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Abstract: The neutrophil-to-lymphocyte ratio (NLR), an inflammatory marker, plays an important
role in the inflammatory mechanisms of the pathophysiology and progression of acute ischemic
stroke (AIS). The aim of this study was to identify the potential factors associated with functional
prognosis in AIS. A total of 303 AIS patients were enrolled in this study; baseline information
of each participant, including demographic characteristics, medical history, laboratory data, and
90-day functional outcome, was collected. Multivariate logistic regression analysis revealed that
NLR, systolic blood pressure (SBP) and National Institutes of Health Stroke Scale (NIHSS) score
were found to be independent factors for poor functional outcomes. Receiver operating char-
acteristic (ROC) curve analysis was performed to estimate the predictive value of the NLR for
90-day functional outcome, with the best predictive cutoff value being 3.06. In the multivariate
logistic regression analysis, three models were constructed: Model 1, adjusted for age, sex, SBP, and
TOAST classification (AUC = 0.694); Model 2, further adjusted for the NIHSS score at admission
(AUC = 0.826); and Model 3, additionally adjusted for the NLR (AUC = 0.829). The NLR at admission
was an independent predictor of 90-day prognosis in patients with AIS. The risk factors related to
poor 90-day functional outcomes were higher SBP, higher NLR, and a greater NIHSS score.

Keywords: acute ischemic stroke; inflammation; neutrophil-to-lymphocyte ratio; 90-day functional
outcome

1. Introduction

Globally, stroke is the second leading cause of death and the third leading cause of
death and disability [1]. Timely prediction and intervention can effectively reduce the
disability rate among patients. The pathogenesis of acute ischemic stroke (AIS) involves
multiple factors, including in situ thrombotic occlusion, artery-to-artery embolism, local
branch occlusion, the inflammatory response, ischemia–reperfusion injury, and other con-
tributing mechanisms [2]. Studies have shown that immune responses play an important
role in the pathophysiology and progression of AIS, particularly with regard to brain injury
and tissue repair [3–5]. In fact, inflammation and immune mechanisms can be involved
throughout all stages of the disease [6].

In recent studies, novel inflammatory markers, including the neutrophil-to-lymphocyte
ratio (NLR), C-reactive protein (CRP), the CRP-to-lymphocyte ratio (CLR), the platelet-to-
lymphocyte ratio (PLR), and the systemic immune-inflammation index (SII), have been
acknowledged as surrogate markers of systemic inflammation, and they have been valu-
able indicators for the diagnosis and prognosis of diverse infectious diseases, including
cancer [7–9], heart disease [10,11], acute respiratory distress syndrome (ARDS) [12], and
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COVID 2019 [13]. According to recent studies, these markers can also predict the compli-
cations of stroke. The NLR is significantly associated with the clinical prognosis of stroke
patients, including both patient outcomes following endovascular therapy (EVT) [14] and
the risk of hemorrhagic transformation (HT) [15]. In addition, increased systemic inflam-
mation is associated with the risk of progressive stroke [16,17] and the severity of cerebral
edema early after reperfusion therapy in stroke patients [18].

The aim of this study was to identify potential factors associated with 90-day functional
outcomes and explore the relationships between these factors and functional prognosis
in AIS. This study focused on common clinical inflammatory markers, including NLR,
CLR, SII, CRP, FIB, PLR, HCY, and WBC and ultimately validated the utility of the NLR
as a reliable prognostic indicator for AIS patients. Furthermore, our study integrated
clinical factors, biomarkers, and imaging to construct a highly accurate prediction model,
emphasizing that prompt and effective clinical intervention can significantly improve
patient outcomes.

2. Materials and Methods
2.1. Study Design and Participants

This was a single-center retrospective cohort study of all consecutive AIS patients
admitted to our stroke unit between July 2021 and October 2022. The inclusion criteria
were established based on the confirmation of AIS diagnosis through diffusion-weighted
imaging (DWI). The exclusion criteria were as follows: (1) had fever or an infectious
disease on admission or a history of immune system disease, (2) lacked complete imaging,
laboratory, or follow-up data, (3) had a life expectancy of less than 3 months or were
unable to complete the study for other reasons, and (4) were unable to comprehend or
adhere to study protocols or follow-up procedures due to mental, cognitive, or emotional
impairments. Finally, a total of 303 AIS patients fulfilled the inclusion criteria and were
included in the study (Figure 1).
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This study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Research Ethics Committee of the First Affiliated Hospital of Soo-
chow University.

