Access this article online
Quick Response Code:

OEIn

[=]

Website:

www.scie.online

DOI:
10.14744/scie.2026.07455

'Department of Internal
Medicine, University of
Health Sciences, Fatih
Sultan Mehmet Training
and Research Hospital,
Istanbul, Ttirkiye
2Department of Chest
Diseases, Okan University
Faculty of Medicine,
Istanbul, Ttirkiye

Muzeyyen Eryllmaz,
Universty of Health
Science, Fatih Sultan
Mehmet Training and
Research Hospital,
Department of Internal
Medicine, Atasehir,
Istanbul, Turkiye
E-mail:
drmuzeyyeneryilmaz@
hotmail.com

09.01.2026
12.06.2026
29.09.2026

Evaluating Smoking-Related Systemic
Inflammation Through Hematological
Indices: A Cross-Sectional Study

Mizeyyen Eryillmaz,' © llkay Keskinel,? ©© Lara Turkeli?

Abstract

Objective: Smoking is a deleterious habit with profound health consequences, often resulting
in systemic inflammation that contributes to chronic diseases. We aimed to investigate how dif-
ferent types of exposure (active or passive smoking) affect systemic inflammatory responses,
compared to non-smokers.

Methods: This retrospective, single-center study included 306 healthy individuals categorized
according to smoking status, with a predominantly female population (253 females and 53
males). Hematologic inflammatory markers, including the systemic immune inflammation in-
dex (Sll), systemic inflammation response index (SIRI), neutrophil/lymphocyte ratio (NLR), and
platelet/lymphocyte ratio (PLR) were assessed alongside C-reactive protein (CRP) levels. A
CRP level =3 mg/L was considered to define systemic inflammation.

Results: Among active smokers, SIRI was the only marker that showed a statistically signif-
icant diagnostic value for identifying elevated CRP levels (AUC=0.662, 95% CI:0.522—-0.802,
p=0.021), whereas the remaining indices were not significant in any group.

The optimal cut-off value for SIRI was 1.50, with a sensitivity of 38.1% and a specificity of
95.8%. In passive smokers and non-smokers there was no significant association was ob-
served between hematologic indices and CRP levels.

Conclusions: SIRI may be a helpful and easily accessible parameter for assessing the inflam-
matory response in active smokers. Although its discriminatory performance was modest, its
derivation from routine complete blood count parameters may support its use as an adjunctive
marker in clinical evaluation.

Keywords: Smoking; Systemic Immune Inflammation Index (Sll); Systemic Inflammation Re-
sponse Index (SIRI); Neutrophil/Lymphocyte Ratio (NLR); Platelet/Lymphocyte Ratio (PLR);
C-Reactive Protein (CRP)

Introduction

Cigarette smoking continues to be a
significant contributor to global mor-
bidity and mortality. It exerts systemic ef-
fects by introducing toxic agents, such as

nicotine, carbon monoxide, and free rad-
icals that initiate oxidative stress and dis-
rupt immune balance.!"! These agents trig-
ger chronic inflammation, particularly in
mucosal systems like the respiratory tract,
increasing susceptibility to cardiovascular
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disease, cancer, and neurodegenerative disorders.

Recent research highlights the utility of hematological
markers for quantifying systemic inflammation. Indices
such as the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), systemic immune
inflammation index (SII), and systemic inflammation re-
sponse index (SIRI) provide accessible metrics derived
from standard complete blood counts.?! These have
demonstrated clinical value in conditions ranging from
cardiovascular disorders to malignancies.>*!

C-reactive protein (CRP), an acute-phase reactant, re-
flects inflammatory burden and is considered elevated at
values =3 mg/L, a level commonly associated with car-
diometabolic risk./*®!

This study aims to evaluate the influence of smoking
status on hematological inflammation indices and to de-
termine how well these markers identify CRP-defined
systemic inflammation. By doing so, it seeks to clarify
the clinical utility of routine blood count-derived indices
for the early detection of smoking-related inflammatory
responses.

Materials and Methods

This retrospective cross-sectional study involved healthy
individuals who visited the internal medicine outpatient
clinics of a training and research hospital between Jan-
uary 1, 2023, and July 1, 2024. Participants were included
through simple random sampling, provided they met
predefined eligibility criteria.

Participants were eligible if they were aged between 18
and 70 years and had no history of chronic illnesses or
current treatments that could affect inflammatory mark-
ers. The study excluded individuals with conditions such
as malignancies, autoimmune disorders, diabetes melli-
tus, or any acute infections. Also excluded were those
using corticosteroids or NSAIDs, pregnant individuals,
and those with hematological or biochemical abnormali-
ties or regular alcohol or substance use.

