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Abstract

With stroke becoming the main cause of global morbidity and mortality. The urgent demand for reliable biomarkers to enhance
prognostic accuracy and guide individualized clinical decision-making has never been more pronounced. This unmet need is
amplified by the disease’s heterogeneous etiologies and variable clinical trajectories, which often hinder timely risk stratification
and targeted intervention for stroke patients. A growing body of research has delved into diverse categories of candidate
biomarkers, encompassing inflammatory mediators, metabolic indicators, and blood cellular parameters and evaluated their
potential in predicting short-term and long-term stroke outcomes such as functional independence, recurrence risk, and mortality.
Through a narrative review of current literature, we have summarized key biomarkers such as C-reactive protein, interleukins,
blood cells, lipid profiles, oxidative stress markers, microparticles and cell-free DNA, clarifying their associations with stroke
pathophysiology and clinical endpoints. Simultaneously, we highlighted critical gaps and inconsistencies in existing studies,
such as limited validation in multiethnic and underrepresented patient cohorts. Furthermore, we have discussed the practical
clinical applications and inherent challenges of translating these biomarkers into real-world settings. Finally, we have proposed
future research directions, emphasizing the development of standardized protocols, validation in large-scale prospective cohorts,
and exploration of multiple biomarkers to address unmet clinical needs in stroke management.
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1. Introduction

Stroke is a critical global health problem and one of the [1]. Recent epidemiological data highlight its growing prev-
leading causes of death and long-term disability worldwide  alence, and new stroke cases have increased alarmingly in the
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past few decades [2].

The consequences of stroke far exceed mortality, including
severe physical, cognitive, and emotional damage, which can
significantly reduce the patient's quality of life [3, 4]. A sub-
stantial proportion of stroke survivors face lifelong disabili-
ties, including hemiparesis, aphasia, and cognitive deficits,
which often necessitate long-term care and rehabilitation.
These outcomes impose a profound impact on individuals,
families, and caregivers, often leading to emotional distress,
reduced independence, and diminished socioeconomic status
[5]

In view of the high prevalence and serious consequences of
stroke, it is imperative to develop effective prognostic tools.
Accurate prognosis assessment is essential for guiding clini-
cal decision-making, optimizing treatment strategies and
improving the prognosis of patients. Traditional stroke
prognosis evaluation methods often rely on clinical evaluation
and conventional risk factors, such as age, blood pressure and
complications. However, these methods have limitations in
obtaining pathophysiological heterogeneity of stroke and
accurately predicting individual prognosis [3, 4]. There is a
growing recognition of the need for more objective, reliable
and personalized tools to strengthen risk stratification and
promote early intervention.

Although a review 16 years ago did not show that blood
biomarkers can well predict the prognosis of stroke [6]. In
recent years, a large number of new clinical studies have
highlighted the potential of peripheral blood biomarkers in
improving the prognosis of stroke [7]. These biomarkers

provide a non-invasive and quantifiable means for evaluating
disease severity, predicting clinical outcomes and monitoring
treatment response. We searched for literature on the correla-
tion between blood cell markers and stroke prognosis on
PubMed in the past 10 years. Through evaluation and
screening, we have identified C-reactive protein (CRP), in-
terleukins (IL), neutrophil-to-lymphocyte ratio (NLR), lipid
profiles, oxidative stress markers, microparticles, cell-free
DNA et al as topics for discussion.

2. Pathophysiology of Stroke

Stroke is a serious cerebrovascular event, mainly mani-
fested in ischemic and hemorrhagic forms, each of which is
dominated by different but complex biological mechanisms,
and significantly affects the prognosis of patients. As shown
in Figure 1, ischemic stroke, which accounts for the majority
of cases, occurs when cerebral blood flow is blocked, usually
due to thrombosis, embolism, or systemic hypoperfusion.
This interruption leads to a series of pathophysiological
events, including energy failure, excitotoxicity, oxidative
stress, inflammation and apoptosis. The lack of oxygen and
glucose will rapidly consume adenosine triphosphate (ATP)
storage, destroy ion homeostasis and lead to membrane de-
polarization. The accumulation of glutamate in synaptic space
triggers excessive calcium influx, activates protease, lipase
and endonuclease, degrades cellular components, and even-
tually leads to neuronal death [4].
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Figure 1. Ischemic Stroke Pathogenesis and Clinical Manifestation.
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On the contrary, as shown in Figure 2, hemorrhagic stroke
is caused by cerebral vascular rupture, which can lead to
intracerebral or subarachnoid hemorrhage. The initial me-
chanical rupture of brain tissue produces significant mass
effect by expanding hematoma, increasing intracranial pres-
sure and damaging cerebral perfusion. In addition, the release

of toxic blood components (such as hemoglobin and iron)
initiates secondary injury mechanisms, including oxidative
stress, neuroinflammation and blood-brain barrier (BBB)
damage. Edema around hematoma further aggravates neu-
ronal injury, leading to deterioration of neurological function
and poor recovery [3].
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Figure 2. Hemorrhagic Stroke Pathogenesis and Clinical Manifestation.

