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Background and Purpose: While our previous cross-sectional study linked the lymphocyte-to-monocyte ratio (LMR) to sympto
matic ICAS and plaque inflammation, its prospective value for predicting stroke recurrence remained unexplored. This study aimed to 
validate the association between LMR and plaque instability in a larger cohort and, critically, to determine whether baseline LMR 
predicts future ischemic events.
Methods: We prospectively enrolled adult patients with radiologically confirmed ICAS from April 2018 to July 2024 at our tertiary 
cerebrovascular center. Comprehensive datasets, including clinical characteristics, laboratory markers (LMR and full inflammatory 
profiles), and neuroimaging features, were systematically collected and analyzed. Hematologic markers were compared between 
patients with ICAS with and without plaque enhancement and between those with and without symptoms. Receiver operating 
characteristic analysis was used to assess the discriminative value of LMR for plaque instability and determine optimal cutoff points. 
A follow-up was conducted to record stroke recurrence and evaluate the predictive role of baseline LMR.
Results: We included 132 patients with confirmed ICAS. LMR emerged as an independent predictor of both plaque enhancement and 
symptomatic ICAS. An LMR cutoff of 4.0 effectively distinguished symptomatic from asymptomatic plaques. In 120 patients with 
ICAS with follow-up data, those with LMR of ≤ 4.0 had significantly higher recurrence (32.1% vs 15.6%, P = 0.026) and shorter 
median recurrence time (P = 0.049) than those with an LMR of > 4.0. Kaplan–Meier analysis showed a significantly lower recurrence- 
free survival rate in the LMR ≤ 4.0 group than in the LMR > 4.0 group (P = 0.011).
Conclusion: A low LMR is associated with plaque instability in ICAS, and an LMR ≤ 4.0 may serve as a practical and accessible 
hematologic marker that could help identify patients at increased short-term risk of stroke recurrence.
Keywords: intracranial atherosclerotic stenosis, lymphocyte-to-monocyte ratio, plaque enhancement, plaque instability, follow up, 
recurrence

Introduction
Intracranial atherosclerotic stenosis (ICAS) is a predominant etiology of ischemic stroke, particularly in China where it 
accounts for nearly half of all cases.1–3 Neurovascular inflammation is now recognized as a central driver of this disease, 
promoting plaque destabilization and ultimately precipitating clinical events.4,5 While high-resolution vessel wall 
imaging (HR-VWI) can directly visualize these unstable, inflamed plaques through gadolinium enhancement—a hall
mark of macrophage infiltration and neovascularization6–9—its clinical utility in routine practice is hampered by limited 
accessibility and high cost.
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This diagnostic gap underscores an urgent need for readily available and inexpensive biomarkers. In this context, 
circulating inflammatory indices derived from routine complete blood counts, such as the lymphocyte-to-monocyte ratio 
(LMR), offer a promising alternative.10–13 These standardized, low-cost metrics provide a unique window into the 
systemic inflammatory state.

Building on our preliminary findings in a cohort of 86 patients, which linked an LMR ≤ 4.0 to symptomatic ICAS and 
plaque enhancement on HR-VWI,14 the present study seeks to rigorously validate these associations in a larger sample. 
Furthermore, we aim to extend these findings by investigating the critical, yet unconfirmed, prognostic utility of a baseline 
LMR ≤ 4.0 in predicting future ischemic events. We hypothesize that this easily measurable ratio, reflecting a underlying 
systemic immunoinflammatory imbalance, serves as a surrogate for local plaque instability and a robust predictor of 
clinical recurrence.

Materials and Methods
Study Population and Data Collection
We identified 186 consecutive patients with ICAS from our institutional database between April 2018 and July 2024. The 
inclusion criteria were radiographic confirmation of ICAS by either magnetic resonance angiography (MRA) or digital 
subtraction angiography (DSA). All enrolled patients subsequently underwent HR-VWI as a part of the standardized 
protocol. We systematically collected comprehensive clinical data, including demographic characteristics (such as age 
and sex), vascular risk factors (such as hypertension and diabetes mellitus), and lifestyle factors (such as current smoking 
status and alcohol-consumption patterns).

