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Purpose: To assess the value of combination of white matter hyperintensity (WMH) and neutrophil-to-lymphocyte ratio (NLR) in
predicting short-term prognosis of acute ischemic stroke (AIS) patients.

Patients and Methods: Three hundred and nine AIS patients were included in this prospective observational research. They were
evaluated at 3-month after the onset of AIS using modified Rankin Scale (mRS) score. A mRS score of 0-2 was defined as
a favourable outcome, while an mRS score of 3—6 was defined as an unfavourable outcome. Multivariate analysis was used to
identify the independent associations of WMH and NLR with short-term prognosis of AIS patients, and receiver operating
characteristic (ROC) curves were used to evaluate the predictive values of WMH, NLR and their combination for short-term prognosis
of AIS patients, and Z test was used to compare the area under curve (AUC).

Results: Among 309 AIS patients, 201 (65.0%) had a favorable 3-month outcome, while 108 (35.0%) had an unfavorable outcome.
According to the results of multivariate analysis, WMH, NLR and on-admission NIHSS score were independently associated with
unfavourable outcome of AIS after adjusting for diabetes mellitus, atrial fibrillation, TOAST subtype and LDL-cholesterol. ROC
curves showed that the AUCs of WMH, NLR and their combination for predicting short-term prognosis of AIS patients were 0.760
[standard error (SE): 0.029, 95% confidence interval (CI): 0.703-0.817, P<0.001], 0.717 (SE: 0.030, 95% CI: 0.661-0.774, P<0.001)
and 0.906 (SE: 0.019, 95% CI: 0.868—0.944, P<0.001), respectively. The AUC of combination prediction was significantly higher than
those of individual predictions (0.906 vs 0.760, Z=4.211, P<0.001; 0.906 vs 0.717, Z=5.322, P<0.001).

Conclusion: WMH and NLR were independently associated with short-term prognosis of AIS patients, and the combination of WMH
and NLR could be applied in predicting short-term prognosis of AIS patients, having a high predictive value.
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Introduction
Stroke is a severe brain injury disease, and acute ischemic stroke (AIS) is the most common subtype accounting for about
85% of all subtypes.' Stroke occupies the second leading cause of deaths and disability globally,” and its prevalence and
incidence in China have been escalating over the past decade.> China has the largest amount of stroke patients in the
world, leading to a huge burden on families of patients and a major drain on public health-care funding.* Therefore,
prognosis prediction of AIS is useful and preoccupying to families and society.

White matter hyperintensity (WMH) is a common neuroimaging manifestation involved in the aging process and
reflects the presence of cerebral small-vessel disease.™ It is related to loss of microstructural white matter integrity and
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increased blood—brain barrier permeability,” and can affect the remodeling of the myelin sheath after stroke.®* WMH has
been demonstrated the association with poor functional outcomes after ischemic stroke,” and can be used to predict post-
stroke function and cognition impairment.”-'*!!

Neuroinflammatory responses can aggravate ischemic brain damage and neurological dysfunction, playing a critical
role in the pathophysiology of ischemic stroke.'*'* Neutrophil-to-lymphocyte ratio (NLR), as an inexpensive biomarker
in systematic inflammatory process, has been confirmed to possess diagnostic and prognostic capabilities in many
diseases.'> 7 In AIS patients, NLR is associated with severity of stroke, recurrence of cerebral infarction, short-term
mortality and functional prognosis.'®'® However, the value of WMH combined with NLR in predicting short-term
prognosis of AIS patients has still not been investigated. In this study, combination of the neuroimaging marker (WMH)
and the inflammatory biomarker (NLR) was first applied to predict short-term prognosis of AIS patients. The aim is to
provide a more accurate tool for predicting short-term prognosis of AIS patients.

Patients and Methods

Patients

This study was a prospective observational research, enrolling a consecutive cohort of AIS patients in Nanjing Drum
Tower Hospital Group Sugian Hospital between January 2023 and March 2024. This study was permitted by the Ethical
Committee of Nanjing Drum Tower Hospital Group Suqgian Hospital (SQ2021016045) and conducted strictly according
to the guidelines of the Declaration of Helsinki. Written informed consents were provided by the participants before the
study commencement.

