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Objective: To determine whether differences in lymphocyte-related inflammatory markers in the ultra-early phase of stroke (within 
24 hours of onset) are associated with post-stroke cognitive impairment in the early recovery phase (within 30 days of stroke onset), 
and to further assess the predictive value of these markers.
Methods: The study population consisted of patients who underwent rehabilitation treatment at the Rehabilitation Department of 
Hebei University Affiliated Hospital between December 2024 and June 2025, within 30 days of stroke onset, ie, during the early 
recovery phase of stroke. Patients were grouped based on whether they developed cognitive impairment. A retrospective analysis was 
conducted of patients’ blood markers and neurological deficit scores within 24 hours of stroke onset to examine the relationship 
between ultra-early blood markers and neurological deficits and post-stroke cognitive impairment.
Results: There were no significant differences in baseline data between the two groups. However, the proportion of hemorrhagic 
stroke patients was significantly higher in the PSCI group than in the non-PSCI group (39.7% vs 18.8%, P=0.026<0.05). NLR and 
NIHSS scores showed significant differences between the two groups. Multivariate analysis indicated that NIHSS (OR=1.297, 95% 
CI: 1.167–1.442, p<0.001) was independently associated with PSCI, while NLR (OR=1.107, 95% CI: 0.995–1.231, p=0.063) showed 
a borderline association with PSCI. MLR showed differences between the two groups in univariate analysis (P=0.018) but was 
excluded in multivariate analysis. ULR did not show significant differences.
Conclusion: NIHSS is a strong predictive factor (P < 0.05), with a cut of value of 12 calculated by the ROC curve. NLR is at the 
threshold for an independent risk factor. Subsequent ROC curves indicate that NLR has low diagnostic sensitivity but high specificity, 
making it more suitable for screening rather than diagnostic use. MLR and ULR did not demonstrate high predictive value; further 
studies should be conducted to expand the sample size, perform subgroup analyses, and increase follow-up.
Keywords: post-stroke cognitive impairment, NIHSS, NLR, MLR, ULR

Background
The 2020 China Stroke Report shows that the prevalence of stroke in China is 1,114.8 per 100,000 people, the annual 
incidence rate is 246.8 per 100,000 people, and the mortality rate is 149.49 per 100,000 people. China has become the country 
with the highest lifetime risk of stroke and the heaviest disease burden globally.1 Post-stroke cognitive impairment (PSCI) 
refers to a clinical syndrome characterized by cognitive impairment that occurs after a stroke event and persists for up to six 
months. According to literature reports, approximately one-third of stroke patients experience.2 The diagnosis of PSCI is 
typically based on clinical assessment, neuropsychological assessment, and neuroimaging. The Montreal Cognitive 
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Assessment (MoCA) and the Mini-Mental State Examination (MMSE) are the most widely used cognitive tests in PSCI 
research.3 However, both are subject to copyright restrictions, which pose challenges for research. Meanwhile, the new 
cognitive test Mini-Cog, which is simple to administer and time-efficient, can aid in detecting the early stages of cognitive 
impairment. In a post-hoc analysis of a population-based study of older adults in the United States, the Mini-Cog scores 
classified as “possibly impaired” or “possibly normal” using the algorithm were comparable to those of the MMSE with 
a cutoff point of 25 in terms of sensitivity (76% vs 79%) and specificity (89% vs 88%) for dementia.-Cog, which was scored as 
“possibly impaired” or “possibly normal” by the algorithm, showed similar sensitivity (76% vs 79%) and specificity (89% vs 
88%) for dementia compared to the MMSE with a cutoff point of 25. These results were comparable to those obtained using 
traditional neuropsychological assessments (sensitivity 75%, specificity 90%).4 A meta-analysis indicated that for cognitive 
impairment (including dementia and mild cognitive impairment) in primary care settings, Mini-Cog showed 73% sensitivity 
and 84% specificity. In secondary care settings, Mini-Cog showed 73% sensitivity and 76% specificity5 All performed well.