The participants were required to meet all of the following conditions: (1) age ≥18 years; (2) high-quality HR-VWI 
images without significant artifacts; (3) radiologically confirmed ICAS by either DSA or MRA. The patients were 
excluded based on the following considerations: (1) vascular abnormalities: significant extracranial stenosis (>50%) of 
internal carotid or vertebral arteries; non-atherosclerotic vasculopathies (eg, intracranial arteritis, arterial dissections, 
moyamoya disease); (2) cardiovascular comorbidities: coronary artery disease and other significant cardiac pathologies; 
(3) neurological history: as a previous acute ischemic stroke, intracranial arterial occlusion, or intracerebral hemorrhage; 
(4) systemic conditions: active or chronic infections, malignancies, autoimmune disorders, hematologic diseases, severe 
systemic illnesses, or renal dysfunction (eGFR <60 mL/min/1.73 m2); (5) Procedural factors: major surgery within the 
preceding 6 months and incomplete imaging or laboratory data.

Laboratory Measurements
Blood samples were collected via venipuncture within 24 h of hospital admission and processed using standardized 
protocols. Hematological analysis was performed on the Sysmex XN-9000 automated hematology analyzer (Kobe, 
Japan). The measured parameters included complete blood count (white blood cells, neutrophils, lymphocytes, mono
cytes, platelets) and derived inflammatory indices, calculated as follows:

NLR = neutrophil count/lymphocyte count, LMR = lymphocyte count/monocyte count, SII = platelet count × 
neutrophil count/lymphocyte count. Biochemical analysis was conducted using the Vitros 5,1 FS Clinical Chemistry 
System (Ortho Clinical Diagnostics). The quantified metabolic markers included lipid profile (total cholesterol, trigly
cerides, HDL, LDL), apolipoprotein E, and high-sensitivity C-reactive protein (hsCRP).

Imaging Protocol and Analysis
All enrolled patients with ICAS underwent standardized gadolinium-enhanced HR-VWI at baseline using a 3.0 Tesla 
MRI system. The detailed scanning parameters of VWI are provided in the Supplementary Material 1. Scanning 
parameters of HR-VWI. DSA was performed on the Philips Allura Xper FD20 machine with a nonionic contrast 
agent. Raw data were transferred to syngo X Workplace for 3D rotational reconstruction and optimal working angle 
determination. The degree of stenosis was based on the following formula: [1- (Dstenosis/Dnormal)] × 100%.15

ICAS plaques were radiologically defined by demonstrating focal vessel wall thickening, with consistent visualization on 
both non-contrast and post-contrast enhanced HR-VWI sequences.16 Plaque enhancement was strictly defined as a visible 
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signal intensity increase on the T1 sequences after 5 min of gadolinium administration (0.1 mmol/kg). Plaque burden was 
quantified at the site of maximal stenosis using the following standardized formula: Plaque burden (%) = [1 - (lumen area/ 
vessel area)] × 100%.17,18

Diffusion-weighted imaging and FLAIR sequences were utilized to precisely localize acute/subacute infarcts. 
A plaque was considered symptomatic if it was the only lesion within the ipsilateral territory of the ischemic stroke or 
it was the most stenotic plaque among multiple plaques within the same territory of an ischemic event, and a transient 
ischemic attack was not regarded as symptomatic. A plaque was defined as asymptomatic if it was not within the vascular 
distribution of stroke.19,20

Follow-up Protocol
We implemented a standardized prospective follow-up protocol with scheduled assessments at 3, 6, and 12 months after 
discharge, followed by annual evaluations thereafter. Follow-up procedures were conducted through either structured 
telephone interviews or in-person clinical visits during hospital readmissions. Following the acquisition of informed 
consent from participants or their legal guardians, comprehensive follow-up assessments were performed, including the 
following: (1) stroke event surveillance: documentation of any new or recurrent ischemic stroke events; precise recording 
of the symptom onset dates. (2) Treatment adherence monitoring:

Verification of continuous standard medication use (antiplatelet agents and lipid-lowering therapy). (3) Functional 
status evaluation: Assessment of self-care capacity and formal modified Rankin Scale (mRS) scoring. For patients 
readmitted with recurrent stroke, complete laboratory data were systematically collected.

Ischemic stroke recurrence was rigorously defined as either: worsening of pre-existing neurological deficits or the 
emergence of new stroke-related symptoms (including but not limited to dysarthria, limb weakness, or visual distur
bances), or stroke-related mortality. Patients meeting any predefined exclusion criteria during the follow-up were 
systematically withdrawn from subsequent analyses so as to maintain cohort integrity.

Statistical Analysis
Continuous variables are presented as the mean ±standard deviation or medians (min-max), which were compared using 
Student’s t-test or the Mann–Whitney U-test. Categorical variables were expressed as the number of cases and 
percentages and compared using Fisher’s exact or chi-square test.