2.2. Data Collection

Basic information on each participant who met the inclusion and exclusion criteria
was collected, including age, sex, systolic blood pressure (SBP), diastolic blood pressure
(DBP), medical history (including hypertension, diabetes mellitus, smoking, alcoholic habit,
history of stroke, atrial fibrillation, and other heart diseases), and clinical data on admission
(including relevant laboratory indicators, stroke severity at admission as measured by the
NIHSS score, stroke etiology established based on the TOAST classification, computed
tomography perfusion imaging (CTP)-positive, HT, and thrombolytic treatment).

The laboratory data included triglyceride (TG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), albumin, blood platelet count, creatinine, uric acid,
hemoglobin A1c, fasting blood glucose (FBG), fibrinogen (FIB), homocysteine (HCY), white
blood cell (WBC), CRP, NLR, CLR, PLR and SII. The NLR was calculated as the neutrophil
count/lymphocyte count. The CLR was calculated as the CRP/lymphocyte count. The
PLR was calculated as the platelet count/lymphocyte count. The SII was calculated as the
platelet count × neutrophil count/lymphocyte count. All blood samples were obtained
within 24 h of admission.

The modified Rankin scale (mRS) scores ranged from 0 to 6, with a score of 0 indi-
cating no symptoms, a score of 1 indicating no clinically significant disability, a score of
2 indicating slight disability, a score of 3 indicating moderate disability, a score of 4 indi-
cating moderately severe disability, a score of 5 indicating severe disability, and a score of
6 indicating death. We defined mRS scores of 0–1 at 90 days after AIS onset as excellent
functional outcomes and mRS scores of 2–6 as poor functional outcomes.

2.3. Statistical Tests

SPSS version 26.0 (SPSS, Inc., Chicago, IL, USA) was used for the statistical analysis.
The patients were categorized into two groups based on their mRS score at 90 days: those
with excellent functional outcomes (mRS: 0–1) and those with poor functional outcomes
(mRS: 2–6). The normality of the distribution was assessed using the Shapiro–Wilk test.
Continuous variables are presented as the mean ± standard deviation (SD), while nonnor-
mally distributed variables are presented as medians and interquartile ranges. Categorical
data were examined using the chi-squared test. The difference between two groups was
analyzed using a t-test for normally distributed continuous variables or the Mann–Whitney
U test for continuous variables that do not follow a normal distribution. Univariate logistic
regression and multivariate logistic regression analyses were also conducted to evaluate
the association between the NLR and 90-day clinical outcomes, and odds ratios (ORs)
and 95% confidence intervals (95% CIs) were calculated. Receiver operating characteris-
tic (ROC) curve analysis was performed to estimate the predictive value of the NLR for
90-day functional outcomes, and the optimal cutoff value was determined based on the
maximum Youden index. In the multivariate logistic regression analysis, three models were
constructed: Model 1, adjusted for age, sex, SBP, and TOAST classification; Model 2, further
adjusted for the NIHSS score at admission; and Model 3, additionally adjusted for the NLR.

3. Results
3.1. Demographics and Baseline Characteristics of All Participants

As shown in Table 1, significant differences between the two groups were described
by age, and patients with poor functional outcomes were older than patients with excellent
functional outcomes (t = 2.10; p < 0.05). Patients with higher SBP (t = 2.97, p < 0.05) and
higher TC (t = 2.15, p < 0.05) were more likely to suffer from poor functional outcomes.
Poor functional outcome patients showed higher NIHSS scores (Z = 8.47, p < 0.01) and a
higher NLR (Z = 5.43, p < 0.01). Another association was found between the two groups
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according to the TOAST classification (χ2 = 17.46, p < 0.01), and patients who were CTP
negative (χ2 = 10.36, p < 0.01) seemed to have poor functional outcomes.

Table 1. Clinical baseline characteristic of AIS patients according to 90-day mRS.

Demographic and Clinical Data
Excellent

Functional Outcome
(n = 217)

Poor
Functional Outcome

(n = 86)
t/Z/χ2 p

Age (years) 63.91 ± 13.02 67.30 ± 11.89 t = 2.10 0.037 *
Sex male/female 149/68 56/30 χ2 = 0.35 0.552
SBP † (mmHg) 146.66 ± 19.88 154.51 ± 22.68 t = 2.97 0.003 *
DBP † (mmHg) 83.52 ± 11.86 84.64 ± 12.83 t = 0.72 0.470
History of hypertension yes/no 146/71 56/30 χ2 = 0.13 0.719
History of diabetes yes/no 63/154 23/63 χ2 = 0.16 0.690
Alcoholic habit yes/no 42/175 14/72 χ2 = 0.39 0.534
Smoking yes/no 55/162 19/67 χ2 = 0.35 0.552
History of AF † yes/no 20/197 8/78 χ2 = 0.00 0.981
Other heart diseases yes/no 12/205 4/82 χ2 = 0.10 0.758
Previous stroke yes/no 38/179 14/72 χ2 = 0.07 0.798
TG † (mmol/L) [1.37 (1.03, 1.76)] [1.36 (0.99, 2.04)] Z = 0.13 0.900
TC † (mmol/L) 4.40 ± 1.05 4.69 ± 1.14 t = 2.15 0.032 *
LDL-C † (mmol/L) 2.73 ± 0.98 2.89 ± 1.09 t = 1.27 0.205
Albumin (g/L)
Prealbumin (g/L)