In addition to clinical examinations, neuropsychological assessments, and imaging studies, various blood biomarkers 
have become a focal point of research. By measuring indicators associated with brain injury in the early stages of stroke, 
it is possible to predict the occurrence of PSCI, which aids in the early identification of PSCI and facilitates further 
rehabilitation interventions. Inflammatory factors are closely associated with cognitive impairment. Clinically, lympho
cyte-related inflammatory markers, such as the neutrophil-lymphocyte ratio (NLR), have been shown to have predictive 
value in a prospective cohort study of cognitive impairment following ischemic stroke. Peripheral NLR levels are 
significantly elevated in PSCI patients.3

Another inflammatory marker closely related to lymphocytes—the monocyte-to-lymphocyte ratio (MLR)—is more 
commonly used in the prediction of cardiovascular disease.6 The serum uric acid to lymphocyte ratio (ULR) has been 
validated as a new lymphocyte-related inflammatory marker with superior predictive value for hemorrhagic stroke 
compared to uric acid or lymphocyte levels alone in a large prospective cohort study conducted in China.7 This study 
was conducted to further clarify whether differences in inflammatory markers, especially lymphocyte-related inflamma
tory markers, in the ultra-early stage of stroke (within 24 hours of onset), including hemorrhagic stroke, are associated 
with post-stroke cognitive impairment in the early recovery stage (within 30 days of stroke onset).8

Research Methods
This study is a retrospective study targeting patients who underwent rehabilitation therapy at the Rehabilitation Department of 
Hebei University Affiliated Hospital between December 2024 and June 2025, specifically those within 30 days post-stroke, ie, 
in the early recovery phase of stroke. The study population was divided into an observation group (PSCI group) and a control 
group (non-PSCI group) based on the occurrence of cognitive impairment. A retrospective analysis was conducted of blood 
markers and neurological deficit scores within 24 hours of stroke onset, to investigate the relationship between ultra-early 
blood markers and neurological deficits and the occurrence of cognitive impairment after stroke.

Refer to previous literature,3 the inclusion criteria are as follows: (1) age ≥ 18 years; (2) confirmed by cranial 
computed tomography (CT) or magnetic resonance imaging (MRI);2 (3) Patients who have experienced a stroke within 
the past 30 days, are in the early stages of recovery, have stable conditions, are conscious, can speak fluently, and are able 
to cooperate with rehabilitation assessments and treatments; (4) Patients who visited the Department of Neurology, 
Department of Neurosurgery, Department of Critical Care Medicine, or other relevant departments at Hebei University 
Affiliated Hospital within 24 hours of experiencing a stroke, with complete clinical data and traceable medical records 
from within 24 hours of the onset of symptoms.

Refer to previous literature,3 the exclusion criteria are as follows: (1) Patients who had been diagnosed with cognitive 
impairment disorders prior to the stroke, including Alzheimer’s disease, frontotemporal dementia, Parkinson’s disease 
dementia, Lewy body dementia, mixed dementia, and other types of cognitive impairment or dementia caused by various 
reasons; (2) Patients unable to cooperate with cognitive function assessments, including those with severe aphasia, 
hearing impairments, dysarthria, impaired consciousness, visual impairments, or those unable to write normally due to 
limb dysfunction caused by stroke; (3) Patients with unstable conditions who are unable to cooperate with assessments 
and rehabilitation therapy, including but not limited to those with severe illnesses such as cardiovascular diseases (eg, 
severe heart failure, severe arrhythmias), renal diseases (eg, renal failure), pulmonary diseases (eg, severe pneumonia, 
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respiratory failure), etc.; (4) Patients who had conditions prior to the stroke that could trigger inflammatory and immune 
responses (eg, acute infections, tumors, blood disorders, autoimmune diseases, recent major surgeries, or trauma); (5) 
Patients who had been taking medications that could interfere with the inflammatory and immune systems prior to the 
stroke (eg, antibiotics, corticosteroids, immunosuppressants, targeted therapies, etc).; (6) Patients with a history of 
recurrent strokes.

Based on the Mini-Cog score, patients were divided into a post-stroke cognitive impairment (PSCI) group and 
a group without post-stroke cognitive impairment. This study complies with the World Medical Association’s Declaration 
of Helsinki and has been approved by the Ethics Committee of Hebei University Affiliated Hospital (the Ethics 
Committee of Affiliated Hospital of Hebei University:HDFYLL - KY - 2024 - 120).

