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Abstract

Background: The systemic immune-inflammation index (SII) and the systemic inflammation response index (SIRI) are
inflammatory biomarkers derived from neutrophil (N), platelet (P), lymphocyte (L), and monocyte (M) counts. These
indices have been associated with prognostic value in patients with coronary artery disease (CAD) and may contribute
to risk stratification in acute coronary syndrome (ACS).

Objectives: To evaluate the independent association between inflammatory hematologic indices and ACS phenotypes
and to explore their relationship with cardiovascular risk factors.

Methods: This retrospective study analyzed data collected from medical records between July 2022 and July 2023,
including 333 patients aged > 18 years of both sexes diagnosed with ACS and admitted to the emergency department of
a public hospital in the state of Sao Paulo, Brazil. Sample was divided into two groups: i) ST-segment elevation myocardial
infarction (STEMI) and ii) non-ST-segment elevation myocardial infarction plus unstable angina (NSTEMI+UA). SII was
calculated as N x P /L and SIRI as N X M /L. The association between inflammatory indices and ACS phenotypes was
assessed using multivariable logistic regression models. Statistical significance was set at 5%.

Results: Higher values of the inflammatory indices SII (odds ratio [OR], 2.27; 95%Cl, 1.66-3.10) and SIRI (OR, 2.92;
95%Cl, 2.15-3.96), as well as a history of smoking, were independently associated with a higher likelihood of STEMI
diagnosis. Additionally, the STEMI group showed significantly higher values of SII, SIRI, MLR, NLR, and PLR compared
with the NSTEMI+UA group.

Conclusions: Higher SIl and SIRI values were independently associated with STEMI diagnosis, which suggests these

indices may reflect differences in the inflammatory profile across ACS phenotypes.

Keywords: Inflammation; Biomarcadores; Acute Coronary Syndrome; Coronary Artery Disease.
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Introduction

Coronary artery disease (CAD) can present in chronic
form (stable angina) or as acute manifestations, including
ST-segment elevation myocardial infarction (STEMI), non-
ST-segment elevation myocardial infarction (NSTEMI), and
unstable angina (UA)." Such conditions are associated with
an inflammatory profile. When an atherosclerotic plaque
approaches rupture, it releases metabolites and necrotic
products, resulting in increased expression of inflammatory
markers.>* One approach to assessing inflammatory processes
in CAD is through leukocyte counts obtained from a complete
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blood count, a widely accessible test.* In addition to reflecting
systemic inflammation, markers derived from these counts
have been identified as independent predictors of mortality
in myocardial infarction (MI).*

The systemic immune-inflammation index (SIl) and the
systemic inflammation response index (SIRI) reflect the
interaction between inflammatory and immune status and
the risk of cardiovascular disease.” Both SII and SIRI have
recently been investigated as novel prognostic markers for
cardiovascular and all-cause mortality.>” Increased SIl has been
described as an independent predictor of adverse outcomes in
CAD, including stable angina, STEMI, and NSTEMI.® However,
the relationship between SIRI and acute coronary syndrome
(ACS) phenotypes remains insufficiently characterized.
Notably, both indices are low-cost and easily applicable,
and their combined use may provide complementary
information with greater prognostic accuracy. In addition,
most studies evaluating these markers have been conducted
in non-Brazilian populations, which highlights the relevance
of investigating their role in a Brazilian cohort.
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Association Between Inflammatory Hematologic Indices and ACS Phenotypes. DM: diabetes mellitus; MI: myocardial infarction; NSTEMI:
non-ST-segment elevation MI; OR: odds ratio; SlI: systemic immune-inflammation index; SIRI: systemic inflammation response index;
STEMI: ST-segment elevation MI; UA: unstable angina; ACS: acute coronary syndrome.