3. Peripheral Blood Markers

Imaging examinations such as computed tomography (CT)
and magnetic resonance imaging (MRI) are still the gold
standard for diagnosing stroke and evaluating the degree of
brain injury [7]. However, blood based biomarkers, including
inflammatory mediators, have shown good prospects in pre-
dicting stroke severity, recurrence risk and functional prog-
nosis [8, 9]. These markers provide a minimally invasive and
rapid access method to enhance clinical evaluation and inform
treatment decisions.

Because of its accessibility and abundant biological in-
formation, peripheral blood has become an important resource
for clinical diagnosis and biomedical research. As a mini-
mally invasive sample type, peripheral blood provides a
practical and informative means for monitoring disease pro-
gression and predicting clinical outcomes. Its composition
reflects the physiological and pathological changes of the
system, which makes it particularly valuable to track dynamic
processes under conditions such as stroke. Unlike more inva-
sive sampling methods such as tissue biopsy or cerebrospinal
fluid extraction, blood collection is relatively simple, re-
peatable and well tolerated by patients, allowing longitudinal
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assessment of the temporal changes in the captured disease
status.

4. Inflammatory Biomarkers

4.1. C-Reactive Protein

CRP is an acute-phase reactant synthesized by the liver
during systemic inflammation, infection or tissue injury. Its
serum level rises rapidly in the process of inflammatory re-
action, making it a widely studied biomarker under various
pathological conditions, including cardiovascular and cere-
brovascular diseases [10-14]. In the study of stroke, CRP has
attracted much attention because of its potential role in re-
flecting the degree of inflammatory activation after cerebral
ischemia or cerebral hemorrhage [11, 12]. The inflammatory
cascade caused by stroke will not only lead to the initial brain
injury, but also lead to secondary complications, such as
edema, neuron death and recovery disorders [15, 16]. There-
fore, CRP level has been studied as a potential indicator of
stroke severity and a predictor of clinical prognosis.

A large number of clinical studies have shown that the in-
crease of CRP level is related to the severity of neurological
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deficit at the onset of stroke. Patients with higher CRP con-
centrations tend to show more extensive brain injury, the
larger the infarct volume on neuroimaging, and the more
obvious the clinical injury measured by scales such as the
National Institutes of Health Stroke Scale (NIHSS) [10-12, 15,
16]. This association is believed to be due to the
pro-inflammatory effect of CRP, which may amplify the

immune response, promote oxidative stress, and aggravate
tissue damage. In addition, CRP is also associated with en-
dothelial dysfunction and the instability of atherosclerotic
plaque, both of which may lead to the progression of ischemic
injury and poor clinical performance [17]. A brief flowchart
for CRP is shown in Figure 3.

-

Figure 3. Flowchart for CRP with prognosis.

In addition to the initial stroke severity, CRP was also as-
sociated with short-term and long-term functional outcomes.
According to the modified Rankin Scale (mRS) and Barthel
index, the increase of CRP level in the acute phase of stroke is
associated with higher mortality, increased risk of stroke
recurrence and poor functional recovery [10-12, 15, 16]. The
continuous rise of CRP in the subacute phase is associated
with delayed deterioration of neurological function and poor
rehabilitation outcomes, emphasizing its dynamic role in
monitoring disease progression and predicting complications
such as infection or hemorrhagic transformation [18].

Although CRP is a sensitive inflammatory marker, it lacks
specificity for stroke related pathology because it may be
elevated in other systemic conditions. Current research focus
is to explore the combination of CRP and other biomarkers to
improve its prediction accuracy. Future studies also need to
determine the best time for CRP evaluation and incorporate it
into clinical decision-making algorithms to improve the
prognosis and management of stroke.

4.2. Interleukins

Interleukins, especially interleukin-6 (IL-6) and interleu-
kin-10 (IL-10), have attracted extensive attention in recent
years because of their potential role in regulating the in-
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flammatory response after stroke and its impact on the prog-
nosis of patients. These cytokines are part of the immune
system, mediate the communication between immune cells,
and affect the progress and resolution of inflammation. After
acute ischemic or hemorrhagic stroke, the central nervous
system undergoes a series of inflammatory processes, which
can promote recovery or aggravate neuronal damage. In this
process, the systemic release of interleukin from peripheral
circulation provides a measurable reflection of the body's
immune response, and has been increasingly studied as a
prognostic tool for stroke treatment [19-22].

IL-6 is one of the most widely studied interleukins in stroke.
It is a pro-inflammatory cytokine that is rapidly upregulated
after cerebral ischemia or injury. The level of serum IL-6 in
stroke patients continued to rise, especially within 24-48
hours after onset [19]. Clinical studies have proved that there
is a correlation between higher IL-6 concentration and in-
creased stroke severity. In addition, according to mRS meas-
urement, elevated 1L-6 levels are associated with poor func-
tional prognosis 3-6 months after stroke [19, 23]. This cyto-
kine can further amplify the inflammatory environment by
promoting the synthesis of acute phase proteins (such as CRP).
Its role in fever and activation of microglia also contributes to
secondary brain injury, which has a negative impact on re-
covery. A brief flowchart for IL-6 is shown in Figure 4.
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Figure 4. Flowchart for IL-6 with prognosis.