39.11 ± 3.44
238.31 ± 50.48

39.68 ± 3.72
234.57 ± 63.79

t = 1.28
t = 0.49

0.202
0.628

Blood platelet (109/L) [208 (172, 249)] [199 (165, 256)] Z = 0.65 0.514
Creatinine (µmol/L) [69.1 (58.8, 77.6)] [71.6 (57.8, 83.9)] Z = 1.45 0.149
Uric acid (µmol/L) 329.39 ± 96.65 347.08 ± 122.05 t = 1.20 0.231
FBG † (µmol/L) [5.38 (4.77, 6.74)] [5.75 (4.98, 7.44)] Z = 1.93 0.054
CRP † (mg/L) [2.46 (0.95, 8.05)] [7.49 (2.58, 15.36)] Z = 4.518 0.000 *
CLR †
HCY † (µmol/L)
WBC † (109/L)

[1.38 (0.58, 4.90)]
[9.90 (8.20, 12.10)]
[6.97 (5.61, 8.54)]

[5.11 (1.61, 10.64)]
[11.75 (9.60, 13.75)]
[8.18 (6.60, 10.00)]

Z = 5.216
Z = 3.314
Z = 3.371

0.000 *
0.001 *
0.001 *

NLR † [2.62 (1.94, 3.99)] [3.93 (2.83, 6.01)] Z = 5.43 0.000 *
SII †
PLR †
FIB † (g/L)

[529.74 (373.78, 841.03)]
[124.64 (92.75, 171.93)]

[2.80 (2.30, 3.32)]

[847.39 (531.30, 1375.46)]
[149.77 (113.44, 202.28)]

[3.22 (2.69, 3.95)]

Z = 4.555
Z = 3.140
Z = 3.940

0.000 *
0.002 *
0.000 *

Hemoglobin A1c ‡ (%) [6.1 (5.6, 7.3)] [6.1(5.7,7.2)] Z = 0.38 0.703
NIHSS † score [2 (1, 5)] [7 (4, 11)] Z = 8.47 0.000 *
TOAST classification † 98/23/80/16/0 59/10/12/5/0 χ2 = 17.46 0.001 *
CTP † -positive yes/no # 102/64 55/11 χ2 = 10.36 0.006 *
Thrombolytic yes/no 53/164 28/58 χ2 = 2.08 0.149
HT † yes/no † 5/212 2/84 χ2 = 0.88 0.831

Continuous data are shown as the mean ± SD, minimum and maximum values in patients with statistical
significance based on two sample t tests. Categorical data differences are represented with statistical significance
based on the chi-square test (χ2 and p) or Fisher’s exact test (Z and p). * p < 0.05. † SBP: systolic blood pressure;
DBP: diastolic blood pressure; AF: atrial fibrillation; TG: triglyceride; TC: total cholesterol; LDL-C: low-density
lipoprotein cholesterol; FBG: fasting blood glucose; CRP: C-reactive protein; CLR: the CRP-to-lymphocyte ratio;
HCY: homocysteine; WBC: white blood cell; NLR: the neutrophil-to-lymphocyte ratio; SII: the systemic immune-
inflammation index; PLR: the platelet-to-lymphocyte ratio; FIB: fibrinogen; TOAST refers to five classifications:
(1) large-artery atherosclerosis, (2) cardioembolism, (3) small-vessel occlusion, (4) stroke of other determined
etiology, and (5) stroke of undetermined etiology. NIHSS: National Institutes of Health Stroke Scale; CTP:
computed tomography perfusion imaging; HT: hemorrhagic transformation. ‡ We defined modified Rankin
scale (mRS) scores of 0–1 at 90 days after AIS onset as excellent functional outcomes and mRS scores of 2–6 as
poor functional outcomes. A total of 217 patients with excellent functional outcomes and 86 patients with poor
functional outcomes underwent HCY tests, while 208 patients with excellent functional outcomes and 83 patients
with poor functional outcomes underwent hemoglobin A1c tests. # A total of 166 patients with excellent functional
outcomes and 66 patients with poor functional outcomes underwent CTP tests.
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3.2. Comparison of Derived Blood Lymphocyte Parameters

