI) and unstable angina [3]. Vas-
cular smooth muscle cells, inflammatory cytokines, and 
oxidative stress play central roles in promoting plaque 
vulnerability [4, 5]. Conventional diagnostic strategies, 
including electrocardiography, echocardiography, cardiac 
biomarkers such as troponins, and coronary angiogra-
phy, remain the cornerstone of ACS evaluation. However, 
their utility may be limited by cost, accessibility, and sen-
sitivity, especially in early disease detection or prognosti-
cation in resource-constrained settings [6]. This has led 
to increasing interest in identifying inexpensive, readily 
available biomarkers that reflect systemic inflammation 
and cardiovascular risk. In this context, hematologic 
indices—such as the neutrophil-to-lymphocyte ratio 
(NLR), monocyte-to-lymphocyte ratio (MLR), mean 
platelet volume (MPV), and red cell distribution width 
(RDW)—have emerged as potential markers of systemic 
inflammation, with several studies linking them to ACS 
severity and adverse outcomes [7–9]. Neutrophils and 
monocytes, as innate immune effectors, contribute to 
plaque destabilization, whereas platelet indices reflect 
thrombogenic potential and endothelial dysfunction 
[10, 11]. More recently, advanced hematology analyzer–
derived parameters, including volume, conductivity, and 
scatter (VCS) indices, have shown promise in objectively 
characterizing leukocyte activation and morphology in 
inflammatory conditions such as sepsis and COVID-19, 
suggesting potential applicability in cardiovascular dis-
ease [12–14].

Given these observations, evaluating hematological 
parameters and novel VCS-derived indices may offer 
cost-effective and scalable adjuncts to traditional diag-
nostics, particularly in resource-limited settings. Because 
CBC and VCS metrics are already generated during 
routine testing with no additional consumables or pro-
cedures, their use represents minimal incremental cost 
compared with specialized biomarkers or imaging. The 
present study aims to assess the role of routine hemato-
logical parameters and VCS-derived leukocyte indices in 
patients with acute coronary syndrome, exploring their 
ability to differentiate ACS from healthy controls presen-
tations and stratify risk across clinical subgroups.

Materials and methods
This cross-sectional analytical study was conducted 
between January 2022 and August 2023 in the Depart-
ments of Pathology and Cardiology at the Himalayan 
Institute of Medical Sciences, Swami Rama Himalayan 
University, and Dehradun, India. Ethical approval was 
obtained from the Institutional Ethics Committee, and 
written informed consent was obtained from all partici-
pants in accordance with the Declaration of Helsinki.

Study population
A total of 291 adult patients (> 18 years) presenting to the 
tertiary care center were enrolled. Among these patients, 
151 met the diagnostic criteria for ACS, including ST-ele-
vation myocardial infarction (STEMI), non-ST-elevation 
myocardial infarction (NSTEMI), and unstable angina, 
which were defined according to the American Col-
lege of Cardiology (ACC)/American Heart Association 
(AHA) guidelines [15]. The control group comprised 140 
age- and sex-matched healthy volunteers recruited from 
our hospital’s routine health check-up program. All indi-
viduals had undergone standardized screening, including 
clinical history, physical examination, fasting lipid profile, 
fasting blood glucose, and blood pressure assessment, 
ensuring exclusion of latent cardiovascular risk factors 
such as hypertension, diabetes, or dyslipidemia. Addi-
tional exclusions included autoimmune diseases, chronic 
kidney or liver disease, active infection, and any condi-
tion known to affect hematological indices.

ACS diagnosis was based on a combination of clinical 
presentation, ECG findings, and laboratory biomarkers, 
including cardiac troponin T and creatine phosphoki-
nase-MB (CPK-MB), following internationally accepted 
criteria [15, 16].