On the contrary, IL-10, as an anti-inflammatory cytokine,
plays a protective role in regulating the immune response after
stroke. It inhibits the production of pro-inflammatory cyto-
kines such as IL-6, IL-1B, and TNF-q, thereby reducing the
intensity and duration of inflammation. Studies have shown

that higher levels of IL-10 are usually associated with better
clinical outcomes, suggesting that it may be used as a com-
pensatory mechanism to counteract excessive inflammation
[19, 24]. A brief flowchart for IL-10 is shown in Figure 5.

-

Figure 5. Flowchart for 1L-10 with prognosis.

The balance between pro-inflammatory and an-
ti-inflammatory interleukin seems to be a key determinant of
the prognosis of stroke. A higher IL-6 to IL-10 ratio has been
proposed as a more informative prognostic marker than the
absolute levels of either cytokine alone [19]. This ratio re-
flects the net inflammatory state and has been shown to pre-
dict mortality and functional disability more accurately. In
addition, the interaction between interleukins and other
components of the immune system, such as T regulatory cells
and macrophages, further affects the recovery trajectory.

4.3. Neutrophil-to-Lymphocyte Ratio

NLR has become an easily available and potentially
prognostic biomarker of inflammation. As systemic inflam-
mation plays an important role in the pathophysiology of
stroke, especially in the secondary injury mechanism after
ischemic or hemorrhagic events, NLR calculated by conven-
tional whole blood count measurement provides a practical
method to evaluate the body's inflammatory response. In a
series of acute diseases including cardiovascular and cere-
brovascular diseases, the increase of NLR level is related to
the increase of disease severity and the deterioration of clin-
ical outcomes [25-27].
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In the case of stroke, some studies have shown that there is
a significant correlation between high NLR values at admis-
sion and poor functional outcomes at follow-up [27]. Our
preliminary research involving patients with acute ischemic
stroke has shown that those with elevated baseline NLR are
more likely to experience unfavorable outcomes, such as
higher disability scores on the mRS [27]. This association is
particularly evident in patients receiving reperfusion therapy.
Excessive inflammatory response may lead to reperfusion
injury and hemorrhagic transformation [25, 28].

In addition, NLR is associated with the occurrence of
post-stroke complications, including symptomatic intracranial
hemorrhage (sICH), cerebral edema, and infections such as
pneumonia [11, 28]. These complications seriously affect the
recovery and long-term prognosis of patients. The mechanism
may involve the imbalance between pro-inflammatory neu-
trophils and anti-inflammatory lymphocytes, which reflects
an aggravating systemic inflammatory state, thereby aggra-
vating neuronal damage and damage recovery. In this case,
NLR is not only a marker of the severity of initial stroke, but
also a dynamic indicator of the body's response to injury and
treatment [26, 29]. A brief flowchart for NLR is shown in
Figure 6.
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Figure 6. Flowchart for NLR with prognosis.

Although NLR has a good application prospect, its clinical
application as a biomarker of stroke prognosis is limited by
many factors. The variability of NLR level may be affected by
concurrent infection. Although some studies have proposed
specific thresholds for NLR to predict poor prognosis, there is
still a lack of consensus on the optimal threshold, which limits
its applicability in routine clinical practice.

5. Metabolic and Cellular Biomarkers

5.1. Lipid Profiles

With more and more evidence emphasizing its predictive
value for the prognosis of ischemic and hemorrhagic stroke,
lipid profile has been increasingly considered as a key indi-
cator to evaluate the prognosis of stroke [30]. Dyslipidemia is
characterized by abnormal cholesterol and triglyceride levels,
which plays an important role in the pathogenesis of athero-
sclerosis. Atherosclerosis is the main potential cause of is-
chemic stroke. Recent studies have shown that in addition to
the traditional measurement of low-density lipoprotein cho-
lesterol (LDL-C), specific lipid parameters may provide more

detailed insights into the prognosis of stroke. For example, the
non-high-density lipoprotein cholesterol to high-density lip-
oprotein cholesterol ratio (Non-HDL/HDL ratio) has been
associated with cerebral atherosclerotic stenosis, suggesting
its potential application in risk stratification and treatment
decision-making. Elevated Non-HDL/HDL ratio levels reflect
the imbalance between atherogenic and anti-atherogenic lip-
oproteins, which may lead to greater vascular vulnerability
and worse clinical outcomes after stroke [31].

Residual cholesterol (RC) refers to the cholesterol content
in triglyceride rich lipoproteins excluding LDL-C and HDL-C,
which is also an important prognostic factor [30, 32]. Studies
have shown that higher RC levels are independently associ-
ated with increased risk of stroke, especially in the subtypes of
ischemic stroke [30]. This association emphasizes the im-
portance of targeting RC in lipid-lowering therapy for re-
ducing secondary stroke events and improving long-term
recovery. In addition, RC may reflect metabolic disorders
leading to endothelial dysfunction and plaque instability,
which are not conducive to the recovery track after stroke. A
brief flowchart for Lipid profiles is shown in Figure 7.

_—-

Figure 7. Flowchart for Lipid profiles with prognosis.