Inclusion criteria included (D) acute, first-ever, ischemic stroke confirmed by brain magnetic resonance imaging (MRI)
scan; (@ age >18 years old; ® admitted within the first 24 h after the onset of symptoms; (4) complete clinical data
including the magnetic resonance images, neutrophil and lymphocyte on admission. Exclusion criteria included (D
transient ischemic attack; @) pre-stroke modified Rankin scale (mRS) score >2; (3 MRI demonstrating conditions
other than cerebral infarction, such as encephalitis, cerebral tumors and hemorrhage; (@) severe kidney or liver
dysfunction, or cardiac impairment, or coexistence of other severe systemic diseases; (5 other autoimmune conditions
or neurodegenerative disorders affecting the nervous systems.

Data Collection

We collected the data of all participants, including demographics (sex, age, weight and height), relevant vascular-based
risk factors (smoking, drinking, coronary heart disease, diabetes mellitus, hypertension, hyperlipidemia and atrial
fibrillation), clinical data on admission (systolic blood pressure, diastolic blood pressure, NIHSS score, heart rate and
random blood glucose), Trial of Org 10172 in acute stroke treatment (TOAST) subtypes, therapeutic methods, laboratory
test parameters [white blood cell count (WBC), neutrophil count, lymphocyte count, HbAlc, monocyte (mmol/L),
fibrinogen (g/L), homocysteine (umol/L), triglyceride (mmol/L), total cholesterol (mmol/L), high-density lipoprotein
(HDL)-cholesterol (mmol/L), low-density lipoprotein (LDL)-cholesterol (mmol/L)], and magnetic resonance images. The
fasting venous blood samples were collected within 24 h after admission, and the magnetic resonance images were
analyzed by two experienced neurologists blinded to clinical characteristics, laboratory test results and functional
outcomes. Fazekas rating scale was used to assess WMH via deep WMH and periventricular WMH (P-WMH) rating
separately. Total Fazekas score, the sum of deep WMH and P-WMH was computed and ranged from 0 to 6.

Outcome Evaluation
All participants were evaluated at 3-month after the onset of AIS using modified Rankin Scale (mRS) score. An mRS
score of 0-2 was defined as a favourable outcome, while an mRS score of 3—6 was defined as an unfavourable outcome.

Statistical Analysis
All statistical analysis was performed using the Statistical Package for the Social Sciences version 22.0 (SPSS Inc.,
USA). The normality of continuous variables was ascertained by Kolmogorov—Smirnov test, and the variables with
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a normal distribution were described with mean =+ standard deviation (SD) and compared for the differences between AIS
patients with favourable and unfavourable outcome via Student’s ¢ test, and the variables with a non-normal distribution
were described with median (M) and interquartile range (/OR) and compared for the intergroup differences via Mann—
Whitney U-test. Categorical variables were described with percentages/ratios (%) and compared for the intergroup
differences via chi-square test. In order to determine the independent associations of WMH and NLR with unfavourable
outcome of AIS, multivariate analysis was then performed for the variables with two-sided P<0.10 in univariate analysis
via binary logistic regression model. Receiver operating characteristic (ROC) curves were used to evaluate the predictive
values of WMH, NLR and their combination for unfavourable outcome of AIS, and Z test was used to compare the area
under curve (AUC). A two-sided P value of <0.05 was used to compute the statistical significance.

Results

General Information

According to the inclusion and exclusion criteria, a total of 322 AIS patients were enrolled during the study period. Thirteen
patients were not evaluated for the 3-month outcome. Finally, 309 AIS patients were included in this analysis. These 309 patients
consisted of 191 males (61.8%) and 118 females (38.2%) with a mean age of 65.67 + 12.05 years and a median admission NIHSS
of 6 (IQR 3-13). Among them, 201 (65.0%) had a favorable 3-month outcome, while 108 (35.0%) had an unfavorable outcome.

Associations of WMH and NLR with Unfavourable Outcome of AlS

In order to determine the independent associations of WMH and NLR with unfavourable outcome of AIS, univariate analysis was
first carried out between AIS patients with favourable and unfavourable outcome. As shown in Table 1, WMH, NLR, diabetes
mellitus, atrial fibrillation, TOAST subtype and on-admission NIHSS score were statistically different (P < 0.05), while the
remaining variables were not statistically different (P > 0.05). However, the P value of LDL-cholesterol was <0.10.
Multivariate analysis was then performed for WMH, NLR, diabetes mellitus, atrial fibrillation, TOAST subtype, on-
admission NIHSS score and LDL-cholesterol via binary logistic regression model. As shown in Table 2, WMH, NLR and