Subjects were grouped based on smoking status: Group I
(active smokers), Group II (non-smokers), and Group III
(passive smokers). The analysis compared age, gender,
and systemic inflammatory markers-SII, SIRI, NLR, PLR,
and CRP-across these groups.

The hematological inflammatory indices were calculated
using the following formulas:
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SII = (Neutrophil count x Platelet count) / Lymphocyte
count

SIRI = (Neutrophil count x Monocyte count) / Lympho-
cyte count

NLR = Neutrophil count / Lymphocyte count
PLR = Platelet count / Lymphocyte count

CRP levels were dichotomized using the threshold of =3
mg/L to denote systemic inflammation. Hematological
indices were calculated using standard formulas based
on neutrophil, lymphocyte, monocyte, and platelet
counts derived from routine complete blood counts.

Ethical approval for the study was obtained from a local
ethics committee on July 30, 2024. All procedures were
performed in accordance with the principles outlined in
the Declaration of Helsinki.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY, USA).
Because the study variables did not follow a normal
distribution, non-parametric methods were used. Con-
tinuous variables, including age and hematological in-
flammatory indices (SII, SIRI, NLR, and CRP), were com-
pared among the three smoking-status groups (active
smokers, non-smokers, and passive smokers) using the
Kruskal-Wallis test. Categorical variables, such as sex
distribution and the proportion of with CRP > 3 mg/L,
were evaluated using the chi-square test.

To assess the ability of hematological indices to identify
systemic inflammation, receiver operating characteristic
(ROC) curve analysis was conducted separately for each
smoking group. Systemic inflammation was defined as
CRP =3 mg/L, and the area under the curve (AUC) val-
ues with corresponding p-values were calculated for SII,
SIRI, NLR, and PLR. A p-value <0.05 was considered sta-
tistically significant.

Results

In total, 306 participants were enrolled in the study, in-
cluding 253 females and 53 males. Group I included 93
individuals (67 females, 26 males), Group II comprised
149 (134 females, 15 males), and Group III included 64
participants (52 females, 12 males). Female participants
were predominant in all groups. A statistically signif-
icant difference in gender distribution was observed
among the groups (p=0.002).
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Table 1 presents demographic data and hematological
marker values. Mean age was comparable across the
groups (Group I: 36.4+12.7; Group II: 37.1+13.2; Group
III: 34.0£13.5; p=0.224). Mean CRP levels were slightly
higher in passive smokers (4.11+8.10 mg/L), but this dif-
ference was not statistically significant (p=0.528).

Among the inflammatory indices, SII, SIRI, and NLR did
not significantly differ between the groups. However,
PLR values showed a statistically significant variation
(p<0.001), being higher in passive and non-smokers
compared to active smokers

As shown in Table 2, only SIRI demonstrated statistically

significant diagnostic value in active smokers, with an
AUC of 0.662 (95% CI: 0.522-0.802, p=0.021). ROC analy-
sis identified an optimal SIRI cut-off value of 1.50, yield-
ing a sensitivity of 38.1% and a specificity of 95.8%. Other
indices, including SII (p=0.296), NLR (p=0.332), and
PLR (p=0.339), failed to show significant discriminatory
power in this group.

In non-smokers and passive smokers, none of the mark-
ers, SIRL, SII, NLR, or PLR, demonstrated significant
diagnostic performance for identifying CRP levels =3
mg /L. While SII had the highest AUC value among non-
smokers (0.582), it did not achieve statistical significance
(p=0.117).

Table 1. Comparison of demographic characteristics and hematological inflammatory markers among the three smoking status groups

Variable Group | Group Il Group Il p-value
(Active smokers) (n=93) (Non-smokers) (n=149) (Passive smokers) (n=64)

Age (year) 37.0 [25.0-44.0] 38.0 [25.0-46.0] 32.5 [22.8-43.0] 0.224
Gender 0.002
Male, n (%) 26 (28.0) 15 (10.1) 12 (18.8)

Female, n (%) 67 (72.0) 134 (89.9) 52 (81.2)

CRP (mg/L) 1.39 [0.60-2.74] 1.32[0.61-2.67] 1.60 [0.65-3.72] 0.528
Sl 461.30 [343.00-619.90] 484.77 [357.89-666.67] 556.54 [379.73-704.80] 0.124
SIRI 0.77 [0.61-1.12] 0.75[0.51-0.95] 0.75[0.58-1.20] 0.352
NLR 1.74 [1.37-2.23] 1.81 [1.46-2.41] 1.84 [1.51-2.38] 0.250
PLR 104.09 [82.69-133.33] 124.62 [95.62—-156.60] 131.06 [104.82—-167.20] <0.001

Values are presented as median [interquartile range (IQR)] for continuous variables and n (%) for categorical variables. Group comparisons for continuous variables
were performed using the Kruskal-Wallis test, while categorical variables were analyzed using the chi-square test. Sll: Systemic Immune-Inflammation Index; SIRI:
Systemic Inflammation Response Index; NLR: Neutrophil-to-Lymphocyte Ratio; PLR: Platelet-to-Lymphocyte Ratio; CRP: C-reactive protein.