The role of lipid-lowering intervention in the prognosis of
stroke further emphasizes the clinical relevance of lipid pro-
file. Statins are the cornerstone of lipid-lowering therapy, and
have been proved to reduce stroke recurrence and improve
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functional prognosis, which may be achieved through li-
pid-lowering and pleiotropic anti-inflammatory effects [33].
However, the degree of benefit may vary depending on the
baseline lipid level and the degree of lipid reduction achieved.
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Emerging treatment strategies, including PCSK9 inhibitors
and novel lipid-lowering agents, provide a promising way to
optimize lipid management in stroke survivors [34].

In addition to pharmacological methods, lifestyle changes,
such as personalized dietary intervention, have been proved to
be effective in regulating blood lipid levels and improving
metabolic health [33]. Studies have shown that customized
nutritional strategies can reduce the lipid composition of
atherosclerosis and enhance the overall vascular health, which
may translate into a better prognosis of stroke. This interven-
tion is particularly important in secondary prevention, where
metabolic control plays a key role in long-term recovery.

5.2. Oxidative Stress Markers

Oxidative stress is an important factor in the pathophysio-
logical process of stroke, which affects the progress and re-
covery potential of neuronal injury. It stems from the imbal-
ance between the production of reactive oxygen species (ROS)
and the body's antioxidant defense mechanism [35]. In the
case of stroke, especially ischemic stroke, the sudden inter-
ruption of blood flow will lead to a series of metabolic dis-
orders, including mitochondrial dysfunction and excessive
ROS production. These reactive molecules can damage cel-
lular components, such as lipids, proteins and DNA, thus
aggravating neuronal death and helping to expand infarct size
[36, 37]. Moreover, oxidative stress is closely related to in-
flammatory response, which further amplifies tissue damage
and weakens the ability of the brain to initiate effective repair
process.

In the acute phase of stroke, oxidative stress is closely re-
lated to anaerobic glycolysis, which becomes the main source
of energy production in ischemic brain. This metabolic
change leads to lactic acid accumulation and acidosis, which
is a key pathological process that aggravates oxidative stress
and promotes neuronal damage. The interaction between
oxidative stress and other pathological mechanisms (such as
calcium overload and excitotoxicity) causes the
self-perpetuating cycle of cell damage [35, 38]. For example,
excessive glutamate release after ischemia leads to overacti-
vation of N-methyl-D-aspartic acid (NMDA) receptors, which
in turn increases intracellular calcium levels and activates
ROS producing enzymes. This synergistic relationship em-
phasizes the central role of oxidative stress in the pathological
progression of stroke [35, 38].

In addition to its contribution to acute injury, oxidative
stress also has an important impact on post-stroke recovery. It
damages neural plasticity, which is crucial for functional
rehabilitation after brain injury [39]. Neuroplasticity includes
the ability of the brain to reorganize synaptic networks and
form new neural connections, which are crucial for restoring
lost function. However, oxidative stress destroys these adap-
tive mechanisms by changing gene expression, damaging
mitochondrial function and interfering with the signaling
pathways necessary for synaptic remodeling. Therefore, pa-
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tients with long-term or severe oxidative stress are less re-
sponsive to rehabilitation treatment, and their long-term
prognosis is poor [35, 39].

In view of the harmful effects of oxidative stress, targeted
oxidative stress has become a promising therapeutic strategy
in the treatment of stroke [35]. Antioxidant interventions,
including natural compounds and synthetic agents, have been
explored for their neuroprotective potential [40]. Flavonoids,
polyphenols and other plant-derived antioxidants have been
shown to have the ability to scavenge reactive oxygen species
and regulate inflammatory pathways in the preclinical model
of stroke [40]. Similarly, pharmaceutical antioxidants such as
N-acetylcysteine and vitamin E have shown some efficacy in
reducing oxidative damage, although their clinical benefits
remain to be fully confirmed [41, 42].

5.3. Microparticles and Cell-Free DNA

Microparticles and cell-free DNA have emerged as prom-
ising indicators of stroke severity because they are directly
involved in the pathophysiological process after brain injury.
Microparticles are membrane-bound vesicles between 0.05
and 1.5 micrometers in size, which are released from different
types of cells during activation or apoptosis. These vesicles
carry bioactive molecules, including proteins, lipids, and
nucleic acids, which reflect the physiological state of their
parent cells. In the context of stroke, elevated levels of mi-
croparticles have been observed in both animal models and
clinical studies, indicating the potential of particulate as a
biomarker [43, 44]. These vesicles may contribute to the
progression of ischemic injury by promoting inflammation,
endothelial dysfunction, and coagulation cascades. Their
ability to mediate intercellular communication and regulate
vascular responses is related to the dynamic changes in the
acute phase of stroke [43, 44]. Moreover, microparticles de-
rived from platelets, leukocytes, and endothelial cells showed
distinct expression patterns in stroke patients, indicating that
the distribution of microparticles was related to infarct vol-
ume or clinical prognosis [43, 44].