Univariate analyses of clinical, laboratory, and imaging data of ICAS patients without and with plaque enhancement, and then 
between symptomatic ICAS and asymptomatic ICAS, were performed to identify factors associated with plaque enhancement 
and symptomatic plaques. Factors independently associated with ICAS plaque enhancement and symptomatic plaques were 
determined by forward multivariate logistic regression analyses after adjusting for variables with P < 0.05 in the univariate 
comparisons. Furthermore, receiver operating characteristic analysis was performed to determine the optimal cutoff value of the 
LMR to differentiate symptomatic plaques from asymptomatic plaques. A prospective follow-up analysis was conducted to 
monitor ischemic stroke recurrence rates and assess LMR’s predictive value for clinical outcomes. SPSS 23.0 software (SPSS 
Inc., Chicago, Illinois) was used for the statistical analysis of the data. Two-tailed P < 0.05 was considered to indicate statistical 
significance.

Results
Patient Characteristics
This study included 132 patients with ICAS [mean age: 59.9 ±10.4 years; 77 (58.3%) males and 55 females (41.7%)]. All 
participants underwent both HR-VWI and diffusion-weighted imaging scans. Of the plaques assessed, 88 showed 
enhancement and 44 did not; 81 patients had symptomatic ICAS, while 51 were asymptomatic. Follow-up data were 
obtained for 120 patients, while 12 were lost to follow-up. The median follow-up duration was 22 months (interquartile 
range: 14–53 months). Detailed baseline characteristics are presented in Tables 1 and 2.
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Table 1 Characteristics of ICAS Atherosclerotic Plaques Without and with Enhancement

Total (n=132) Enhancement (n=88) Nonenhancement (N=44) P value

Age 59.89 ±10.40 59.97 ±9.29 59.73 ±12.45 0.902
Sex (male) 77 (58.3%) 52 (59.1%) 25 (56.8%) 0.803

Hypertension 101 (76.5%) 70 (79.5%) 31 (70.5%) 0.245

Diabetes 56 (42.4%) 38 (43.2%) 18 (40.9%) 0.803
Smoking 42 (31.8%) 31 (35.2%) 11 (25.0%) 0.234

Drinking 24 (18.2%) 16 (18.2%) 8 (18.2%) 1.000

Degree of stenosis < 0.001
70–99% 61 (46.2%) 52 (59.1%) 9 (20.5%)

50–69% 43 (32.6%) 24 (27.3%) 19 (43.2%)
<50% 28 (21.2%) 12 (13.6%) 16 (36.4%)

Stenosis site 0.561

Anterior circulation 101 (76.5%) 66 (75.0%) 35 (79.5%)
Posterior circulation 31 (23.5%) 22 (25.0%) 9 (20.5%)

WBC (×109/L) 6.99 (6.02–8.64) 7.11 (6.16–9.19) 6.58 (5.68–8.34) 0.106

Lymphocyte (×109/L) 2.00 (1.54–2.36) 1.89 (1.40–1.33) 2.15 (1.62–2.65) 0.104
Neutrophil (×109/L) 4.21 (3.38–5.56) 4.64 (3.56–5.89) 3.73 (3.13–4.73) 0.015

Monocyte (×109/L) 0.53 (0.42–0.66) 0.54 (0.44–0.74) 0.47 (0.36–0.62) 0.014

Platelet (×109/L) 257.75 ±72.65 258.77 ±76.25 255.70 ±65.64 0.820
Cholesterol (mmol/L) 4.46 (3.50–5.44) 4.30 (3.44–5.26) 4.63 (3.94–5.88) 0.135

HDL (mmol/L) 1.08 (0.93–1.25) 1.06 (0.91–1.22) 1.13 (1.00–1.28) 0.086

LDL (mmol/L) 2.97 ±1.03 2.88 ±0.98 3.15 ±1.10 0.158
Apolipoprotein E (mg/L) 39.48 ±12.70 38.19 ±10.69 42.00 ±15.77 0.106

hsCRP (mmol/L) 1.98 (0.72–5.70) 2.10 (0.71–6.27) 1.43 (0.78–4.73) 0.354

NLR 2.20 (1.62–3.11) 2.44 (1.73–3.35) 1.71 (1.52–2.70) 0.004
LMR 3.86 ±1.62 3.50 ±1.45 4.58 ±1.70 < 0.001

SII 526.84 (391.59–936.94) 603.72 (427.03–1005.97) 473.43 (346.16–637.86) 0.027

Plaque burden 0.81 (0.70–0.86) 0.82 (0.73–0.88) 0.74 (0.59–0.82) < 0.001

Abbreviations: ICAS, intracranial atherosclerotic stenosis; HDL, high-density lipoprotein; LDL, low-density lipoprotein; hsCRP, high-sensitivity 
C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; SII, systemic immune-inflammation index.