Venous blood samples were collected in EDTA vacu-
tainers and processed within 30 min to minimize pre-
analytical variability. The samples were analyzed via 
a Beckman Coulter DxH 800 automated hematology 
analyzer (Beckman Coulter, California, USA). Routine 
hematological investigations included hemoglobin (Hb) 
estimation via spectrophotometry, total leukocyte count 
(TLC), absolute and differential leukocyte counts, red 
blood cell indices, and platelet counts. Cell counts and 
volumes were measured via the Coulter Principle, which 
determines cell size on the basis of electrical impedance 
changes as cells suspended in the electrolyte pass through 
an aperture [17]. Leukocyte volume, conductivity, and 
scatter (VCS) parameters were obtained using a flow cell 
and laser-based light-scatter system which assessed neu-
trophils (NE), lymphocytes (LY), and monocytes (MO). 
This generated data like mean volume (MN-V), which 
estimates the average cell size (forward scatter), mean 
conductivity (MN-C): This metric evaluates the nuclear/
cytoplasmic composition via radiofrequency impedance, 
mean median angle light scatter (MN-MALS), upper 
median angle (UMALS), lower median angle (LMALS), 
lower angle (LALS), and axial light loss (AL2). These 
methods provide quantitative insights into cellular gran-
ularity, nuclear segmentation, and cytoplasmic complex-
ity on the basis of multiangle laser scatter analysis. The 
DxH 800 integrates flow cytometric technology with 
impedance analysis to obtain VCS-derived leukocyte 
morphometric data [12, 13]. Internal quality control was 
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performed daily via Coulter Latron controls as per the 
manufacturer’s recommendations [12]. 

Statistical analysis
The data were compiled via Microsoft Excel and analyzed 
via SPSS version 22.0. Continuous variables are expressed 
as the mean ± standard deviation (SD) or median (inter-
quartile range, IQR) depending on normality (tested via 
the Shapiro–Wilk test). Group comparisons were per-
formed via the independent sample t test or Mann–Whit-
ney U test for continuous variables and the chi-square 
test for categorical variables. To assess the diagnostic 
performance of the hematological and VCS parameters, 
receiver operating characteristic (ROC) curve analysis 
was performed. The area under the curve (AUC), sen-
sitivity, and specificity were calculated to identify the 
most discriminative parameters. A p value < 0.05 was 
considered to indicate statistical significance. For multi-
variable modeling, penalized logistic regression with L1 
regularization (LASSO) was applied to identify indepen-
dent predictors of ACS status and to evaluate separation 
between ACS subtypes. Predictors were standardized 
(z scores), and missing values were imputed using the 
median. Model performance was assessed via 5-fold 
stratified cross-validation, and the results are summa-
rized as the means ± SDs of the AUC values. Coefficients 
from the final fitted models were exponentiated to obtain 
odds ratios (ORs) per 1-SD increase. A two-sided p 
value < 0.05 was considered statistically significant.

Results
In the ACS group, the majority of patients (33.77%) were 
aged 61–70 years, followed by 25.82% in the 51–60-
year age bracket. In contrast, the control group had the 
highest proportion of individuals (48.34%) in the 51–60 