Cell-free DNA is another emerging biomarker, which
mainly comes from apoptotic or necrotic cells and is released
into the blood stream after tissue damage [45, 46]. In stroke,
the rapid decomposition of brain tissue leads to the release of
DNA fragments into circulation, which can be quantified and
analyzed to understand the genetic and epigenetic changes.
Studies have shown that the increase of free DNA level in
plasma is related to larger infarct size, more severe neuro-
logical deficit and worse functional recovery. This association
highlights the potential of cell-free DNA as a real-time marker
of cell damage and disease progression. In addition, methyl-
ation patterns and fragment length profiles of circulating
DNA may provide additional insights into the origin and
extent of tissue damage [45, 46].


http://www.sciencepg.com/journal/ijn

International Journal of Neurosurgery

http://www.sciencepg.com/journal/ijn

6. Others

Studies have shown that the plasma fibrinogen level is
closely related to the prognosis of patients with acute cerebral
infarction, and a lower level often means a higher risk of
recurrence and poor functional recovery [47, 48].

7. Limitations of Current Biomarkers

The possible correlation between blood markers and good
prognosis of stroke is shown in Table 1. The application of
peripheral blood biomarkers in the prognosis of stroke has
shown good prospects, but some key challenges hinder its
consistency and reliability in the clinical environment. One of
the main concerns is the biological heterogeneity across
studies. Stroke is a highly heterogeneous disease, whether in
etiology, from ischemic to hemorrhagic subtypes, or in patient
demographics, comorbidity and baseline health status. This
variability affects the expression and predictive value of bi-
omarkers, making it difficult to determine universally appli-
cable indicators.

Table 1. Correlation between peripheral blood markers and good
prognosis.

Peripheral blood markers Good prognosis

C-Reactive Protein (CRP) Negative
Interleukin-6 (IL-6) Negative
Interleukin-10 (IL-10) Positive

(N,\?EIF;;)phil-to-Lymphocyte Ratio Negative
I(_IE)I;VI-_(?Zr)\sity lipoprotein cholesterol Negative
Residual cholesterol (RC) Negative
Reactive oxygen species (ROS) Negative
Microparticles Negative
Cell-free DNA Negative
Fibrinogen Positive

Another major challenge is the sensitivity and specificity of
biomarkers currently used. Many peripheral blood markers,
such as inflammatory cytokines or metabolic indicators, are
not limited to stroke, but may increase in other systemic dis-
eases, including infection or chronic diseases such as diabetes
and hypertension. Lack of specificity can lead to false positive
associations and reduce the clinical utility of these markers in
predicting the prognosis of stroke. In addition, some bi-
omarkers may not be sensitive enough to detect subtle
changes in neurological status or distinguish different prog-
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nosis tracks, especially in the early stage after stroke. Dy-
namic detection of blood markers may be more beneficial for
accurately predicting stroke prognosis.

In addition, although there are encouraging findings in ex-
ploratory studies, many biomarkers have not been fully veri-
fied in large, prospective and multicenter clinical trials. The
transformation from discovery to clinical implementation is
usually hindered by limited sample size, selection bias and
lack of reproducibility in different patient groups. Without
strict validation and regulatory approval, the application of
these biomarkers in clinical guidelines is still limited.

Finally, more complex analytical methods are needed to
integrate multiple biomarkers and clinical variables into the
prediction model. Although the prognostic value of a single
biomarker is limited, combining it with clinical data, imaging
findings and other omics-based biomarkers can improve the
prediction accuracy. However, the development and valida-
tion of such multimodal models require extensive collabora-
tion, robust statistical methods and larger samples.

8. Emerging Technologies

Recent advancements in biomedical research have in-
creasingly leveraged emerging technologies such as mul-
ti-omics and machine learning to enhance the identification
and validation of biomarkers, particularly in the context of
stroke prognosis. Multi-omics integrates diverse layers of
biological data, including genomics, transcriptomics, prote-
omics, and metabolomics, enabling a comprehensive under-
standing of the molecular mechanisms underlying stroke
progression and recovery. This integrative approach facili-
tates the discovery of novel biomarkers and integration of
multi-marker that may not be detectable through single-omics
analyses, thereby improving the accuracy of prognostic
models and enabling more precise risk stratification for indi-
vidual patients.

Machine learning has emerged as a powerful tool for ana-
lyzing large-scale, heterogeneous datasets generated through
multi-omics approaches. Unlike traditional statistical methods,
machine learning algorithms can detect subtle, nonlinear
relationships and high-order interactions within complex
biological systems. Deep learning models, particularly neural
networks, offer the potential to automatically extract features
from raw omics data, reducing the need for manual feature
selection and enhancing predictive performance.

9. Conclusion

Stroke is still the main cause of disability and death
worldwide. It is necessary to identify reliable biomarkers to
predict prognosis and guide clinical decision-making. Pe-
ripheral blood markers have attracted more and more attention
because of their accessibility and potential to reflect the
complex pathophysiological process after stroke. Despite the
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encouraging findings, the translation of these biomarkers into
routine clinical practice remains challenging. Future research
should focus on verifying these biomarkers in large-scale,
multicenter studies and integrating them into predictive
models to help clinicians make timely and accurate prognosis
assessment.