Table 2 Characteristics of ICAS Plaques Without and with Symptoms

Total (n=132) Symptomatic 
Stenosis (n=81)

Asymptomatic 
Stenosis (n=51)

P value

Age 59.89 ±10.40 59.93 ±10.20 59.82 ±10.82 0.956

Sex (male) 77 (58.3%) 52 (64.2%) 25 (49.0%) 0.085

Hypertension 101 (76.5%) 67 (82.7%) 34 (66.7%) 0.034
Diabetes 56 (42.4%) 38 (46.9%) 18 (35.3%) 0.188

Smoking 42 (31.8%) 29 (35.8%) 13 (25.5%) 0.216

Drinking 24 (18.2%) 16 (19.8%) 8 (15.7%) 0.555
Degree of stenosis 0.027

70–99% 61 (46.2%) 44 (54.3%) 17 (33.3%)

50–69% 43 (32.6%) 25 (30.9%) 18 (35.3%)
< 50% 28 (21.2%) 12 (14.8%) 16 (31.4%)

Stenosis site 0.666

Anterior circulation 101 (76.5%) 63 (77.8%) 38 (74.5%)
Posterior circulation 31 (23.5%) 18 (22.2%) 13 (25.5%)

WBC (×109/L) 6.99 (6.02–8.64) 7.15 (6.16–9.15) 6.80 (5.67–8.27) 0.169

Lymphocyte (×109/L) 2.00 (1.54–2.36) 1.96 (1.38–2.30) 2.14 (1.60–2.41) 0.180

(Continued)
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LMR as an Independent Predictor of Plaque Enhancement and Symptomatic ICAS
Plaque enhancement was significantly associated with greater stenosis severity, increased plaque burden, and elevated 
levels of NLR and SII (Table 1). Symptomatic ICAS was more frequent in patients with hypertension, higher plaque 
enhancement rates, more severe stenosis, and elevated high-sensitivity C-reactive protein and NLR levels (Table 2). 
Multivariate logistic regression analysis identified LMR as an independent risk factor for both symptomatic ICAS (odds 
ratio: 0.718; 95% confidence interval: 0.546–0.944; P = 0.018) (Table 3) and plaque enhancement (odds ratio: 0.703; 
95% confidence interval: 0.539–0.918; P = 0.010) (Supplementary Table 1).

Prognostic Utility of LMR ≤ 4.0 for Plaque Instability
The receiver operating characteristic curve revealed that an LMR cutoff of 4.0 distinguished symptomatic from 
asymptomatic ICAS, with a sensitivity of 72.8%, a specificity of 60.8%, and an area under the curve of 0.698 (P = 
0.001) (Figure 1). Among the 120 patients with complete follow-up, those with an LMR of ≤4.0, an independent 
predictor of stroke recurrence (Supplementary Table 2), experienced significantly higher stroke recurrence (32.1% vs 
15.6%, P = 0.026) and a shorter median recurrence interval (P = 0.049) than those with an LMR of >4.0 (Table 4). In 
addition, positive correlation between baseline LMR and HDL was showed (Supplementary Table 3). The sensitivity and 
specificity of baseline LMR of ≤ 4.0 for identifying symptomatic ICAS were 74.6% and 57.1%, respectively. For 

Table 2 (Continued). 

Total (n=132) Symptomatic 
Stenosis (n=81)

Asymptomatic 
Stenosis (n=51)

P value

Neutrophil (×109/L) 4.21 (3.38–5.56) 4.74 (3.58–5.83) 3.74 (3.17–4.95) 0.031
Monocyte (×109/L) 0.53 (0.42–0.66) 0.54 (0.44–0.75) 0.48 (0.37–0.59) 0.015

Platelet (×109/L) 257.75 ±72.65 255.82 ±76.80 260.82 ±66.14 0.701

Cholesterol (mmol/L) 4.46 (3.50–5.44) 4.45 (3.47–5.56) 4.49 (3.55–5.43) 0.828
HDL (mmol/L) 1.08 (0.93–1.25) 1.03 (0.90–1.20) 1.13 (1.02–1.30) 0.007