As shown in Figure 2 and Table 2, ROC curve analysis revealed that the cutoff
levels of NLR [AUC = 0.717 (0.648 to 0.786)], CLR [AUC = 0.697 (0.625 to 0.768)], SII
[AUC = 0.694 (0.626 to 0.763)], CRP [AUC = 0.663 (0.587 to 0.738)], FIB [AUC = 0.661) (0.589
to 0.734)], PLR [AUC = 0.639 (0.567 to 0.710)], HCY [AUC = 0.624 (0.550 to 0.698)], and WBC
[AUC = 0.622 (0.547 to 0.697)] were 3.06, 3.87, 769.83, 4.44, 3.03, 125.09, 11.15, 7.43. The NLR
had a significantly greater AUC than did the CLR, SII, CRP, FIB, PLR, HCY and WBC in
predicting 90-day functional outcomes in patients with AIS.
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Table 2. ROC analysis results of the derived blood lymphocyte parameters.

AUC-ROC 95% CI Cut-Off Level p Value

NLR 0.717 0.648, 0786 3.06 <0.001
CLR 0.697 0.625, 0.768 3.87 <0.001
SII 0.694 0.626, 0.763 769.83 <0.001

CRP 0.663 0.587, 0.738 4.4 <0.001
FIB 0.661 0.589, 0.734 3.03 <0.001
PLR 0.639 0.567, 0.710 125.09 <0.001
HCY 0.624 0.550, 0.698 11.15 0.002
WBC 0.622 0.547, 0.697 7.43 0.002

NLR: the neutrophil-to-lymphocyte ratio; CLR: the CRP-to-lymphocyte ratio; SII: the systemic immune-
inflammation index; CRP: C-reactive protein; FIB: fibrinogen; PLR: the platelet-to-lymphocyte ratio; HCY:
homocysteine; WBC: white blood cell.

3.3. Analysis of Risk Factors Associated with Unfavorable Prognosis in AIS Patients

To avoid the influence of multiple comparisons, we chose p < 0.05 in Table 1 when
performing multivariate logistic regression analysis. We selected the NLR, which has the
most influential prognostic value among inflammatory factors. The three variables (NIHSS
score, TOAST classification and NLR) with the most significant associations, SBP, TC and
CTP-positivity were combined with age and sex and used to construct a prediction scale
using a multivariate logistic model. As shown in Table 3, the SBP (OR = 1.015, p < 0.01),
NLR (OR = 1.145, p < 0.01) and NIHSS score (OR = 1.241, p < 0.01) showed the most



Brain Sci. 2024, 14, 250 6 of 11

significant associations with poor functional outcomes according to multivariate statistical
analysis, and the other variables, including age, sex, and TOAST classification, showed
no associations.

Table 3. Multivariable logistic regression model for predicting patients with 90-day mRS.

Variables Odd Ratio 95% CI p Value

Age 1.016 0.99, 1.05 0.313
Sex 0.903 0.46, 1.77 0.766
SBP (mmHg) 1.015 1.00, 1.03 0.043
NLR 1.148 1.04, 1.27 0.008
NIHSS score 1.255 1.16, 1.36 0.000
Large-artery atherosclerosis 1.458 0.36, 5.96 0.599
Cardio-embolism 0.524 0.10, 2.90 0.459
Small-vessel occlusion 0.467 0.10, 2.10 0.320
TC 1.260 0.95, 1.67 0.104
CTP-positive 0.550 0.31, 1.43 0.221
CTP-negative 0.775 0.35, 1.74 0.536

SBP: systolic blood pressure; NLR: the neutrophil-to-lymphocyte ratio; NIHSS: National Institutes of Health
Stroke Scale; TC: total cholesterol; CTP: computed tomography perfusion imaging.

3.4. Comparison of Functional Outcomes of AIS Patients with High or Low NLR

A ROC curve was drawn to estimate the predictive value of the NLR for 90-day
poor functional outcomes. We observed that the area under the curve was 0.7 (95% CI
0.636–0.765), and the best predictive cutoff value was 3.06, with a sensitivity of 70.3% and a
specificity of 67.0%. As shown in Figure 3, we divided patients into two groups around the
cutoff value, and the scores on mRS are shown for the patients in the two groups who had
data for the primary outcome.
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Figure 3. Distribution of functional outcomes at 90 days in patients with high NLR and low NLR. A
high NLR is defined as an NRL greater than or equal to 3.06, and a low NLR is defined as an NLR
less than 3.06. NLR: the neutrophil-to-lymphocyte ratio; mRS: modified Rankin scale.