Data Collection
Baseline Characteristics
Age, sex, body mass index (BMI), educational attainment (elementary, middle school, university),smoking and alcohol 
use,were collected.

Clinical Variables
This included past medical history (including coronary heart disease, diabetes, and hypertension, the definition criteria 
are a previous clear diagnosis of a related disease and/or long-term use of therapeutic drugs prior to onset, stroke type 
(hemorrhagic or ischemic).

Observation Indicators
Extract and analyze medical records from the acute phase within 24 hours of onset, extracting data on neutrophils, 
lymphocytes, monocytes, and uric acid, and calculate NLR, MLR, and ULR. Uric acid levels were analyzed using the 
Fusion biochemical analyzer from Johnson & Johnson, and blood cell counts were measured using the XN-L™ Series 
blood analyzer from Sysmex Corporation. Stroke severity was assessed using the National Institute of Health Stroke 
Scale (NIHSS) to evaluate neurological deficit scores.9

Cognitive Function Assessment and Grouping
The official Chinese version of the Mini-Cog official website was used to assess the cognitive function of the patients, 
which was truncated into a control group (no cognitive impairment group) and an observation group (cognitive 
impairment group) with 4 points.

The sample size calculation formula is: n ¼ Z2�p�ð1� pÞ
d2 where the expected prevalence rate (P) is 1/3 (33%) as 

described in the background section above, the confidence interval is 95%, and the allowable error is 0.1. The minimum 
sample size calculated is 85 cases, which will be assessed by therapists who are trained and proficient in using the Mini- 
Cog. A total of 127 cases were ultimately included in this study, 69 in the control group and 58 in the observation group.

Statistical Analysis
Descriptive statistical analysis was conducted. Data were categorized as either count data or measurement data. 
Measurement variables included age, BMI, NIHSS score, MLR, NLR, and ULR. Count variables included sex, education 
level, smoking status, alcohol use, history of chronic conditions (coronary heart disease, diabetes, hypertension), stroke 
type.(The normality test for the measurement data revealed a skewed distribution except for age and BMI, where the 
mean ± standard deviation was used to describe the centralized and discrete trends, and the t-test was used to compare the 
differences between the groups, while the rest were statistically described using quartiles, and the Mann–Whitney test in 
non-parametric tests was used to compare the differences between the groups. Measurements were described using 
percentages and the chi-square test was used to compare differences between groups. Box scatter plots of data 
distribution for MLR, NLR, ULR, and NIHSS scores were also plotted for the two groups of data. Statistical analyses 
were performed using SPSS software, version 25.0. Graphs were created using GraphPad Prism, version 10.0.
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All variables were included in univariate logistic regression analysis to investigate their association with PSCI. All 
variables with P values < 0.1 were included in the subsequent multivariate logistic regression model. Based on the 
logistic regression results, the receiver operating characteristic (ROC) curve was used to assess the potential predictive 
performance for PSCI. All statistical analyses were defined as statistically significant with a two-sided P value < 0.05. 
Regression analysis was performed using SPSS 25.0, and ROC curves were plotted using MedCalc 23.0.9, which 
automatically calculated the cutoff value, sensitivity, and specificity.

Results
Demographic Data
A total of 127 post-stroke patients were included in this study, including 69 in the group with normal cognitive function 
(control group) and 58 in the group with post-stroke cognitive impairment (observation group). In terms of age (control 
group: 60.64 ± 11.26 years, observation group: 57.03 ± 13.61 years; p = 0.100), body mass index (BMI, control group: 
25.99 ± 3.77, observation group: 27.14 ± 3.58; p = 0.845), gender distribution (percentage of males: 63.8% in the control 
group, 69.0% in the observation group; p = 0.538), education level (p = 0.538), and the number of post-stroke cognitively 
impaired patients in the observation group. 0.538), educational level (p = 0.551), smoking history (p = 0.229), and 
alcohol consumption history (p = 0.553) did not show statistical differences, and the baseline demographic characteristics 
of the two groups were balanced. The details are shown in Table 1.