Accordingly, the primary objective of this study was  smoking history, and prior Ml), and laboratory parameters
to evaluate the independent association between the  were collected. Hypertension was defined as blood pressure
systemic inflammatory indices SII and SIRI and different > 140/90 mmHg, and DM as fasting glucose > 125 mg/dL
ACS presentations, comparing patients with STEMI and  or glycated hemoglobin > 6.5%. The remaining variables,
NSTEMI+UA. Secondary objectives included exploring  including hypercholesterolemia, smoking history, prior M, and
differences in inflammatory indices according to the presence  angina, were self-reported. There was no documentation in
of cardiovascular risk factors and examining the distribution the medical records regarding prior medication use, including

of these factors across ACS phenotypes. lipid-lowering therapies, before hospital admission. From
the time of emergency care, all patients received simvastatin

at a dose of 40 mg, which was maintained throughout
Methods hospitalization.

Laboratory data, including leukocyte, neutrophil (N),

Study design and population monocyte (M), platelet (P), and lymphocyte (L) counts
A retrospective, single-center study was conducted using ~ obtained on the day of emergency admission, were used to
data obtained from medical records between July 2022 and calculate inflammatory hematologic indices. The monocyte-
July 2023. The study included patients aged > 18 years of ~ to-lymphocyte ratio (MLR) was calculated by dividing the
both sexes with a diagnosis of ACS who were admitted to M count by the L count, the neutrophil-to-lymphocyte ratio

the emergency department of a public hospital in the state  (NLR) by dividingthe N countby the L count, and the platelet-
of Sao Paulo, Brazil. to-lymphocyte ratio (PLR) by dividing the P count by the L

count. Such cell counts were also used to calculate Sll, which
was calculated as N x P/ L, and SIRI, which was calculated

Ethical approval asN X M/ L.

This study was submitted to the hospital’s human research
ethics committee, which approved the protocol and waived

. . Statistical analysis
the requirement for informed consent.

For the analyses, the sample was divided into two groups:
STEMI and NSTEMI+UA, the latter comprising patients with
NSTEMI or UA. Continuous variables were tested for normality

Data on patients’ clinical history, comorbidities  using the Shapiro-Wilk test. Normally distributed data were
(hypertension, hypercholesterolemia, diabetes mellitus [DM], presented as mean * standard deviation and analyzed using

Clinical and laboratory data collection
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the unpaired t test (independent samples). Nonparametric
data were presented as median [interquartile range] and
compared using the Mann-Whitney test. Categorical variables
were presented as absolute values and percentages and
analyzed using the chi-square (x?) test.

The association between inflammatory hematologic
indices (SIl and SIRI) and ACS phenotypes was assessed using
binary logistic regression models, with STEMI diagnosis as the
outcome. Odds ratios (ORs) and corresponding 95%Cls were
estimated. Models were adjusted for age, sex, hypertension,
hypercholesterolemia, DM, smoking history, and prior MI.
Due to skewed distribution and wide variability, SIl and SIRI
were log-transformed using the natural logarithm (InSll and
InSIRI) before inclusion in the models.

Because of the high collinearity between SlI and SIRI, two
separate adjusted multivariable models were specified, each
including only one inflammatory marker. A p-value < 0.05 was
considered statistically significant in all analyses. All statistical
analyses were performed using jamovi (version 2.6), a free,
open-source statistical software (The jamovi project, 2025,
https://www.jamovi.org) .

Results

The sample included 333 patients, 66.7% male, with a mean
age of 61.5 = 11.6 years. Of these, 48.9% (163 patients) were
diagnosed with STEMI, 41.7% (139 patients) with NSTEMI, and
9.3% (31 patients) with UA. Comorbidity analysis showed that
64% had hypertension, 29.7% DM, 28.5% dyslipidemia, 51.7%
a history of smoking, and 18.3% a prior Ml.

When patients were grouped according to ACS diagnosis
(two groups: STEMI and NSTEMI+UA), a statistically

significant difference in sex distribution was observed between
groups. Women were more frequent in the NSTEMI+UA
group, whereas men predominated in the STEMI group.
Hypertension, dyslipidemia, and DM were significantly more
frequent among patients with NSTEMI+UA. Smoking was
more frequent in the STEMI group. Patients with 3 or more
comorbidities were more prevalent in the NSTEMI+UA group.
There was no significant difference between diagnostic groups
regarding prior MI. Similarly, no significant age difference was
observed between groups. The clinical characteristics of the
sample are presented in Table 1.