years age range. Despite this difference in age distribu-
tion, the mean age of ACS patients (58.39 ± 11.39 years) 
was broadly comparable to that of the control group 
(55.14 ± 8.78 years). (Table  1). Table  2 explains the key 
cardiovascular risk factors between ACS patients and 
healthy controls. A significant difference was observed 
across all variables. Dyslipidemia status was not consis-
tently recorded for ACS patients in the available clinical 
data; however, all healthy controls had documented lipid 
profiles within normal limits as part of the routine health 
check-up protocol. BMI was not recorded in both the 
groups. Among the ACS patients, 76.15% were male and 
23.84% female. The control group had a slightly differ-
ent distribution, with 65.71% males and 34.28% females. 
Most participants, including both ACS patients and 
healthy controls, were from rural areas (59.31%). Com-
pared with healthy controls, ACS patients had lower 
hemoglobin levels. Red blood cell (RBC) counts were 
slightly greater in ACS patients, but hematocrit (HCT) 
levels were lower than in controls. Compared with con-
trols, ACS patients presented significant differences in 
MCV, MCHC, RDW, and MPV (Table 3). In contrast to 
non-ACS controls, patients with ACS demonstrated sig-
nificantly higher WBC counts, higher absolute neutro-
phil counts, higher monocyte counts, higher lymphocyte 
counts and there was a significant difference in the neu-
trophil, eosinophil and lymphocyte count percentages 
between the ACS group and the non-ACS group. There 
was an increase in the mean absolute neutrophil count, 
absolute lymphocyte count and absolute monocyte 
count in the ACS patients compared with the healthy 
control (Table  4). Among the VCS parameters, several 
showed significant differences between ACS patients 
and healthy controls. Neutrophil-related indices demon-
strated marked changes, including higher MN-V-NE and 
MN-AL2-NE values in ACS. Similarly, MN-UMALS-NE. 

Table 1  Comparison of age distribution between ACS patients 
and healthy controls
Age range ACS (n = 151) Healthy control 

(n = 140)
p – 
value

31–40 8.62% 5.00%

41–50 15.79% 15.00%

51–60 25.82% 48.30%

61–70 33.77% 25.00%

> 70 15.99% 6.00%

Mean age ± SD 
(years)

58.39 ± 11.39 55.14 ± 8.78 0.08

Table 2  Distribution of key cardiovascular risk factors in ACS 
patients versus healthy controls
Risk factor ACS (n = 151) Healthy controls (n = 140) p-value
Aspirin intake 22 (14.57%) 0 (0%) < 0.001

Hypertension 40 (26.49%) 0 (0%) < 0.001

Diabetes mellitus 30 (19.87%) 0 (0%) < 0.001

Smoking 54 (35.76%) 0 (0%) < 0.001

Table 3  Comparison of hematological parameters between ACS 
patients and healthy controls

ACS (n = 151)
Mean ± SD

Healthy controls (n = 140)
Mean ± SD

p – value

TLC 9.80 ± 3.86 6.68 ± 1.42 < 0.01

RBC 4.65 ± 1.78 4.53 ± 0.52 0.44

HGB 12.44 ± 2.77 13.80 ± 1.63 < 0.01

HCT 37.40 ± 8.00 41.00 ± 4.31 < 0.01

MCV 87.16 ± 13.50 91.07 ± 9.10 0.004

MCH 32.76 ± 14.01 30.66 ± 3.57 0.08

MCHC 33.15 ± 1.20 33.61 ± 0.91 < 0.01

RDW 16.14 ± 4.90 14.47 ± 1.38 < 0.01

PLT 191.06 ± 80.77 195.68 ± 75.75 0.61

MPV 12.36 ± 1.32 10.89 ± 1.88 < 0.01
TLC: Total Leukocyte Count (×10⁹/L), RBC: Red Blood Cell Count (×10¹²/L), HGB: 
Hemoglobin (g/dl), HCT: Hematocrit (%), MCV: Mean Corpuscular Volume 
(fl.), MCH: Mean Corpuscular Hemoglobin (pg), MCHC: Mean Corpuscular 
Hemoglobin Concentration (g/dl), RDW: Red Cell Distribution Width (%), PLT: 
Platelet Count (×103/L), and MPV: Mean Platelet Volume (fl.)
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(2.57 ± 16.41 and 0.75 ± 1.79, P < 0.0001, respectively). 
There was a statistically significant difference in the lym-
phocyte monocyte ratio between the ACS and non-ACS 
groups (3.07 ± 1.8 and 4.96 ± 7.6, P < 0.0001, respectively).