Table 2. p-values of SlI, SIRI, NLR, and PLR by ROC analysis across smoking status group

Group Marker AUC 95% ClI p-value  Cut-off Sensitivity (%) Specificity (%)
Group | (Active smokers) (n=93) Sl 0.577 0.434-0.720 0.288 - - -
SIRI 0.662 0.523-0.802 0.021 1.50 38.1 95.8
NLR 0.575 0.432-0.718 0.305 - - -
PLR 0.431 0.295-0.567 0.321 - - -
Group Il (Non-smokers) (n=149) Sl 0.582 0.471-0.693 0.145 - - -
SIRI 0.566 0.455-0.677 0.243 - - -
NLR 0.547 0.436-0.658 0.403 - - -
PLR 0.455 0.348-0.563 0.416 - - -
Group Il (Passive smokers) (n=64) Sl 0.468 0.316-0.620 0.682 - - -
SIRI 0.511 0.357-0.666 0.885 - - -
NLR 0.477 0.324-0.629 0.765 - - -
PLR 0.438 0.288-0.587 0.414 - - -

Systemic inflammation was defined as CRP =3 mg/L. AUC: area under the receiver operating characteristic curve; Cl: confidence interval; SlI: Systemic Immune-
Inflammation Index; SIRI: Systemic Inflammation Response Index; NLR: Neutrophil-to-Lymphocyte Ratio; PLR: Platelet-to-Lymphocyte Ratio; CRP: C-reactive
protein. The optimal cut-off was reported only for SIRI in active smokers, as this was the only statistically significant ROC result.
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Discussion

This study aimed to evaluate the diagnostic potential
of hematological inflammation markers in identifying
systemic inflammation-defined by elevated CRP levels-
across individuals with varying degrees of smoking ex-
posure. Among the evaluated markers, only SIRI demon-
strated statistically significant discriminatory ability
in active smokers (AUC=0.662, 95% CI: 0.522-0.802,
p=0.021), supporting its potential value as a marker of
smoking-related systemic inflammation.

SIRI incorporates neutrophil, monocyte, and lymphocyte
counts and may therefore reflect the balance between ac-
tivation of innate immune responses and suppression of
adaptive immunity. Cigarette smoke exposure promotes
oxidative stress through the generation of reactive oxy-
gen species, leading to persistent inflammatory signaling
and long-term immune dysregulation. Experimental ev-
idence suggests that cigarette smoke may induce trained
immunity through metabolic and epigenetic reprogram-
ming of innate immune cells, particularly monocytes
and macrophages, resulting in prolonged inflammatory
responsiveness.!'! These immune alterations may con-
tribute to increased neutrophil and monocyte activity
together with impaired lymphocyte-mediated adaptive
responses. Because SIRI simultaneously reflects these
hematological changes, it may provide a more compre-
hensive representation of smoking-related immune dys-
regulation than indices derived from fewer blood-cell
components.

Our findings are consistent with previous studies
demonstrating the prognostic and clinical relevance of
SIRI in inflammatory and cardiovascular conditions. Cao
etal.Plreported an association between elevated SIRI lev-
els and mortality in patients with heart failure, whereas
Gavriilidis and Pawlik demonstrated its prognostic sig-
nificance following hepatocellular carcinoma surgery.?
Similarly, Dziedzic et al.”) highlighted the clinical utility
of SIRI in patients with coronary artery disease and acute
coronary syndrome. Several of these studies indirectly
support a relationship between elevated SIRI levels and
enhanced systemic inflammatory activity in smoking-re-
lated conditions.

Evidence from Turkish populations further supports the
clinical relevance of SIRI as an indicator of systemic in-
flammatory burden. Yildiz et al.™” demonstrated associ-
ations between SIRI and different coronary artery plaque
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characteristics, suggesting a potential role in reflecting
vascular inflammation. Likewise, Bayraktar and Cosgun
reported that elevated SIRI levels were associated with
greater coronary artery disease severity in a Turkish co-
hort."™ In addition, Bedel et al.'? demonstrated the prog-
nostic significance of SIRI in patients with heart failure.
Although these studies were not specifically designed
to evaluate smoking-related inflammation, they support
the broader applicability of SIRI across diverse inflam-
matory conditions and suggest that these associations
are also observable in regional populations.