Analyses of inflammatory hematologic indices demonstrated
significant differences between the groups. Patients in the
STEMI group had significantly higher values of MLR (0.4 vs.
0.2), NLR (5.7 vs. 3.2), PLR (136 vs. 118), SIl (1257 vs. 764),
and SIRI (4.1 vs. 1.7) compared with those in the NSTEMI+UA
group, reflecting higher levels of inflammation (Figure 1).

Inflaimmatory hematologic indices were further compared
according to the presence of cardiovascular risk factors,
with analyses stratified by ACS phenotype. Among patients
with STEMI, individuals with a history of smoking showed
significantly lower values of MLR, NLR, SII, and SIRI
compared with nonsmokers. In this group, SIRI values were
also significantly lower in patients with hypercholesterolemia
(Table 2). In the NSTEMI+UA group, patients with hypertension
had significantly higher PLR values, whereas smokers had
lower NLR values and a trend toward decreased SII (Table 3).

In multivariable logistic regression models, higher values
of SIl and SIRI were independently associated with a greater
likelihood of STEMI diagnosis after adjustment for age, sex,
hypertension, hypercholesterolemia, DM, smoking history,

Table 1 - Clinical characteristics of the study population according to ACS diagnostic status

Variable Total (n =333, 100%) STEMI (n =163, 48.9%) NSTEMI+UA (n=170, 51.1%)  p-value
Age (years) 61.5+11.6 60.3+10.7 62.7+12.3 0.116
Sex, n (%)
Female 111 (33.3) 44 (39.6) 67 (60.4)* 0.016
Male 222 (66.7) 119 (53.6) 103 (46.4)
Comorbidities, n (%)
Hypertension 213 (64.0) 90 (42.3) 123 (57.7)* 0.001
Hypercholesterolemia 95 (28.5) 32(33.7) 63 (66.3)* <0.001
DM 99 (29.7) 36 (36.4) 63 (63.6)* 0.003
Smoking history 172 (51.7) 94 (54.7)* 78 (45.3) 0.031
Prior MI 61(18.3) 25 (41.0) 36 (59.0) 0.169
Number of comorbidities, n (%) 0.009

0 34(10.2) 21(61.8) 13(38.2)

1-2 194 (58.3) 103 (53.1) 91 (46.9)

>3 105 (31.5) 39 (37.1) 66 (62.9)*

DM: diabetes mellitus; MI: myocardial infarction; NSTEMI: non-ST-segment elevation MI; UA: unstable angina; STEMI: ST-segment

elevation MI.
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Figure 1 - Inflammatory hematologic indices according to ACS diagnostic status. Source: Prepared by the authors. *p < 0.05; **p < 0.001.
MLR: monocyte-to-lymphocyte ratio; NLR: neutrophil-to-lymphocyte ratio, NSTEMI: non-ST-segment elevation myocardial infarction;
PLR: platelet-to-lymphocyte ratio; Sil: systemic immune-inflammation index; SIRI: systemic inflammation response index; STEMI:
ST-segment elevation myocardial infarction; UA: unstable angina.

and prior MI. In the model including SlI, each unit increase
in the InSIl was associated with a 2.27-fold higher odds of
STEMI diagnosis (OR, 2.27; 95%Cl, 1.66-3.10). Similarly, in
the model including SIRI, each unit increase in the InSIRI was
associated with a 2.92-fold higher odds of STEMI diagnosis
(OR, 2.92; 95%Cl, 2.15-3.96). The full results of the adjusted
models are presented in Table 4 and Table 5.

Discussion

In this ACS cohort, we identified a consistent association
between the inflammatory hematologic indices SIl and SIRI
and the STEMI phenotype, even after adjustment for relevant
clinical factors. These findings suggest that Sl and SIRI could
be used as prognostic markers in ACS. This reinforces the
existing evidence for Sl and adds to the support for the role
of SIRI in CAD within a Brazilian cohort.