Table | Results of Univariate Analysis Between AIS Patients with Favorable and Unfavorable Outcome at 3-Month After the Onset of
Symptoms

AIS Favorable Unfavorable At P
Patients (309) Outcome (201) Outcome (108)
Demographics, mean+SD/n (%)
Age(years) 65.67+12.05 66.04+12.38 64.98+11.44 0.754 0.462
Male 191(61.8%) 120(59.7%) 71(65.7%) 1.085 0.297
BMI (Kg/m?) 24.52+2.99 24.37+2.86 24.80+3.23 —-1.160 0.262
Vascular-based risk factors, n (%)
Smoking 93(30.1%) 56(27.9%) 37(34.3%) 1.367 0.242
Drinking 61(19.7%) 34(16.9%) 27(25.0%) 0.307 0.579
Coronary heart disease 40(12.9%) 22(10.9%) 18(16.7%) 2.041 0.153
Diabetes mellitus 68(22.0%) 37(%) 31(%) 4339 0.037
Hypertension 192(62.1%) 120(59.7%) 72(66.7%) 1.449 0.229
Hyperlipidemia 22(7.1%) 11(5.5%) 11(10.2%) 2.359 0.125
Atrial fibrillation 31(10.0%) 15(7.5%) 16(14.8%) 4.207 0.040
Clinical data, mean+SD/M(IQR)
SBP (mmHg) 155.42+17.38 154.43£16.97 157.26+18.14 -1.337 0.186
DBP (mmHg) 87.36%14.19 86.95+13.98 88.12+£14.59 —0.682 0.497
On-admission NIHSS score 12.38+5.49 11.57+5.30 13.89+5.84 —3.437 | <0.001
On-admission mRS score 1(0-2) 1(0-2) 4(3-5) —21.854 | <0.001
Heart rate (/min) 80.21£15.94 81.02+16.03 78.70£15.77 1.226 0.230
(Continued)
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Table | (Continued).

AIS Favorable Unfavorable 2t P

Patients (309) Outcome (201) Outcome (108)
Random blood glucose (mmol/L) 8.45+4.57 8.69+4.76 8.00+4.22 1.310 0.193
WMH (Fazekas score) 2.10+0.46 1.84+0.41 2.59+0.57 —12.096 | <0.001
TOAST subtypes, n (%)
LAA 107(34.6%) 61(30.3%) 46(42.6%) 4.653 0.031
CE 67(21.7%) 46(22.9%) 21(19.4%) 0.490 0.484
SAO 78(25.2%) 53(26.4%) 25(23.1%) 0.386 0.534
SOE 22(7.1%) 12(6.0%) 10(9.3%) 1.149 0.284
SUE 35(11.3%) 21(10.4%) 14(13.0%) 0.442 0.506
Therapeutic methods, n (%)
Intravenous thrombolysis 24(7.8%) 16(8.0%) 8(7.4%) 0.030 0.863
Endovascular therapy 21(6.8%) 13(6.5%) 8(7.4%) 0.098 0.754
Antiplatelet drugs 237(76.7%) 155(77.1%) 82(75.9%) 0.056 0.814
Anticoagulant drugs 83(26.9%) 51(25.4%) 32(29.6%) 0.648 0.421
Antihypertensive drugs 213(68.9%) 140(69.7%) 73(67.6%) 0.139 0.709
Statins 245(79.3%) 157(78.1%) 88(81.5%) 0.486 0.486
Laboratory test parameters, mean+SD/M(IQR)
WBC (10°/mL) 6.85(5.52-8.18) 6.68(5.26-8.10) 7.03(5.76-8.24) -1.079 0.243
Neutrophil (10%/mL) 4.7025(3.3998-6.0058) 4.492(3.123-5.883) 4.913(3.701-6.137) | —1.538 0.112
Lymphocyte (10°/mL) 1.348(0.989—-1.951) 1.363(1.019-1.860) 1.332(0.732-1.762) 0.746 0.539
HbAIlc 6.876+1.3666 6.803£1.9127 7.011+2.1009 —0.856 0411
Monocyte (mmol/L) 0.40(0.31-0.52) 0.43(0.33-0.56) 0.38(0.29-0.49) 0.894 0.366
Fibrinogen (g/L) 2.503(2.113-3.102) 2.468(2.096-2.965) 2.527(2.127-3.191) | —1.512 0.128
Homocysteine (umol/L) 11.45+2.30 11.34+2.27 11.65+2.36 —-1.116 0.284
Triglyceride (mmol/L) 1.40+0.67 1.38+0.65 1.43+0.71 —0.608 0.550
Total cholesterol (mmol/L) 441+1.44 4.36%1.42 4.50+1.48 —0.804 0.437
HDL-cholesterol (mmol/L, mean+SD) 1.22+0.57 1.24+0.59 1.18+0.52 0.922 0.379
LDL-cholesterol (mmol/L, mean+SD) 2.58%1.20 2.49%1.18 2.74+1.23 1.728 0.088
NLR 3.274(1.579-5.103) 3.209(1.268-4.547) 3.516(1.908-5.719) | —2.395 0.017
LMR 3.536(2.179-4.485) 3.492(2.049-4.358)2.315 | 3.849(2.561-4.923) 0.806 0.483