3.5. Comparison of Various Models in Predicting 90-Day Functional Outcome with AIS

A ROC analysis was performed to examine the accuracy of the prediction scale of
the 90-day mRS. As shown in Figure 4, SBP, TOAST classification, NIHSS score and NLR
together showed a significantly high AUC (area under the ROC curve) of 0.829, which
indicated the higher accuracy of the 90-day functional outcome prediction scale. The AUC
of the predictions based on SBP and TOAST classification (green curve, AUC = 0.694) and
on the SBP, TOAST classification and NIHSS score (orange curve, AUC = 0.826) are also
presented. Age and sex effects were included in the multivariate logistic model to construct
prediction scales.
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4. Discussion

In this study, which included 303 patients with AIS, we found potential clinical risk
factors for 90-day poor functional outcomes following AIS, including older age, higher
SBP, higher TC, higher NIHSS score, TOAST classification, CTP-positive and a higher NLR.
Among the various inflammatory markers examined, such as CLR, SII, CRP, FIB, SCY, WBC
and PLR, the NLR exhibited a superior ability to predict the 90-day functional outcome,
with an area under the curve of approximately 0.717 and an optimal cutoff value of 3.06.
Furthermore, the NLR, age, sex, SBP, NIHSS score and TOAST classification substantially
enhanced the accuracy of the prediction of functional outcome in patients with AIS at
90 days.

The majority of studies conducted both domestically and internationally have consis-
tently proven that hypertension is the most important risk factor for cerebral infarction.
Many studies have shown that elevated blood pressure is associated with adverse outcomes
in patients with AIS who receive intravenous thrombolysis (IVT) or EVT [19–21]. Our study
also indicates that SBP serves as an independent risk factor for poor functional outcomes
in AIS patients, with a higher SBP correlating to a greater likelihood of experiencing
unfavorable clinical outcomes.

A few studies have shown that elevated TC levels are associated with outcomes of
ischemic stroke. A study involving 513 patients with AIS found that post-stroke mortality
was negatively correlated with TC, with higher TC being a protective factor for post-stroke
prognosis [22]. Our study also indicates an association between TC and stroke prognosis,
although it does not act as an independent risk factor. The NIHSS score is the predominant
clinical scale utilized for evaluating stroke severity. Generally, a higher NIHSS score is
related to a more severe stroke. Multiple studies have shown a strong association between
the NIHSS score upon admission and 90-day functional outcomes [23,24]. Our study
confirms this finding. The TOAST classifies cerebral infarction into five distinct types
based on the etiology of the condition [25]. The stratification of risk factors, treatment
selection and prognostic assessment for various types of cerebral infarction can be facilitated
according to the TOAST classification.
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CTP is a medical imaging method, enabling the estimation of irreversible ischemic
core damage as well as potentially salvageable ischemic penumbra [26]. CTP may aid in the
selection of EVT and the prediction of the prognosis of stroke patients. The DAWN [27] and
DEFUSE 3 [28] trials have demonstrated the efficacy of EVT in patients with stroke occurring
more than 6 h prior, as these patients exhibit a favorable CTP penumbral pattern. However,
our study revealed that CTP is associated with functional outcomes in AIS patients but
is not an independent risk factor in the multivariate logistic regression analysis of AIS
patients. One potential explanation is that the prognosis of AIS patients is influenced by
numerous factors such as age, lesion extent, early treatments, and rehabilitation measures.
Therefore, relying solely on CTP may not accurately predict prognosis. In addition, it may
be related to different subjects. Our subjects received various treatments, including IVT,
EVT or antiplatelet therapy alone.

The majority of strokes are caused by atherosclerosis, which leads to stenosis or occlu-
sion of the cerebellum. This subsequently results in ischemia and hypoxia in brain tissue,
leading to damage in corresponding functional areas. In recent years, growing evidence
has suggested that inflammation plays a pivotal role in the initiation and progression of
stroke [29,30]. After ischemia, the damaged brain tissue triggers a local inflammatory re-
sponse, leading to the release of inflammatory mediators. Neutrophils, monocytes, and other
immune cells accumulate and secrete metalloproteinases (MMPs), perforin, cytokines, and
neutrophil extracellular traps (NETs), thereby causing damage to brain tissue. Simultaneously,
thrombin is activated, disrupting endothelial barrier function and initiating complement
system activation [4,31]. Blood analysis, the most commonly used clinical test, has significant
value in determining the prognosis of stroke. By incorporating the ratio of various inflamma-
tory indicators, such as the NLR, PLR, and CLR, this approach has been shown to provide
greater predictive value than relying solely on individual inflammatory markers [32].