In the initial analysis, several hematological and 
VCS parameters showed statistically significant differ-
ences across ACS subgroups. For example, NSTEMI 
patients demonstrated higher MN-MALS-MO and MN-
LMALS-MO values than those with unstable angina, 
while STEMI patients showed higher WBC counts, RBC 
counts, MCH, and RDW compared with the unstable 
angina subgroup. MCV was significantly greater in unsta-
ble angina patients compared with STEMI patients, and 
absolute lymphocyte count was higher in STEMI than in 
NSTEMI. Additional differences were observed in neu-
trophil and lymphocyte ratios when each ACS subgroup 
was compared with healthy controls (Table 6). However, 
because these comparisons involved a large number of 
hematological and VCS markers, Bonferroni correc-
tion was applied to minimize the risk of false-positive 
results. After adjustment, most of the initially significant 
parameters lost statistical significance. The uncorrected 
p-values are reported for transparency, while the Bonfer-
roni-adjusted values represent the more conservative and 
statistically robust interpretation of subgroup differences.

To determine the independent contributions of the 
hematological and leukocyte VCS indices, penalized mul-
tiple logistic regression (L1-regularized logistic model) 
was performed. The model comparing ACS patients (UA, 
NSTEMI, STEMI) with healthy controls demonstrated 
excellent discrimination (mean AUC 0.98 ± 0.02,5-fold 
cross-validation). The key predictors retained in the 
model were increased total leukocyte count, reduced 
hemoglobin concentration, elevated mean platelet vol-
ume, and neutrophil conductivity and axial light loss 
parameters, highlighting the central role of inflammation, 
anemia, platelet activation, and altered leukocyte mor-
phology in ACS pathophysiology (Fig. 1).

When applied to distinguish STEMI from unstable 
angina, the model achieved only modest predictive per-
formance (mean AUC 0.65 ± 0.07), with monocyte scat-
ter indices and red cell distribution width contributing 
to the separation. Similarly, the STEMI versus NSTEMI 
model yielded limited discriminatory ability (mean AUC 
0.63 ± 0.07). These findings indicate that while hemato-
logical indices and VCS-derived indices are powerful in 
differentiating ACS patients from healthy control, they 
are insufficient alone to reliably discriminate among ACS 
subtypes. Figure  1 shows the ROC curves for the com-
bined models compared with those of selected single 
predictors (e.g., TLC, MPV, MN-C-NE), demonstrat-
ing the incremental diagnostic value of the multivariable 
approach.

Lymphocyte parameters also showed notable differences, 
with ACS patients exhibiting higher MN-V-LY and sig-
nificantly increased MN-LMALS-LY and MN-AL2-
LY. ACS patients had significantly higher MN-V-MO 
and MN-AL2-MO, while MN-C-MO and MN-LALS-
MO were significantly lower compared with controls. 
(Table  5). There was a statistically significant differ-
ence in the NLR between the ACS and non-ACS groups 

Table 4  Differential leukocyte parameters in ACS patients 
compared with healthy controls

ACS (n = 151)
Mean ± SD

Healthy controls(n = 140)
Mean ± SD

p – value

NE% 63.5 ± 17.49 56.70 ± 8.05 0.51

LY% 24.73 ± 14.18 31.57 ± 7.20 0.10

MO% 8.75 ± 4.06 7.57 ± 1.84 < 0.01

EO% 3.36 ± 3.26 3.51 ± 3.07 0.68

BA% 0.74 ± 1.49 0.62 ± 0.29 0.02

NE# 6.35 ± 3.84 3.83 ± 1.15 < 0.01

LY# 2.32 ± 1.86 2.07 ± 0.51 < 0.01

MO# 0.81 ± 0.44 0.50 ± 0.14 < 0.01

EO# 0.24 ± 0.28 0.23 ± 0.22 0.07

BA# 0.07 ± 0.20 0.02 ± 0.04 0.001
NE %: Neutrophils (percentage), LY: Lymphocytes (percentage), MO%: 
Monocytes (percentage), EO %: Eosinophils (percentage), BA%: Basophils 
(percentage), NE#: Absolute Neutrophil Count (×10⁹/L), LY#: Absolute 
Lymphocyte Count (×10⁹/L), MO#: Absolute Monocyte Count (×10⁹/L), EO#: 
Absolute Eosinophil Count (×10⁹/L), BA#: Absolute Basophil Count (×10⁹/L)