Clinical Data
In this study, the clinical data of the two groups were compared and analyzed. The results showed no significant 
differences in the prevalence of a history of coronary heart disease (21.7% in the control group versus 12.1% in the 
observation group; p = 0.151), diabetes mellitus (33.3% versus 29.3%, respectively; p = 0.627), and hypertension (78.3% 
versus 72.4%, respectively; p = 0.445), and there was a significant difference in the distribution of the nature of the 
strokes (p = 0.026). p = 0.026). The proportion of hemorrhagic strokes was significantly higher in the observation group 
than in the control group (39.7% versus 18.8%, respectively), whereas infarctive strokes predominated in the control 
group (81.2% versus 60.3%, respectively). The details are shown in Table 2.

Table 1 Demographic Data of Patients with Stroke

Data Control Group  
(N=69)

Observation Group  
(N=58)

p-value

Age (mean ± standard deviation) 60.64±11.255 57.03±13.606 0.100

BMI (mean ± standard deviation) 25.99±3.773 27.14±3.575 0.845
Sex (%) 0.538

Male 44(63.8) 40(69.0)

Female 25(36.2) 18(31.0)
Education level(%) 0.551

Elementary school 14(20.3) 15(25.9)

Middle school 48(69.6) 35(60.3)
University 7(10.1) 8(13.8)

Smoking (%) 0.229

No 43(62.3) 30(51.7)
Yes 26(37.7) 28(48.3)

Drinking (%) 0.553

No 44(63.8) 34(58.6)
Yes 25(36.2) 24(41.4)

Notes: Observation group: cognitive impairment group, Control group: normal cognitive function group, p < 0.05 
indicates significant difference.
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Observations
Degree of neurological damage: the National Institutes of Health Stroke Scale (NIHSS) scores were significantly higher in 
the observation group than in the control group (11.95 ± 5.56 vs 6.41 ± 3.72; p<0.001), and the median comparison [11.50 
(interquartile range 8.00–16.00) vs 6.00 (interquartile range 3.00–10.00)] Inflammatory markers: The NLR values in the 
PSCI patient group (6.019 ± 5.040; median 3.939, IQR 2.352–8.295) were significantly higher than those in the non-PSCI 
patient group (3.896 ± 3.111; median 3.016, IQR 2.194–4.492), with a statistically significant difference (P = 0.012). 
Monocyte-lymphocyte ratio (MLR): The MLR value in the observation group (0.439 ± 0.312; median 0.348, IQR 
0.234–0.500) was higher than that in the control group (0.326 ± 0.144; median 0.277, IQR 0.225–0.399), with the difference 
being at the threshold and not reaching statistical significance (P = 0.066). Uric acid-lymphocyte ratio (ULR): There was no 
significant statistical difference in ULR values between the two groups (P = 0.97). The ULR in the observation group was 
218.59 ± 156.25 (median 165.78, IQR 120.54–301.65), and the control group had a ULR of 202.31 ± 105.68 (median 191.06, 
IQR 118.75–253.54). Detailed data are shown in Table 3, and data distribution is illustrated in Figures 1–4.

Logistic Regression Analysis of the Relationship Between Various Variables and PSCI
Univariate logistic regression analysis showed that lesion location, NLR, MLR, NIHSS, and PSCI were significantly 
associated (all p < 0.05). After adjusting for variables with p < 0.1 in univariate logistic regression analysis, multivariate 
logistic regression analysis revealed that NIHSS (OR = 1.297, 95% CI: 1.167–1.442, p < 0.001) was independently 
associated with PSCI, and NLR (OR = 1.107, 95% CI: 0.995–1.231, p = 0.063) was marginally associated with PSCI. 
Detailed data are presented in Table 4.

Table 2 Clinical Data of Patients with Stroke

Data Control Group  
(N=69)

Observation Group  
(N=58)

p-value

History of coronary heart disease (%) 0.151

No 54(78.3) 51(87.9)

Yes 15(21.7) 7(12.1)
History of diabetes (%) 0.627

No 46(66.7) 41(70.7)

Yes 23(33.3) 17(29.3)
History of hypertension (%) 0.445

No 15(21.7) 16(27.6)
Yes 54(78.3) 40(72.4)

Nature of stroke (%) 0.026

Infarction 56(81.2) 35(60.3)
Bleeding 13(18.8) 23(39.7)

Notes: Observation group: cognitive impairment group, Control group: normal cognitive function group, p < 0.05 
indicates significant difference.