Previous studies have demonstrated the association between the NLR and stroke
prognosis. The initial investigation of the relationship between the NLR and short-term
mortality in stroke patients demonstrated that the NLR serves as an independent prog-
nostic indicator of short-term mortality in AIS patients, with higher NLRs significantly
associated with increased stroke-related mortality [33–36]. Min-Su Kim et al. discovered
a similar finding, indicating an optimal NLR threshold value of 2.09 [37]. Our study also
provided evidence that the NLR is an independent factor for 3-month clinical functional
outcomes in patients with AIS. Furthermore, an increased NLR may also predict infarction
size irrespective of its etiology [38]. Lattanzi et al. reported that patients with AIS and a
higher NLR at admission exhibited a greater propensity for early neurological deterioration
(END), with an optimal NLR threshold value of 6.4 [39]. Furthermore, multiple studies
have substantiated the association between an increased NLR and HT in patients with AIS.
Goyal et al. reported that the NLR was a significant independent predictor of symptomatic
intracranial hemorrhage (sICH) and 3-month mortality in patients with large vessel occlu-
sion who underwent EVT [40]. Similarly, Milena Switonska et al. also discovered that NLR
at admission can accurately predict sHT in AIS patients undergoing revascularization [41].
Slaven Pikija et al. confirmed this conclusion and highlighted that the critical value of ICH
is 3.89 [42]. Additionally, a high NLR is associated with an increased likelihood of stroke
complications, including poststroke depression [43], stroke-associated pneumonia [44,45],
delirium after stroke [46] and poststroke cognitive impairment [47,48].

The relationship between inflammation, including systemic and intravascular inflam-
mation, and acute ischemic stroke is currently a focal point of attention. Our study focused
on common clinical inflammatory markers such as NLR, CLR, SII, CRP, FIB, PLR, HCY
and WBC, ultimately finding that the NLR exhibited the strongest correlation with a poor
prognosis following stroke. Our study also encompassed clinical factors, laboratory indica-
tors, including inflammation markers, and imaging in order to identify risk factors that
impact the prognosis of AIS and establish a predictive model. The present model enhances
the accuracy of predicting functional outcomes during the early stages of AIS, facilitating
timely intervention and reducing disability rates later in disease progression. Combined
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with the findings of previous studies and our study, these findings further substantiated
the role of immune inflammation in stroke.

This study has several limitations. First, our study was a single-center retrospective
study, which resulted in the exclusion of a large number of patients and potential selection
bias. Furthermore, our study did not differentiate between various reperfusion treatments,
such as IVT or EVT, nor did it consider the potential impact of END on patients. Moreover,
we did not include information regarding poststroke complications, which could have
contributed to adverse clinical outcomes. Additionally, dynamic changes in the NLR were
not monitored. Future research should further address the shortcomings mentioned above.

5. Conclusions

Our study demonstrated that the NLR was an independent predictor of 90-day prog-
nosis in patients with AIS and identified potential factors associated with 90-day functional
outcomes; these factors were utilized to construct highly accurate prediction models. The
NLR may serve as a simple and low-cost marker for predicting functional outcomes in
patients with AIS.
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14. Pinčáková, K.; Krastev, G.; Haring, J.; Mako, M.; Mikulášková, V.; Bošák, V. Low Lymphocyte-to-Monocyte Ratio as a Possible
Predictor of an Unfavourable Clinical Outcome in Patients with Acute Ischemic Stroke after Mechanical Thrombectomy. Stroke
Res. Treat. 2022, 2022, 9243080. [CrossRef] [PubMed]

15. Song, Q.; Pan, R.; Jin, Y.; Wang, Y.; Cheng, Y.; Liu, J.; Wu, B.; Liu, M. Lymphocyte-to-monocyte ratio and risk of hemorrhagic
transformation in patients with acute ischemic stroke. Neurol. Sci. 2020, 41, 2511–2520. [CrossRef]

16. Gong, P.; Liu, Y.; Gong, Y.; Chen, G.; Zhang, X.; Wang, S.; Zhou, F.; Duan, R.; Chen, W.; Huang, T.; et al. The association of
neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, and lymphocyte to monocyte ratio with post-thrombolysis early
neurological outcomes in patients with acute ischemic stroke. J. Neuroinflammation 2021, 18, 51. [CrossRef] [PubMed]