Abbreviations

ATP Adenosine Triphosphate

BBB Blood-brain Barrier

CRP C-Reactive Protein

CT Computed Tomography

IL-6 Interleukin-6

IL-10 Interleukin-10

LDL-C Low-density Lipoprotein Cholesterol
MRI Magnetic Resonance Imaging

mRS modified Rankin Scale

NHHR High-density LIPoprotein Cholesterol Ratio
NIHSS National Institutes of Health Stroke Scale
NLR Neutrophil-to-Lymphocyte Ratio

NMDA N-Methyl-D-Aspartic Acid

RC Residual Cholesterol

ROS Reactive Oxygen Species

SICH Symptomatic Intracranial Hemorrhage

Author Contributions

Ziquan Zeng: Writing — original draft

Lu Wang: Writing — original draft
Shaoliang Zhu: Writing — review & editing
Yi Luo: Writing — review & editing

Funding

The study was funded by Union Research Fund Project of
Department of Science and Technology of Hubei Province.

Conflicts of Intertest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References
[1] Feigin VL, Norrving B, Mensah GA. Global Burden of Stroke.
Circ Res. 2017, 120(3), 439-448.
https://doi.org/10.1161/CIRCRESAHA.116.308413

[21 Nehme A, Li L. The rising incidence of stroke in the young:
Epidemiology, causes and global impact. Int J Stroke. Pub-
lished online July 18, 2025.

https://doi.org/10.1177/17474930251362583

57

[3] Montafb A, Hanley DF, Hemphill JC 3rd. Hemorrhagic stroke.
Handb Clin Neurol. 2021, 176, 229-248.

https://doi.org/10.1016/B978-0-444-64034-5.00019-5

[4] Campbell BCV, De Silva DA, Macleod MR, Coutts SB,
Schwamm LH, Davis SM, et al. Ischaemic stroke. Nat Rev Dis
Primers. 2019, 5(1), 70.

https://doi.org/10.1038/s41572-019-0118-8

[5] Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM,
Gutierrez J, Lombardi-Hill D, et al. 2021 Guideline for the
Prevention of Stroke in Patients With Stroke and Transient
Ischemic Attack: A Guideline From the American Heart As-
sociation/American Stroke Association. Stroke. 2021, 52(7),

€364-e467. https://doi.org/10.1161/STR.0000000000000375

[6] Whiteley W, Chong WL, Sengupta A, Sandercock P. Blood
markers for the prognosis of ischemic stroke: a systematic re-
view. Stroke. 2009, 40(5), e380-389.

https://doi.org/10.1161/STROKEAHA.108.528752

[7] Branco JP, Costa JS, Sargento-Freitas J, Oliveira S, Mendes B,
Lams J, et al. Neuroimaging and Blood Biomarkers in Func-
tional Prognosis after Stroke. Acta Med Port. 2016, 29(11),

749-754. https://doi.org/10.20344/amp.7411

[8] Tirandi A, Sgura C, Carbone F, Montecucco F, Liberale L.
Inflammatory biomarkers of ischemic stroke. Intern Emerg
Med. 2023, 18(3), 723-732.

https://doi.org/10.1007/s11739-023-03201-2

[9] Alsbrook DL, Di Napoli M, Bhatia K, Biller J, Andalib S,
Hinduja A, et al. Neuroinflammation in Acute Ischemic and
Hemorrhagic Stroke. Curr Neurol Neurosci Rep. 2023, 23(8),

407-431. https://doi.org/10.1007/5s11910-023-01282-2

[10] Ma X, Lan F, Zhang Y. Associations between C-reactive
protein and white blood cell count, occurrence of delayed
cerebral ischemia and poor outcome following aneurysmal
subarachnoid hemorrhage: a systematic review and me-
ta-analysis. Acta Neurol Belg. 2021, 121(5), 1311-1324.

https://doi.org/10.1007/s13760-020-01496-y

[11] Guo P, Zou W. Neutrophil-to-lymphocyte ratio, white blood
cell, and C-reactive protein predicts poor outcome and in-
creased mortality in intracerebral hemorrhage patients: a me-
ta-analysis. Front Neurol. 2024, 14, 1288377.

https://doi.org/10.3389/fneur.2023.1288377.

[12] Wang L, Yang L, Liu H, PuJ, Li Y, Tang L, et al. C-Reactive
Protein Levels and Cognitive Decline following Acute Is-
chemic Stroke: A Systematic Review and Meta-Analysis.
Brain Sci. 2023, 13(7), 1082.
https://doi.org/10.3390/brainsci13071082

[13] Denegri A, Boriani G. High Sensitivity C-reactive Protein
(hsCRP) and its Implications in Cardiovascular Outcomes.
Curr Pharm Des. 2021, 27(2), 263-275.

https://doi.org/10.2174/1381612826666200717090334

[14] Fu Y, Wu Y, Liu E. C-reactive protein and cardiovascular
disease: From animal studies to the clinic (Review). Exp Ther
Med. 2020, 20(2), 1211-1219.

https://doi.org/10.3892/etm.2020.8840.


http://www.sciencepg.com/journal/ijn

International Journal of Neurosurgery

http://www.sciencepg.com/journal/ijn

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Yang T, Xie W, Hu F, Cai B. Causal relationship between
C-reactive protein and ischemic stroke caused by atheroscle-
rosis: A Mendelian randomization study. J Stroke Cerebrovasc
Dis. 2024, 33(9), 107873.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2024.107873