Table 3 Observation Index Data

Data Control Group (N=69) Observation Group (N=58) p-value

(mean±SD) Q1 Mdn Q3 IQR (mean±SD) Q1 Mdn Q3 IQR

NHISS 6.41±3.723 3.00 6.00 10.00 7.00 11.95±5.564 8.00 11.50 16.00 8.00 0.000
NLR 3.896±3.111 2.194 3.016 4.492 2.298 6.019±5.040 2.352 3.939 8.295 5.943 0.012

ULR 202.30±95.68 118.75 191.06 253.54 124.340 218.59±156.25 120.54 165.78 301.65 182.792 0.971

MLR 0.326±0.144 0.225 0.277 0.399 0.174 0.439±0.312 0.234 0.348 0.5 0.266 0.066

Notes: Observation group: cognitive impairment group, Control group: normal cognitive function group, IQR = Q3 - Q1,p < 0.05 indicates significant 
difference.
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ROC Analysis of NIHSS and NLR for Predicting PSCI
ROC analysis was used to assess the diagnostic value of NHISS and NLR for PSCI. The area under the ROC curve 
(AUC) was 0.787 (95% CI: 0.706–0.855), significantly higher than the random prediction level (P < 0.0001). The optimal 
diagnostic cutoff point, determined based on the Youden index, was >12 points, with a sensitivity of 44.83% and 

Figure 1 NIHSS score data distribution map. (Group 1 Control group: Normal cognitive function group, Group 2 Observation Group: Cognitive impairment group, p < 0.05 
indicates significant differences).

Figure 2 NLR data distribution map. (Group 1 Control group: Normal cognitive function group, Group 2 Observation Group: Cognitive impairment group, p < 0.05 
indicates significant differences).
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specificity of 97.10%. The area under the curve (AUC) for NLR was 0.630 (95% CI: 0.540–0.714), significantly higher 
than the random level (P = 0.0107). The optimal diagnostic cutoff value was >6.44, with a sensitivity of 39.66% and 
specificity of 88.41%. See Figures 5 and 6.

Figure 3 ULR data distribution map. (Group 1 Control group: Normal cognitive function group, Group 2 Observation Group: Cognitive impairment group, p < 0.05 
indicates significant differences).

Figure 4 MLR data distribution map. (Group 1 Control group: Normal cognitive function group, Group 2 Observation Group: Cognitive impairment group, p < 0.05 
indicates significant differences).
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Discussion
In this study, through detailed baseline data collection and statistical analysis, it was found that there were no statistically 
significant differences between the experimental group and the control group in terms of key demographic characteristics 

Table 4 Univariate and Multivariate Logistic Regression Analysis

Data Single Factor Analysis Multiple-Factor Analysis

OR(95%Cl) p OR(95% CI) p

Baseline Data

Age 1.004(0.976,1.033) 0.782
BMI 1.035(0.942,1.137) 0.4788

Sex 0.792(0.377,1.663) 0.538

Education level
Elementary school 0.505

Middle school 0.750(0.209,2.691) 0.659

University 0.547(0.174,1.718) 0.301
Smoking 1.171(0.576,2.380) 0.663

Drinking 0.805(0.393,1.649) 0.553

Clinical Data
Coronary heart disease 1.386(0.551,3.483) 0.488

Diabetes 1.206(0.567,2.566) 0.627

Hypertension 1.256(0.553,2.852) 0.586
Nature of disease 0.353(0.159,0.787) 0.011** 0.796(0.305,2.076) 0.641

Observational Index

NIHSS 1.304(1.177,1.445) 0.000** 1.297(1.167,1.442) 0.000
NLR 1.153(1.037,1.283) 0.009** 1.107(0.995,1.231) 0.063

ULR 1.001(0.998,1.004) 0.473

MLR 9.832(1.470,65.750) 0.018** 1.353(0.071,25.875) 0.841

Note: **denotes p < 0.05. 
Abbreviations: NIHSS, National Institutes of Health Stroke Scale; NLR, neutrophil-to-lymphocyte ratio; 
ULR, uric acid to lymphocyte ratio; MLR, mononuclear-to-lymphocyte ratio.