17. Mao, X.; Yu, Q.; Liao, Y.; Huang, Q.; Luo, S.; Li, S.; Qiu, Y.; Wu, Y.; Zhang, J.; Chen, Q.; et al. Lymphocyte-to-Monocyte Ratio Is
Independently Associated with Progressive Infarction in Patients with Acute Ischemic Stroke. BioMed Res. Int. 2022, 2022, 2290524.
[CrossRef]

18. Ferro, D.; Matias, M.; Neto, J.; Dias, R.; Moreira, G.; Petersen, N.; Azevedo, E.; Castro, P. Neutrophil-to-Lymphocyte Ratio Predicts
Cerebral Edema and Clinical Worsening Early After Reperfusion Therapy in Stroke. Stroke 2021, 52, 859–867. [CrossRef]

19. Malhotra, K.; Ahmed, N.; Filippatou, A.; Katsanos, A.H.; Goyal, N.; Tsioufis, K.; Manios, E.; Pikilidou, M.; Schellinger, P.D.;
Alexandrov, A.W.; et al. Association of Elevated Blood Pressure Levels with Outcomes in Acute Ischemic Stroke Patients Treated
with Intravenous Thrombolysis: A Systematic Review and Meta-Analysis. J. Stroke 2019, 21, 78–90. [CrossRef]

20. Samuels, N.; van de Graaf, R.A.; Mulder, M.J.H.L.; Brown, S.; Roozenbeek, B.; van Doormaal, P.J.; Goyal, M.; Campbell, B.C.V.;
Muir, K.W.; Agrinier, N.; et al. Admission systolic blood pressure and effect of endovascular treatment in patients with ischaemic
stroke: An individual patient data meta-analysis. Lancet Neurol. 2023, 22, 312–319. [CrossRef]

21. Malhotra, K.; Goyal, N.; Katsanos, A.H.; Filippatou, A.; Mistry, E.A.; Khatri, P.; Anadani, M.; Spiotta, A.M.; Sandset, E.C.; Sarraj,
A.; et al. Association of Blood Pressure With Outcomes in Acute Stroke Thrombectomy. Hypertension 2020, 75, 730–739. [CrossRef]

22. Olsen, T.S.; Christensen, R.H.; Kammersgaard, L.P.; Andersen, K.K. Higher total serum cholesterol levels are associated with less
severe strokes and lower all-cause mortality: Ten-year follow-up of ischemic strokes in the Copenhagen Stroke Study. Stroke 2007,
38, 2646–2651. [CrossRef]

23. Rangaraju, S.; Frankel, M.; Jovin, T.G. Prognostic Value of the 24-Hour Neurological Examination in Anterior Circulation Ischemic
Stroke: A post hoc Analysis of Two Randomized Controlled Stroke Trials. Interv. Neurol. 2015, 4, 120–129. [CrossRef] [PubMed]

24. Heitsch, L.; Ibanez, L.; Carrera, C.; Binkley, M.M.; Strbian, D.; Tatlisumak, T.; Bustamante, A.; Ribó, M.; Molina, C.; Dávalos, A.;
et al. Early Neurological Change After Ischemic Stroke Is Associated With 90-Day Outcome. Stroke 2021, 52, 132–141. [CrossRef]

25. Adams, H.P., Jr.; Bendixen, B.H.; Kappelle, L.J.; Biller, J.; Love, B.B.; Gordon, D.L.; Marsh, E.E., 3rd. Classification of subtype of
acute ischemic stroke. Definitions for use in a multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment.
Stroke 1993, 24, 35–41. [CrossRef] [PubMed]

26. Campbell, B.C.V.; Majoie, C.B.L.M.; Albers, G.W.; Menon, B.K.; Yassi, N.; Sharma, G.; van Zwam, W.H.; van Oostenbrugge, R.J.;
Demchuk, A.M.; Guillemin, F.; et al. Penumbral imaging and functional outcome in patients with anterior circulation ischaemic
stroke treated with endovascular thrombectomy versus medical therapy: A meta-analysis of individual patient-level data. Lancet
Neurol. 2018, 18, 46–55. [CrossRef]

27. Nogueira, R.G.; Jadhav, A.P.; Haussen, D.C.; Bonafe, A.; Budzik, R.F.; Bhuva, P.; Yavagal, D.R.; Ribo, M.; Cognard, C.; Hanel, R.A.;
et al. Thrombectomy 6 to 24 Hours after Stroke with a Mismatch between Deficit and Infarct. N. Engl. J. Med. 2018, 378, 11–21.
[CrossRef]