Gaastra B, Barron P, Newitt L, Chhugani S, Turner C, Kirk-
patrick P, et al. CRP (C-Reactive Protein) in Outcome Predic-
tion After Subarachnoid Hemorrhage and the Role of Machine
Learning. Stroke. 2021, 52(10), 3276-3285.
https://doi.org/10.1161/STROKEAHA.120.030950

Tang Y, Fung E, Xu A, Lan HY. C-reactive protein and ageing.
Clin Exp Pharmacol Physiol. 2017, 44 (Suppl 1), 9-14.
https://doi.org/10.1111/1440-1681.12758

Qiu R, Gao Y, Hou D, Wang Y, Yu C, Wang W, et al. Asso-
ciation between hs-CRP Levels and the Outcomes of Patients
with Small-Artery Occlusion. Front Aging Neurosci. 2016, 8,
191. https://doi.org/10.3389/fnagi.2016.00191

Zhu H, Hu S, Li Y, Sun Y, Xiong X, Hu X, et al. Interleukins
and Ischemic Stroke. Front Immunol. 2022, 13, 828447.
https://doi.org/10.3389/fimmu.2022.828447

Peng L, Li X, Li H, Zhong Y, Lian J, Gao H, et al. Relationship
between Peripheral Blood Inflammatory Factors and Prognosis
of Subarachnoid Hemorrhage: A Meta-Analysis. Eur Neurol.
2023, 86(3), 193-206. https://doi.org/10.1159/000530208

Simon M, Grote A. Interleukin 6 and Aneurysmal Subarach-
noid Hemorrhage. A Narrative Review. Int J Mol Sci. 2021,
22(8), 4133. https://doi.org/10.3390/ijms22084133.

Tschoe C, Bushnell CD, Duncan PW, Alexander-Miller MA,
Wolfe SQ. Neuroinflammation after Intracerebral Hemorrhage

and Potential Therapeutic Targets. J Stroke. 2020, 22(1), 29-46.

https://doi.org/10.5853/j0s.2019.02236

Huang X, Zhang M, Wang J, Hu F. Association between in-
terleukin-6 levels and stroke: a systematic review and me-
ta-analysis. J Int Med Res. 2024, 52(9), 3000605241274626.
https://doi.org/10.1177/03000605241274626

Wu W, Luo Z, Shen D, Lan T, Xiao Z, Liu M, et al. IL-10
protects against OPC ferroptosis by regulating lipid reactive
oxygen species levels post stroke. Redox Biol. 2024, 69,
102982. https://doi.org/10.1016/j.redox.2023.102982

Sarejloo S, Kheradjoo H, Haghi SE, Hosseini S, Gargari MK,
Azarhomayoun A, et al. Neutrophil-to-Lymphocyte Ratio and
Early Neurological Deterioration in Stroke Patients: A Sys-
tematic Review and Meta-Analysis. Biomed Res Int. 2022,
2022, 8656864. https://doi.org/10.1155/2022/8656864

Luo Y, Zhao J. The dynamic changes of peripheral blood cell
counts predict the clinical outcomes of aneurysmal subarach-
noid hemorrhage. Heliyon. 2024, 10(8), e29763.
https://doi.org/10.1016/j.heliyon.2024.e29763

Luo Y, Xia LX, Li ZL, Pi DF, Tan XP, Tu Q. Early neutro-
phil-to-lymphocyte ratio is a prognostic marker in acute minor
stroke or transient ischemic attack. Acta Neurol Belg. 2021,
121(8), 1415-1421.
https://doi.org/10.1007/s13760-020-01289-3

58

(28]

[29]

[30]

[31]

[32]

[33]

(34]

[35]

[36]

[37]

(38]

[39]

Lattanzi S, Brigo F, Trinka E, Cagnetti C, Di Napoli M, Sil-
vestrini M. Neutrophil-to-Lymphocyte Ratio in Acute Cerebral
Hemorrhage: a System Review. Transl Stroke Res. 2019, 10(2),
137-145. https://doi.org/10.1007/s12975-018-0649-4

Shi M, Yang C, Tang QW, Xiao LF, Chen ZH, Zhao WY. The
Prognostic Value of Neutrophil-to-Lymphocyte Ratio in Pa-
tients With Aneurysmal Subarachnoid Hemorrhage: A Sys-
tematic Review and Meta-Analysis of Observational Studies.
Front Neurol. 2021, 12, 745560.
https://doi.org/10.3389/fneur.2021.745560

Alloubani A, Nimer R, Samara R. Relationship between Hy-
perlipidemia, Cardiovascular Disease and Stroke: A System-
atic Review. Curr Cardiol Rev. 2021, 17(6), e051121189015.
https://doi.org/10.2174/1573403X16999201210200342

Ma HX, Chen HQ, Wang PC. Association between
Non-high-density Lipoprotein Cholesterol to High-density
Lipoprotein Cholesterol Ratio (NHHR) and Stroke among
Adults in the USA: A Cross-Sectional NHANES Study. Bio-
med Environ Sci. 2025, 38(1), 37-46.
https://doi.org/10.3967/bes2025.001