In our cohort, SII, NLR, and PLR did not demonstrate
significant discriminatory performance across smoking
subgroups, in contrast to SIRI. Although PLR values dif-
fered statistically between groups (p<0.001), ROC anal-
ysis did not support meaningful clinical utility. These
findings suggest that statistically significant differences
in hematological indices may not necessarily translate
into adequate diagnostic discrimination. One possible
explanation is that smoking influences multiple blood-
-cell components, including platelet-related parameters
and lymphocyte counts, which may alter these indices
without producing a consistent discriminatory pattern
across smoking subgroups.*!

Another notable observation was the limited perfor-
mance of inflammatory indices among passive smokers
and non-smokers. This finding may reflect the relatively
heterogeneous and low-grade nature of systemic in-
flammation in these populations. Previous studies have
shown that chronic low-grade inflammation can be diffi-
cult to characterize using a single biomarker because in-
flammatory and metabolic pathways vary substantially
among individuals.'*!* Elevated hsCRP levels have long
been associated with increased cardiovascular risk; how-
ever, chronic inflammation is increasingly recognized as
a biologically complex and heterogeneous process in-
volving multiple interconnected innate and adaptive im-
mune pathways rather than a single measurable inflam-
matory axis.'"*®! In addition to cardiovascular disease,
elevated hsCRP levels have also been associated with
metabolic disorders such as diabetes mellitus and meta-
bolic syndrome."®! Nevertheless, CRP alone may insuffi-
ciently reflect interindividual variability in inflammatory
responses and related clinical risk.['”!® Contemporary ev-
idence further suggests that chronic inflammatory bur-
den is influenced by persistent inflammatory pathways
associated with residual inflammatory risk and trained
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immunity mechanisms that extend beyond conventional
inflammatory biomarkers.*2!! In this context, composite
inflammatory indices and multi-biomarker approaches
have increasingly been proposed as more comprehen-
sive methods for assessing systemic inflammatory bur-
den and immune dysregulation than isolated inflamma-
tory measurements alone.[*15-21]

Taken together, our findings suggest that SIRI may serve
as a practical adjunctive marker for identifying smoking-
related low-grade systemic inflammation in active smok-
ers. Because SIRI is derived from routinely available
complete blood count parameters, it represents a cost-ef-
fective and widely accessible inflammatory index with
potential applicability in clinical screening and popula-
tion-level risk assessment strategies. Chronic low-grade
inflammation is increasingly recognized as a biologically
complex and heterogeneous process involving multiple
interconnected innate and adaptive immune pathways,
trained immunity mechanisms, and persistent inflam-
matory pathways associated with residual inflammatory
risk.*2! In this context, composite inflammatory indices
integrating multiple hematological parameters may pro-
vide a more comprehensive representation of systemic
inflammatory burden and immune dysregulation than
isolated inflammatory biomarkers alone.*1%1418-21] Nev-
ertheless, the modest discriminatory performance ob-
served in the present study indicates that SIRI should be
interpreted as a complementary rather than standalone
diagnostic marker.

Nonetheless, this study has several limitations. First,
its retrospective single-center design may limit gener-
alizability. Second, the study population demonstrated
a marked gender imbalance, with a predominance of
female participants (253 females vs. 53 males), particu-
larly in the non-smoker group. Because hematological
parameters and inflammatory responses may vary ac-
cording to sex, this imbalance may have introduced po-
tential statistical bias and influenced the observed asso-
ciations. In addition, the absence of long-term follow-up
and the inability to account for potentially confounding
variables such as dietary habits, psychosocial stress, and
subclinical infections may have affected inflammatory
marker levels. Future prospective multicenter studies are
warranted to determine whether SIRI predicts longitu-
dinal clinical outcomes and whether its diagnostic per-
formance can be enhanced through integration with ad-
ditional inflammatory mediators such as IL-6 or TNF-a.
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Conclusion

SIRI was the only hematological index that demonstrated
statistically significant diagnostic value for systemic in-
flammation in active smokers, suggesting a potential role
in evaluating smoking-related inflammatory changes. In
contrast, SII, NLR, and PLR did not show significant dis-
criminatory performance. Because SIRI is inexpensive,
easily calculated, and derived from routinely available
complete blood count parameters, it may represent a
practical adjunctive marker for assessing low-grade sys-
temic inflammation in active smokers. However, given
its modest discriminatory performance, SIRI should be
interpreted as a complementary rather than standalone
diagnostic tool. Further large-scale prospective studies
are needed to validate these findings and clarify the clin-
ical applicability of SIRI across broader populations and
smoking-related inflammatory conditions.
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