Abbreviations: AlS, Acute ischemic stroke; BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; mRS, modified Rankin Scale; NIHSS,
National Institute of Health Stroke Scale; WMH, White matter hyperintensity; TOAST, Trial of Org 10172 in acute stroke treatment; LAA, Large artery atherosclerosis; CE,
Cardioembolism; SAO, Small-artery occlusion; SOE, Stroke of other determined etiology; SUE, Stroke of undetermined etiology; WBC, White blood cell count; HDL-
cholesterol, High-density lipoprotein-cholesterol; LDL-cholesterol, Low-density lipoprotein-cholesterol; NLR, Neutrophil to lymphocyte ratio; LMR, Lymphocyte to
monocyte ratio; SD, Standard deviation; M, Median; IQR, Interquartile range.

Table 2 Results of Multivariate Analysis Results Between AlS Patients with Favorable
and Unfavorable Outcome at 3-Month After the Onset of Symptoms

p SE Wald y* | OR 95% CI P
WMH 1.092 | 0.271 | 5.973 2.728 | 1.405-4.926 | <0.001
On-admission NIHSS score | 0.839 | 0.245 | 3.188 1.673 | 1.107-3.447 | 0.003
NLR 0.637 | 0.189 | 2.716 2.124 | 1.213-4.725 | 0.015
Diabetes mellitus 0.483 | 0.174 | 1.729 1.835 | 0.698-3.289 | 0.120
Atrial fibrillation 0.416 | 0.152 | 1.427 1.608 | 0.583-3.190 | 0.211
TOAST subtype 0.395 | 0.131 | 1.218 1.539 | 0.562-3.128 | 0.286
LDL-cholesterol 0382 | 0.110 | I.1I5 1.732 | 0.551-2.917 | 0.302

Abbreviations: AlS, Acute ischemic stroke; WMH, White matter hyperintensity; NIHSS, National Institute
of Health Stroke Scale; NLR, Neutrophil to lymphocyte ratio; TOAST, Trial of Org 10172 in acute stroke
treatment; LDL-cholesterol, Low-density lipoprotein-cholesterol; 5, Regression coefficient; SE, Standard
error; OR, Odds ratio; Cl, Confidence interval.
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Figure | ROC curves for WMH, NLR and their combination in predicting short-term prognosis of AIS patients.

admission NIHSS score were independently associated with unfavourable outcome of AIS after adjusting for diabetes
mellitus, atrial fibrillation, TOAST subtype and LDL-cholesterol.

Predictive Values

ROC curves (Figure 1) showed that the AUCs of WMH and NLR for predicting short-term prognosis of AIS patients
were 0.760 [standard error (SE): 0.029, 95% confidence interval (CI): 0.703-0.817, P<0.001] and 0.717 (SE: 0.030, 95%
CI: 0.661-0.774, P<0.001), respectively. In order to elevate the predictive value, a combination of WMH and NLR was
employed. The result (Figure 1) showed that the AUC of combination prediction was 0.906 (SE: 0.019, 95% CI: 0.868—
0.944, P < 0.001), significantly higher than those of individual predictions (0.906 vs 0.760, Z=4.211, P < 0.001; 0.906 vs
0.717, Z=5.322, P < 0.001).