Table 5  Comparison of VCS parameters between ACS and 
healthy control
VCS parameter (au) ACS(n = 151)

(Mean ± SD)
Healthy control 
(n = 140)
(Mean ± SD)

p – 
value

MN-V-NE 152 ± 7.28 149.52 ± 5.23 0.001

MN-C-NE 142.73 ± 3.97 146.07 ± 3.81 < 0.01

MN-MALS-NE 138.87 ± 5.32 140.00 ± 6.91 0.11

MN-UMALS-NE 139.18 ± 5.43 140.95 ± 6.64 0.01

MN-LMALS-NE 134.81 ± 7.09 135.12 ± 8.47 0.71

MN-LALS-NE 164.64 ± 20.39 169.94 ± 30.83 0.07

MN-AL2-NE 142.62 ± 6.91 135.51 ± 7.63 < 0.01

MN-V-LY 90.43 ± 4.40 88.75 ± 3.32 < 0.01

MN-C- LY 114.39 ± 3.89 115.13 ± 4.70 0.14

MN-MALS- LY 71.12 ± 5.53 70.17 ± 7.30 0.22

MN-UMALS- LY 73.6 ± 8.065 73.76 ± 9.10 0.86

MN-LMALS- LY 63.44 ± 4.65 61.17 ± 6.20 < 0.01

MN-AL2- LY 69.42 ± 7.49 65.47 ± 4.90 < 0.01

MN-V-MO 175.44 ± 9.36 171.17 ± 6.28 < 0.01

MN-C- MO 122.14 ± 3.62 123.98 ± 4.01 < 0.01

MN-MALS- MO 89.07 ± 4.56 90.15 ± 5.77 0.07

MN-UMALS- MO 99.09 ± 5.15 99.81 ± 6.66 0.30

MN-LMALS- MO 75.85 ± 5.54 77.07 ± 5.39 0.06

MN-LALS- MO 88.39 ± 15.24 102.32 ± 18.79 < 0.01

MN-AL2- MO 124.78 ± 10.24 119.45 ± 8.25 < 0.01
MN: Mean, V: Volume, C: Conductivity, NE: Neutrophils, LY: Lymphocytes, MO: 
Monocytes, MALS: Median Angle Light Scatter, UMALS: Upper Median Angle 
Light Scatter, LMALS: Lower Median Angle Light Scatter, LALS: Low Angle Light 
Scatter, AL2: Axial Light Loss (secondary axis light scatter measurement
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Discussion
Our study highlights significant hematological and mor-
phometric differences between patients with ACS and 
healthy controls, with additional insights from leuko-
cyte volume, conductivity, and scatter (VCS) indices. 
ACS patients presented higher white blood cell (WBC) 
counts; increased absolute neutrophil, lymphocyte, and 
monocyte counts; lower hemoglobin; and elevated mean 
platelet volume (MPV) and red cell distribution width 
(RDW) than controls did, reinforcing the role of systemic 
inflammation in ACS pathophysiology [1–5].

Neutrophils, the predominant WBC subset and prin-
cipal effectors in acute inflammation, secrete cytokines 
and enzymes that increase leukocyte recruitment and 
promote atherosclerotic plaque destabilization [10, 18]. 
Historical and contemporary studies consistently dem-
onstrate that higher leukocyte counts predict myocar-
dial infarction and adverse cardiovascular outcomes 
[19–21]. Our findings corroborate these associations, 
with elevated neutrophil counts and higher NLRs in ACS 
patients than in controls. However, no significant differ-
ences in neutrophil VCS parameters (mean volume, con-
ductivity, scatter) were observed among ACS subtypes 
(STEMI, NSTEMI, unstable angina), suggesting that 
while inflammation is a hallmark of ACS, VCS-derived 
neutrophil morphology alone may not discriminate ACS 

phenotypes, a result that is not fully consistent with prior 
reports of phenotypic neutrophil variation in ACS [22].