Yang B, Ma X, Yang L, Bian G, Qiao B, Lu H, et al. Trends and
Prospects of Low-Density Lipoprotein Cholesterol in Stroke:
A Bibliometric Analysis. Cureus. 2024, 16(9), e69492.
https://doi.org/10.7759/cureus.69492

Aznaouridis K, Masoura C, Vlachopoulos C, Tousoulis D.
Statins in Stroke. Curr Med Chem. 2019, 26(33), 6174-6185.
https://doi.org/10.2174/0929867326666190620104539

Sanz-Cuesta BE, Saver JL. Lipid-Lowering Therapy and
Hemorrhagic Stroke Risk: Comparative Meta-Analysis of
Statins and PCSK9 Inhibitors. Stroke. 2021, 52(10),
3142-3150.
https://doi.org/10.1161/STROKEAHA.121.034576

Kamal FZ, Lefter R, Jaber H, Balmus IM, Ciobica A, lordache
AC. The Role of Potential Oxidative Biomarkers in the Prog-
nosis of Acute Ischemic Stroke and the Exploration of Anti-
oxidants as Possible Preventive and Treatment Options. Int J
Mol Sci. 2023, 24(7), 6389.
https://doi.org/10.3390/ijms24076389

Briyal S, Ranjan AK, Gulati A. Oxidative stress: A target to
treat Alzheimer's disease and stroke. Neurochem Int. 2023,
165, 105509. https://doi.org/10.1016/j.neuint.2023.105509

Yang Y, Li Z, Fan X, Jiang C, Wang J, Rastegar-Kashkooli Y,
et al. Nanozymes: Potential Therapies for Reactive Oxygen
Species Overproduction and Inflammation in Ischemic Stroke
and Traumatic Brain Injury. ACS Nano. 2024, 18(26),
16450-16467. https://doi.org/10.1021/acsnano0.4c03425

Kalogeris T, Baines CP, Krenz M, Korthuis RJ. Ische-
mia/Reperfusion. Compr Physiol. 2016, 7(1), 113-170.
https://doi.org/10.1002/cphy.c160006

Li P, Stetler RA, Leak RK, Shi Y, Li Y, Yu W, et al. Oxidative
stress and DNA damage after cerebral ischemia: Potential
therapeutic targets to repair the genome and improve stroke
recovery. Neuropharmacology. 2018, 134(Pt B), 208-217.
https://doi.org/10.1016/j.neuropharm.2017.11.011


http://www.sciencepg.com/journal/ijn

International Journal of Neurosurgery

http://www.sciencepg.com/journal/ijn

[40]

[41]

[42]

[43]

[44]

Tao T, Liu M, Chen M, Luo Y, Wang C, Xu T, et al. Natural
medicine in neuroprotection for ischemic stroke: Challenges
and prospective. Pharmacol Ther. 2020, 216, 107695.
https://doi.org/10.1016/j.pharmthera.2020.107695

Maggio E, Bocchini VP, Carnevale R, Pignatelli P, Violi F,
Loffredo L. Vitamin E supplementation (alone or with other
antioxidants) and stroke: a meta-analysis. Nutr Rev. 2024,
82(8), 1069-1078. https://doi.org/10.1093/nutrit/nuad114

Bavarsad Shahripour R, Harrigan MR, Alexandrov AV.
N-acetylcysteine (NAC) in neurological disorders: mecha-
nisms of action and therapeutic opportunities. Brain Behav.
2014, 4(2), 108-122. https://doi.org/10.1002/brb3.208

El-Gamal H, Parray AS, Mir FA, Shuaib A, Agouni A. Cir-
culating microparticles as biomarkers of stroke: A focus on the
value of endothelial- and platelet-derived microparticles. J Cell
Physiol. 2019, 234(10), 16739-16754.
https://doi.org/10.1002/jcp.28499

Hayon Y, Shai E, Varon D, Leker RR. The role of platelets and
their microparticles in rehabilitation of ischemic brain tissue.

59

[45]

[46]

[47]

(48]

CNS Neurol Disord Drug Targets. 2012, 11(7), 921-925.
https://doi.org/10.2174/1871527311201070921

Roth S, Wernsdorf SR, Liesz A. The role of circulating
cell-free DNA as an inflammatory mediator after stroke. Semin
Immunopathol. 2023, 45(3), 411-425.
https://doi.org/10.1007/s00281-023-00993-5

Glebova KV, Veiko NN, Nikonov AA, Porokhovnik LN,
Kostuyk SV. Cell-free DNA as a biomarker in stroke: Current
status, problems and perspectives. Crit Rev Clin Lab Sci. 2018,
55(1), 55-70. https://doi.org/10.1080/10408363.2017.1420032

Youyou Z, Ruirui J, Hui W, Zhaoyang L. Association between
lipoprotein(a) and ischemic stroke: Fibrinogen as a mediator. J
Neurol Sci. 2023, 452, 120738.
https://doi.org/10.1016/j.jns.2023.120738

Li X, Du H, Song Z, Meiqi, Zhang G, Yuan S, et al. Associa-
tion between fibrinogen levels and stroke-associated pneumo-
nia in acute ischemic stroke patients. BMC Neurol. 2024, 24(1),
256. https://doi.org/10.1186/s12883-024-03752-7


http://www.sciencepg.com/journal/ijn