Discussion

The mechanisms of the adverse impact of WMH on the prognosis of AIS patients remain poorly understood. First, WMH
is related to integrity impairment of microstructural white matter and the blood—brain barrier (BBB),” and integrity
impairment of the BBB increases its permeability, frequently leading to blood extravasation. Second, WMH can affect
the remodeling of the myelin sheath after stroke.® Third, cerebrovascular reactivity and cerebral blood flow are decreased
in WMH regions.?® Fourth, WMH is confirmed to be a risk factor for cerebral infarction, and its severity may be
correlated with the progression and increase in infarct volume.’ Finally, WMH is involved in the progression from
normal to mild cognitive impairment and is independently associated with dementia.''~!

Griessenauer et al reported that the WMH burden had an adverse effect on 3-month functional outcome in patients
with large vessel occlusion (LVO) stroke or non-LVO stroke;** and Derraz et al further reported that the WMH burden
was related to poor 3-month functional outcome in LVO stroke patients undergoing endovascular thrombectomy, but it
was not related to the occurrence of symptomatic intracranial hemorrhage or 90-day mortality.®> Zhu et al reported that
the higher WMH burden was related to increased risk of major disability or death at 14 days or hospital discharge and 3
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months in AIS patients.** Park et al found that higher WMH burden was related to increased risk of recurrent stroke and
a composite of stroke/myocardial infarction/vascular death during a 2-year follow-up in Asian patients with ischemic
stroke,” and Ryu et al also found a significant association between higher WMH burden and recurrent stroke through
a l-year follow-up in ischemic stroke patients.® In addition, Molad et al found that higher WMH burden was correlated
with poor cognitive performance after stroke.”” Our study confirmed the independent association of the WMH burden
with poor short-term prognosis of AIS patients and moreover demonstrated its moderate predictive value.

In AIS, post-ischemic inflammation was resulted from activation of intravascular leukocytes, stagnant blood flow, and
release of pro-inflammatory mediators from brain parenchyma, platelet granules and ischemic endothelium.'? Activated
neuroinflammatory responses can aggravate ischemic brain damage and neurological dysfunction.'> ' Neutrophils have
been shown to be able to aggravate oxidative stress, release pro-inflammatory mediators and increase the permeability of
the BBB, thus leading to the aggravation of brain damage.”®*’ The lymphocyte count is an indicator for general health
and is affected by acute physiologic stress. Studies have confirmed its active involvement in a protective mechanism in
the ischemic brain.>*?' Its decrease is correlated with the deterioration of immunological function and the early
neuroinflammation, therefore resulting in poor clinical outcomes.*

NLR reflects the balance between neutrophils and lymphocytes in the peripheral blood, and its increase has been
demonstrated to be involved in multiple atherosclerotic events including ischemic stroke, peripheral arterial occlusive
disease, coronary artery disease and so on.>* > Especially, NLR is associated with severity of stroke, recurrence of
cerebral infarction, short-term mortality and functional prognosis in AIS patients, demonstrating the potential of serving
as a prognostic predictor.'®!'” Chen et al reported that NLR was independently associated with 3-month functional
outcomes in AIS patients, possessing moderate predictive value with an AUC of 0.776.%° Xu et al found that NLR was an
independent prognostic indicator for stroke progression and a poor 3-month functional status.*’ Ying et al showed that
increased NLR at admission was independently correlated with the initial stroke severity and poor 14-day prognosis in
AIS patients with intracranial atherosclerotic stenosis.>® Wu et al reported that NLR and its dynamic changes were related
to 3-month outcome and mortality in AIS patients receiving intravenous thrombolysis with good predictive values.>® Lee
et al demonstrated that increased NLR was correlated with failed reperfusion in AIS patients undergoing endovascular
treatment.*® Gong et al showed that NLR was related to post-thrombolysis early neurological improvement and early
neurological deterioration in AIS patients receiving intravenous thrombolysis.*' Our study showed that NLR was
independently associated with poor short-term prognosis in AIS patients, but its predictive value was relatively low.

In order to elevate the predictive value for short-term prognosis of AIS patients, a combination of WMH and NLR
was employed in this study. The result showed that the AUC of combination prediction was significantly higher than
those of individual predictions, reaching more than 0.900. Therefore, the combination of WMH and NLR could be
applied in predicting short-term prognosis of AIS patients, having a high predictive value.

Conclusion
WMH and NLR were independently associated with short-term prognosis of AIS patients, and the combination of WMH
and NLR could be applied in predicting short-term prognosis of AIS patients, having a high predictive value.
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