Monocytes, which are central to atherogenesis, exhib-
ited elevated absolute counts in ACS patients. Our VCS 
analysis revealed increased mean volume and altered 
scatter indices of monocytes in ACS patients compared 
with controls. Importantly, NSTEMI patients demon-
strated significantly greater monocyte scatter (MN-
MALS, LMALS) than unstable angina and STEMI 
patients did, suggesting subtype-specific differences in 
monocyte activation or nuclear complexity. Prior stud-
ies have emphasized the pathogenic role of intermediate 
and non-classical monocytes in promoting plaque insta-
bility and adverse outcomes [23, 24]; Several hematologi-
cal and VCS parameters differed across ACS subgroups 
in our study, but these findings must be interpreted cau-
tiously due to potential confounders such as inflamma-
tion, comorbidities, medication use, and pre-analytical 
variability.

Even so, the biological plausibility remains strong, as 
neutrophil and monocyte activation, platelet reactiv-
ity, and stress-related lymphocyte changes are well-rec-
ognized in ACS and align with the patterns observed 
in this study. Notably, although some parameters were 
initially significant, most lost significance after Bonfer-
roni correction, indicating that the uncorrected results 

Table 6  Comparative analysis of hematological and VCS parameters across UA, NSTEMI, and STEMI groups
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may reflect multiple testing effects. The corrected values 
therefore provide a more conservative interpretation, and 
larger studies with external validation are needed to con-
firm these associations.

Both the NLR and MLR were elevated in ACS patients 
compared with controls, which is consistent with the 
literature linking these ratios to cardiovascular risk and 
adverse outcomes following ACS and PCI [25–28]. 
Although our study did not establish predictive cutoffs 
for the NLR or MLR within subgroups, these findings 
reinforce their utility as accessible inflammatory bio-
markers in ACS management.

The increased RDW and MPV in ACS patients align 
with evidence that anisocytosis and platelet activation 
reflect underlying endothelial dysfunction and throm-
botic propensity [29, 30]. Interestingly, we observed 
slightly higher RBC counts in ACS patients than in stud-
ies reporting lower RBC counts in patients with advanced 
disease [4]. This discrepancy may reflect population dif-
ferences or early disease representations in our cohort.

Our study is the first to systematically analyze leu-
kocyte VCS parameters in ACS and ACS patients. 
While these parameters have been evaluated in sepsis, 
COVID-19, and other infectious conditions [12–14], 
their role in cardiovascular disease remains underex-
plored. We observed greater mean neutrophil and mono-
cyte volumes and altered conductivity in ACS patients, 

paralleling the inflammatory signatures described in 
sepsis and COVID-19 patients [13, 14]. This convergence 
suggests that leukocyte morphometric remodeling is a 
nonspecific but conserved feature of systemic inflamma-
tion. However, unlike in sepsis, where neutrophil VCS 
cutoffs achieve strong diagnostic utility [12].

In the multivariable L1-regularized logistic regres-
sion model, elevated WBC count, reduced hemoglobin, 
higher MPV, and lower neutrophil conductivity (MN-C-
NE) emerged as independent predictors of ACS, along 
with monocyte and neutrophil scatter indices such as 
MN-LALS-MO and MN-AL2-NE respectively. These 
associations reflect biologically plausible mechanisms 
involving leukocyte activation, anemia, platelet reactiv-
ity, and inflammatory cell morphodynamics. However, 
when the same approach was applied to distinguish 
between ACS subtypes, no predictors retained statisti-
cal significance (all p > 0.05), consistent with the lim-
ited discriminatory performance of these models (AUC 
0.63–0.65). Although the combined model for CAD vs. 
non-CAD initially showed a very high AUC, this likely 
reflects optimistic bias inherent in high-dimensional data 
and emphasizes the need for cautious interpretation and 
external validation. Importantly, routine hematological 
indices and VCS parameters remain inexpensive, rapidly 
obtainable, and widely available on standard hematol-
ogy analyzers, supporting their potential role as low-cost 