Figure 5 NHISS receiver operating characteristic curve graph.
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and social behavioral factors, including age distribution (mean age and age range), gender ratio (proportion of males and 
females), years of education and educational attainment, smoking history, and drinking history (all p-values were >0.05). 
This excellent baseline comparability provides a critical foundation for the reliability of the study conclusions.

In previous studies, most research has focused on ischemic stroke. However, this study included both ischemic and 
hemorrhagic stroke. Statistical results showed significant differences in stroke type between the two groups. Compared 
with the control group, the proportion of intracerebral hemorrhage was significantly higher in the observation group 
(39.7% in the observation group, control group 18.8%). Single-factor analysis also showed significant differences, but 
this factor was gradually eliminated in subsequent multi-factor regression analysis, indicating that stroke type is not an 
independent risk factor for PSCI. In China, 69.9–79.8% of new strokes are ischemic strokes.8 Due to differences in 
etiology, research on complications associated with hemorrhagic stroke is less extensive than that on ischemic stroke. In 
a prospective cohort study examining the progression of cognitive dysfunction following intracerebral hemorrhage, 
which included imaging characteristics such as hematoma morphology and volume, white matter hyperintensities, and 
large artery stenosis, an independent negative correlation was found between cognitive recovery and hemorrhage in the 
dominant hemisphere. Compared to hemorrhage in the non-dominant hemisphere, hemorrhage in the dominant hemi
sphere was more likely to severely impair the strategic domain, thereby affecting cognitive function.10 This study did not 
include imaging data. Future studies could incorporate patients’ imaging data for subgroup analysis to more clearly 
elucidate the relationship between injury location, extent, and patients’ cognitive decline and long-term recovery.

In this study, there was a significant difference between the two NLR groups (P=0.012<0.05), which is consistent with 
previous studies.3 A prospective cohort study on peripheral immunity and cognitive impairment after acute mild ischemic 
stroke found that elevated NLR levels increase the risk of PSCI, with the most significant effect observed in individuals 
aged 50 to 65 years, and significantly improve the predictive efficacy of PSCI.11 This study also confirmed this finding 
after including patients with hemorrhagic stroke. The NLR has emerged as a new indicator of inflammatory status, 
reflecting an imbalance between neutrophil-mediated systemic pro-inflammatory activity and impaired lymphocyte 
immune regulatory function. This dysregulation of the immune response may be associated with the pathological process 
of PSCI. Neutrophils can release peroxidase and form extracellular traps, thereby causing oxidative damage to brain 
tissue; while stress-induced reduction in lymphocyte numbers may weaken immune surveillance and neural repair 
functions.12,13 Subsequent multivariate analysis revealed that NLR was at the threshold for an independent risk factor. 

Figure 6 NLR receiver operating characteristic curve graph.
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The subsequent ROC curve indicated that NLR had low diagnostic sensitivity but high specificity, making it more 
suitable for screening applications than diagnostic use.

In addition to NLR, this study also included MLR as an observational indicator. MLR has previously been used in 
cardiovascular research and studies on post-stroke depression. A large cross-sectional study using the NHANES database to 
investigate the relationship between MLR and cardiovascular disease found that MLR was positively correlated with 
cardiovascular events. High MLR serves as a marker for increased risk of cardiovascular diseases, including congestive 
heart failure, coronary heart disease, and stroke, reflecting the body’s state in chronic inflammation and immune responses.6 

A meta-analysis on the role of NLR, and MLR in depression in post-stroke depression research also suggested that MLR was 
significantly higher in patients with post-stroke depression than in non-depressed patients, which may be related to 
neuroinflammation.14 Post-stroke inflammatory damage may affect the hippocampus and parahippocampal gyrus.15 This 
further affects cognition. Therefore, this study included MLR for the first time. In the univariate analysis, the odds ratio was 
very high, and the confidence interval (1.47–65.75) was very wide, indicating that the estimate was not accurate enough and 
may have been limited by the sample size. In the future, the sample size can be further expanded, or subgroup analysis can be 
performed to further clarify the predictive value of MLR for PSCI.