28. Albers, G.W.; Marks, M.P.; Kemp, S.; Christensen, S.; Tsai, J.P.; Ortega-Gutierrez, S.; McTaggart, R.A.; Torbey, M.T.; Kim-Tenser,
M.; Leslie-Mazwi, T.; et al. Thrombectomy for Stroke at 6 to 16 Hours with Selection by Perfusion Imaging. N. Engl. J. Med. 2018,
378, 708–718. [CrossRef] [PubMed]

29. Stoll, G.; Nieswandt, B. Thrombo-inflammation in acute ischaemic stroke—Implications for treatment. Nat. Rev. Neurol. 2019, 15,
473–481. [CrossRef]

https://doi.org/10.1016/j.ijsu.2018.11.020
https://doi.org/10.3390/cancers14020343
https://doi.org/10.1161/JAHA.122.026326
https://doi.org/10.1038/s41598-021-97678-6
https://doi.org/10.3389/fmed.2021.636869
https://doi.org/10.1016/j.jinf.2020.09.022
https://www.ncbi.nlm.nih.gov/pubmed/32979408
https://doi.org/10.1155/2022/9243080
https://www.ncbi.nlm.nih.gov/pubmed/36536620
https://doi.org/10.1007/s10072-020-04355-z
https://doi.org/10.1186/s12974-021-02090-6
https://www.ncbi.nlm.nih.gov/pubmed/33610168
https://doi.org/10.1155/2022/2290524
https://doi.org/10.1161/STROKEAHA.120.032130
https://doi.org/10.5853/jos.2018.02369
https://doi.org/10.1016/S1474-4422(23)00076-5
https://doi.org/10.1161/HYPERTENSIONAHA.119.14230
https://doi.org/10.1161/STROKEAHA.107.490292
https://doi.org/10.1159/000443801
https://www.ncbi.nlm.nih.gov/pubmed/27051408
https://doi.org/10.1161/STROKEAHA.119.028687
https://doi.org/10.1161/01.STR.24.1.35
https://www.ncbi.nlm.nih.gov/pubmed/7678184
https://doi.org/10.1016/S1474-4422(18)30314-4
https://doi.org/10.1056/NEJMoa1706442
https://doi.org/10.1056/NEJMoa1713973
https://www.ncbi.nlm.nih.gov/pubmed/29364767
https://doi.org/10.1038/s41582-019-0221-1


Brain Sci. 2024, 14, 250 11 of 11

30. Shi, K.; Tian, D.-C.; Li, Z.-G.; Ducruet, A.F.; Lawton, M.T.; Shi, F.-D. Global brain inflammation in stroke. Lancet Neurol. 2019, 18,
1058–1066. [CrossRef]

31. Westendorp, W.F.; Dames, C.; Nederkoorn, P.J.; Meisel, A. Immunodepression, Infections, and Functional Outcome in Ischemic
Stroke. Stroke 2022, 53, 1438–1448. [CrossRef]

32. Curbelo, J.; Bueno, S.L.; Galván-Román, J.M.; Ortega-Gómez, M.; Rajas, O.; Fernández-Jiménez, G.; Vega-Piris, L.; Rodríguez-
Salvanes, F.; Arnalich, B.; Díaz, A.; et al. Inflammation biomarkers in blood as mortality predictors in community-acquired
pneumonia admitted patients: Importance of comparison with neutrophil count percentage or neutrophil-lymphocyte ratio. PLoS
ONE 2017, 12, e0173947. [CrossRef]

33. Bolton, W.S.; Gharial, P.K.; Akhunbay-Fudge, C.; Chumas, P.; Mathew, R.K.; Anderson, I.A. Day 2 neutrophil-to-lymphocyte and
platelet-to-lymphocyte ratios for prediction of delayed cerebral ischemia in subarachnoid hemorrhage. Neurosurg. Focus 2022,
52, E4. [CrossRef]

34. Chen, C.; Gu, L.; Chen, L.; Hu, W.; Feng, X.; Qiu, F.; Fan, Z.; Chen, Q.; Qiu, J.; Shao, B. Neutrophil-to-Lymphocyte Ratio and
Platelet-to-Lymphocyte Ratio as Potential Predictors of Prognosis in Acute Ischemic Stroke. Front. Neurol. 2021, 11, 525621.
[CrossRef]

35. Giede-Jeppe, A.; Madžar, D.; Sembill, J.A.; Sprügel, M.I.; Atay, S.; Hoelter, P.; Lücking, H.; Huttner, H.B.; Bobinger, T. Increased
Neutrophil-to-Lymphocyte Ratio is Associated with Unfavorable Functional Outcome in Acute Ischemic Stroke. Neurocritical Care
2019, 33, 97–104. [CrossRef]
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