Fig. 1  ROC Curves and Predictor Importance for ACS vs. Healthy Control Classification. A Receiver Operating Characteristic (ROC) curves comparing 
the performance of individual hematological/VCS parameters and their combination in differentiating ACS from healthy control. The combined model 
achieved an AUC of 1.00, while individual predictors such as WBC (AUC = 0.79), MPV (AUC = 0.72), and MN-C-NE (AUC = 0.72) showed moderate discrimi-
native ability. B Standardized coefficients (L1 logistic regression) of the top predictors in the combined model. MN-AL2-NE, MN-LALS-MO, and MN-C-LY 
emerged as the strongest positive predictors, whereas features such as MN-UMALS-MO and WBC contributed negatively to classification
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adjunct diagnostic tools in settings where advanced bio-
markers or imaging may be limited. Future studies with 
larger cohorts and fully nested validation frameworks 
should further evaluate specific VCS signatures, explore 
integration with machine-learning algorithms, and deter-
mine their prognostic value in long-term cardiovascular 
risk stratification.

Conclusion
In summary, hematological indices and leukocyte VCS 
parameters demonstrated meaningful discriminatory 
ability for identifying ACS, with several markers—includ-
ing elevated WBC counts, reduced hemoglobin, higher 
MPV, and altered neutrophil and monocyte scatter indi-
ces—emerging as independent predictors. These findings 
reflect the central role of inflammation, anemia, platelet 
activation, and leukocyte morphologic changes in ACS. 
Although the multivariable model showed high appar-
ent accuracy, this performance is likely influenced by 
optimistic bias inherent in high-dimensional data and 
therefore requires cautious interpretation and external 
validation. In contrast, the ability of these parameters to 
differentiate ACS subtypes was modest, indicating that 
they are best used in conjunction with clinical, ECG, 
and biochemical information for effective risk stratifica-
tion. Given their low cost and widespread availability on 
routine hematology analyzers, hematological and VCS 
metrics hold promise as accessible adjunct tools for early 
ACS assessment, particularly in resource-limited set-
tings. Larger, prospective, multicenter studies with rigor-
ous validation frameworks are needed to confirm their 
diagnostic and prognostic utility.

Limitations of the study
This study has several limitations. First, the sample size—
particularly within ACS subgroups—was modest, which 
may have reduced the power to detect meaningful differ-
ences between STEMI, NSTEMI, and unstable angina. 
Second, although median imputation was performed to 
address missing clinical variables, the high proportion 
of missingness for comorbidities and medication his-
tory. Furthermore, dyslipidemia status was incompletely 
documented among ACS patients, and BMI values were 
unavailable for both groups. The absence of these key 
metabolic risk variables restricts comprehensive adjust-
ment for confounding and may influence the observed 
associations. Third, the multivariable model demon-
strated a very high apparent AUC, raising the possibility 
of optimistic bias or subtle data leakage, as preprocessing 
steps may not have been fully nested within the cross-
validation procedure. Fourth, many initially significant 
associations did not remain significant after Bonferroni 
correction, indicating that several findings should be 
interpreted as exploratory. Fifth, VCS parameters may be 

influenced by pre-analytical factors such as sample han-
dling time and underlying inflammatory states, which 
were not fully controlled in this retrospective dataset. 
Finally, the absence of external validation limits the gen-
eralizability of the predictive model and the VCS signa-
tures identified. Larger, prospective, multicenter studies 
with rigorous validation frameworks are needed to verify 
these finding.
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