Patients with CAD are known to exhibit increased
inflammatory markers, such as leukocyte count and high-
sensitivity C-reactive protein (hs-CRP), which are associated
with increased cardiovascular risk,® impaired myocardial
perfusion,®'® atherosclerotic plaque instability," and
mortality.’> These observations highlight the importance of

monitoring and controlling inflammatory biomarkers as part
of clinical assessment. Biomarkers derived primarily from three
cellular lineages (i.e., N, L, and P) have been increasingly
investigated as relevant prognostic markers. Among the most
commonly used are the PLR and the NLR. Both NLR and PLR
have been identified as strong independent predictors of major
adverse cardiovascular events (MACE) in patients with STEMI."?
PLR has been reported as an effective predictor of severe
atherosclerosis, whereas increased NLR has been associated
with worse clinical outcomes in both ACS and stable CAD,
particularly among patients undergoing percutaneous coronary
intervention. In addition, NLR has been linked to the severity
and complexity of CAD as assessed by the SYNTAX score."?

In the present study, patients with STEMI showed higher
values of MLR, NLR, and PLR. Furthermore, when evaluating
the inflammatory profile using SIl and SIRI, indices that
incorporate three distinct immune cell types and therefore
reflect both immune response and inflammatory status, our
findings reinforce the association of a more pronounced
inflammatory state with the more severe ACS phenotype.
These results support the use of low-cost, easily obtainable
clinical markers with potential applicability in population-
level settings.

Int J Cardiovasc Sci. 2026; 39:e20250264
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Table 4 — Adjusted logistic regression model for the association
between InSIl and STEMI diagnosis

Predictor p-value OR 95%Cl
ISl <0.001 227 1.66-3.10
Sy 0.013 1.85 1.14-3.00
history

Binary logistic regression model adjusted for age, sex,
hypertension, DM, hypercholesterolemia, smoking history, and
prior MI. The inflammatory index was included after natural
logarithmic transformation (InSll). The model estimates the
odds of STEMI diagnosis compared with the NSTEMI+UA
group. DM: diabetes mellitus; InSll: natural logarithm of
the systemic immune-inflammation index; MI: myocardial
infarction; NSTEMI: non-ST-segment elevation MI; OR: odds
ratio; STEMI: ST-segment elevation MI; UA: unstable angina.

In our analysis, nonsmoking patients with STEMI exhibited
higher Sll values. This association is likely more closely related
to the STEMI phenotype itself than to smoking status prior to
hospitalization. One possible explanation is that patients in
the STEMI group were in a more pronounced inflammatory
state due to the acute phase of MI, characterized by plaque
instability and the release of proinflammatory mediators as
well as the overall severity of the clinical condition.

Additionally, other paradoxical associations were observed,
such as the presence of dyslipidemia being associated with
lower SII and SIRI values. This finding may be related to the
effects of lipid-lowering therapy prior to hospitalization, most
commonly statin use. Lower Sl values may reflect reduced
systemic inflammation due to the anti-inflammatory effects
of statins.’ Similarly, SIRI levels may also be influenced by
statin therapy, given that both indices are derived from related
cellular components.*

The anti-inflammatory effects of statin therapy are well
established, including reductions in cardiovascular outcomes,
as demonstrated in the JUPITER trial."* Zhang et al. also
conducted a meta-analysis evaluating C-reactive protein (CRP)
concentrations across different types and doses of statins,
showing beneficial effects, including long-term outcomes.'
The PRINCE study further demonstrated pravastatin 40 mg/day
significantly decreased plasma levels of CRP, independently
of any changes in LDL-C concentrations."®

Although statins are the most extensively studied agents,
other lipid-lowering therapies have also been investigated and
have shown similar effects. Morrone et al. reported greater
CRP reduction with combination therapy using ezetimibe and
statins compared with statin monotherapy.'” In the HOPE-3
trial, conducted in patients at intermediate cardiovascular
risk, rosuvastatin decreased the levels of hs-CRP and MACE
independently of lipid concentrations.'® Bempedoic acid,
evaluated in the CLEAR Outcomes trial, reduced the levels
of LDL-C and hs-CRP by approximately 20% in patients
intolerant to statins.' Lomitapide and mipomersen have also
demonstrated potential anti-inflammatory effects in the setting
of familial hypercholesterolemia.?® Overall, these findings

Table 5 — Adjusted logistic regression model for the association
between InSIRI and STEMI diagnosis