ULR is a novel serum biomarker that combines uric acid levels and lymphocyte counts. Previous studies have 
reported that individuals with higher serum uric acid concentrations exhibit milder cognitive decline, and that uric acid 
levels are negatively correlated with the severity of dementia.16 Lymphocytes play a regulatory or protective role in 
adaptive immunity, and lymphocytopenia indicates impaired immune function. Both are related to the body’s inflamma
tory state and immune response. Therefore, ULR can theoretically provide valuable insights into patients’ inflammatory 
states and related health risks.17 A prospective cohort study conducted in China showed that ULR, as a novel 
inflammatory biomarker, is significantly associated with the risk of hemorrhagic stroke in Chinese adults.7 This study 
is the first to use ULR in a predictive study of PSCI. The results showed no statistical difference between the two groups, 
but Figure 3 shows that ULR is more dispersed in the PSCI group. Further research is needed to determine clinically 
significant thresholds and to assess changes in ULR levels over time through multicenter, longitudinal studies.

In this study, the NIHSS demonstrated strong predictive value. The NIHSS is a 15-item functional disability scale used to 
assess stroke severity. It was originally developed in 1989 and is a reliable, valid, and sensitive tool for measuring stroke 
severity, suitable for use in both clinical practice and research. It can be applied to patients with language and cognitive 
impairments and has been widely adopted worldwide.18 NIHSS can predict ischemic volume after ischemic stroke.19 It is also 
linked to cognitive decline.20 In a retrospective study of patients with ischemic stroke, a NIHSS score ≥5 was found to be an 
independent risk factor for cognitive impairment.21 This study included both ischemic and hemorrhagic strokes. The NIHSS 
was a strong predictor (P < 0.05), with a cutoff value of 12 calculated using the ROC curve. This may be related to the 
inclusion of patients with hemorrhagic strokes, who tend to have more severe acute-phase conditions and higher NIHSS 
scores. Future studies may further analyze the cutoff values for different patient subgroups.

Conclusion
Unlike most previous studies, this study included stroke patients with ischemic stroke and hemorrhagic stroke. In 
addition to NLR, MLR and ULR were also introduced for the first time to evaluate PSCI. Patients were divided into PSCI 
and non-PSCI groups based on mini-cog scores. A comparison of baseline data and clinical data between the two groups 
revealed no significant differences in baseline data. In clinical data, the proportion of hemorrhagic patients in the PSCI 
group was significantly higher than that in the non-PSCI group (39.7% vs 18.8%, P=0.026<0.05), indicating significant 
differences between the two groups. However, this difference was excluded in subsequent multivariate analysis, 
suggesting that stroke type is an independent risk factor for non-PSCI. In the observational indicators section, the 
NIHSS score showed significant differences between the two groups, serving as an independent risk factor for PSCI (P = 
0.000 < 0.05), with a ROC curve cutoff value of 12 points, demonstrating extremely high specificity (97.1%). However, 
the NLR had limited predictive efficacy for post-stroke cognitive impairment. MLR showed differences between the two 
groups in univariate analysis (P=0.018) but was excluded in multivariate analysis. Combined with the wide confidence 
interval, further research is needed. ULR did not show obvious differences, but the data distribution plot showed high 
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variability and the presence of extreme data. Future studies could expand the sample size and conduct subgroup analyses 
to determine its predictive value.

This study has certain limitations: it is a retrospective study with a limited sample size, some variables have high data 
variability, and no subgroup analysis was conducted. Future studies could expand the sample size, conduct prospective 
clinical trials, extend the follow-up period, incorporate imaging results to analyze the impact of different lesion locations 
on PSCI, and perform subgroup analyses. Additionally, incorporating the platelet-to-lymphocyte ratio (PLR) and the 
Systemic Immune-Inflammation Index (SII) could further clarify the association between inflammatory markers and 
PSCI, providing guidance for the early identification and treatment of PSCI in clinical practice.
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