Predictor p-value OR 95%ClI
InSIRI <0.001 2.92 2.15-3.96
S 0.004 213 1.28-3.56
history

Binary logistic regression model adjusted for age, sex,
hypertension, DM, hypercholesterolemia, smoking history, and
prior MI. The inflammatory index was included after natural
logarithmic transformation (InSIRI). The model estimates the
odds of STEMI diagnosis compared with the NSTEMI+UA
group. DM: diabetes mellitus; InSIRI: natural logarithm of
the systemic inflammation response index; MI: myocardial
infarction; NSTEMI: non-ST-segment elevation MI; OR: odds
ratio; STEMI: ST-segment elevation MI; UA: unstable angina.

support the observation of a lower inflammatory profile in
patients with dyslipidemia, likely reflecting the effects of lipid-
lowering therapies, predominantly statins.

Another relevant finding is the sex-based difference in ACS
phenotypes. Women were more frequently associated with
NSTEMI+UA (60.4% of women), whereas men were more
frequently associated with STEMI (53.6% of men). CAD in
women is more likely to present as less obstructive and more
diffuse disease, with a greater contribution of microvascular
and inflammatory components, and a higher likelihood of
plaque disruption or instability compared with men.*!

Attenuation of the inflammatory process is critical for
the prevention of cardiovascular outcomes, particularly in
higher-risk individuals?? Risk stratification using inflammatory
biomarkers is therefore clinically relevant, as it enables early
identification of patients with more severe disease.?*** In this
context, both Sl and SIRI may allow early detection of the
intensity of the inflammatory process, contributing to risk
stratification and identification of patients with more severe
ACS phenotypes. However, further investigation is needed,
including larger, well-designed, randomized studies to better
define the clinical utility of these indices.

In the present study, complete blood count parameters
were collected within the first 24 h after hospital admission,
reflecting the inflammatory profile of the early acute phase
of ACS. The inflammatory response to ischemic injury is
dynamic, with temporal variations in leukocyte subpopulations
over the hours and days following symptom onset. The acute
proinflammatory response is intense but transient, followed by
a reparative anti-inflammatory phase associated with cardiac
remodeling.?* Therefore, the timing of blood collection may
influence the absolute values of hematologic inflammatory
indices. However, the proinflammatory state appears to persist
for up to 72 h after the event.?” Thus, sampling within the first
24 h captures the initial phase of inflammation. In addition,
early sampling minimizes potential interference from therapies
initiated during hospitalization, providing a more accurate
representation of the initial inflammatory response associated
with ACS phenotype. Although serial measurements of these

Int J Cardiovasc Sci. 2026; 39:e20250264
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indices over time may provide additional insights into the
inflammatory trajectory, this aspect was not addressed in the
present study and should be explored in future investigations.

Study limitations

We acknowledge several limitations of this study. Its
retrospective and single-center design may limit generalizability.
Data were obtained from hospital records, which restricted the
availability of variables and the scope of analyses. The absence
of clinical and laboratory outcome data limits the assessment
of the predictive value of inflammatory indices for MACE. P,
N, and L counts were measured only once at admission, with
no serial follow-up during hospitalization.

In addition, some laboratory parameters, such as uric acid and
hs-CRP, could not be evaluated due to the lack of available data.
The individual impact of specific medications, including lipid-
lowering therapies, could not be assessed despite their known
influence on inflammatory status. The use of medical records may
have introduced selection bias and led to the exclusion of patients
with incomplete data, while also limiting sociodemographic
diversity and reducing representativeness of the broader Brazilian
population. Future studies, preferably prospective in design, are
needed to further investigate these associations.

Conclusion

The inflammatory indices SIl and SIRI were independently
associated with the STEMI phenotype, suggesting their
potential role as markers of inflammatory stratification in ACS.
These findings support the use of hematologic inflammatory
indices as potential tools for risk stratification during the
acute phase of ACS. The observed association indicates a
higher inflammatory burden and greater disease severity in
patients with STEMI compared with those with NSTEMI+UA
(Central lllustration). Early characterization of the inflammatory
profile may be clinically relevant for risk stratification in this
population.
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