LDL (mmol/L) 2.97 ±1.03 2.99 ±1.00 2.96 ±1.08 0.874

Apolipoprotein E (mg/L) 39.48 ±12.70 38.71 ±10.85 40.66 ±15.18 0.395
hsCRP (mmol/L) 1.98 (0.72–5.70) 2.42 (0.98–7.40) 1.32 (0.62–3.02) 0.020

NLR 2.20 (1.62–3.11) 2.44 (1.70–3.34) 1.83 (1.59–2.60) 0.017

LMR 3.86 ±1.62 3.43 ±1.37 4.54 ±1.75 < 0.001
SII 526.84 (391.59–936.94) 630.13 (419.21–1002.06) 497.36 (384.79–652.80) 0.099

Plaque enhancement 88 (66.7%) 67 (82.7%) 21 (41.2%) < 0.001
Plaque burden 0.81 (0.70–0.86) 0.81 (0.71–0.86) 0.77 (0.67–0.86) 0.489

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; NLR, neutrophil-to- 
lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; SII, systemic immune-inflammation index.

Table 3 Forward Multiple Logistic Regression Analysis of Symptomatic 
ICAS

Variable Odds Ratio 95%Confidence Interval P value

LMR 0.718 0.546–0.944 0.018

Plaque enhancement 5.044 2.128–11.957 < 0.001

Abbreviations: ICAS, intracranial atherosclerotic stenosis; LMR, lymphocyte-to-monocyte 
ratio.
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predicting recurrent stroke during follow-up, the sensitivity and specificity were 26.8% and 89.8%, respectively 
(Supplementary Table 4). Kaplan–Meier survival analysis (Figure 2) demonstrated significantly reduced recurrence- 
free survival in the LMR ≤ 4.0 group compared with the LMR > 4.0 group (P = 0.011).

Figure 1 ROC curve for determining the presence of symptomatic stenosis. The AUC of LMR was 0.698 (95% CI: 0.604–0.793, P < 0.001). The sensitivity was 72.8%, and 
the specificity was 60.8%.

Table 4 Characteristics of ICAS Patients with LMR ≤ 4.0 and LMR > 4.0

Total (n=120) LMR ≤ 4.0 (n=71) LMR > 4.0 (n=49) P value

Age 59.50 ±10.65 61.45 ±10.36 56.67 ±10.54 0.015
Sex (male) 70 (58.3%) 46 (64.8%) 24 (49.0%) 0.084

Hypertension 90 (75.0%) 56 (78.9%) 34 (69.4%) 0.238
Diabetes 48 (40.0%) 31 (43.7%) 17 (34.7%) 0.324

Smoking 41 (34.2%) 24 (33.8%) 17 (34.7%) 0.919

Drinking 22 (18.3%) 13 (18.3%) 9 (18.4%) 0.994
Degree of stenosis 0.051

70–99% 56 (46.7%) 37 (52.1%) 19 (38.8%)

50–69% 40 (33.3%) 25 (35.2%) 15 (30.6%)
<50% 24 (20.0%) 9 (12.7%) 15 (30.6%)

Stenosis site 0.715

Anterior circulation 91 (75.8%) 53 (74.6%) 38 (77.6%)
Posterior circulation 29 (24.2%) 18 (25.4%) 11 (22.4%)

Symptomatic Stenosis 74 (61.7%) 53 (74.6%) 21 (55.1%) < 0.001

Plaque enhancement 80 (66.7%) 53 (74.6%) 27 (55.1%) 0.026
Plaque burden 0.81 (0.70–0.87) 0.82 (0.71–0.88) 0.76 (0.67–0.86) 0.079

mRS at discharge 1 (0–1) 1 (0–2) 1 (0–1) 0.040

Follow-up mRS 0 (0–1) 1 (0–2) 0 (0–1) 0.013
Sustained medication 79 (65.8%) 51 (71.8%) 28 (57.1%) 0.095

Recurrent Ischemic Stroke, n (%) 24 (20.0%) 19 (26.8%) 5 (10.2%) 0.026

Follow-up time (mth) 22.00 (14.00–53.75) 17.50 (12.75–46.25) 41.00 (17.50–65.50) < 0.001
Recurrent stroke interval (mth) 5.50 (4.00–15.75) 5.00 (3.00–13.00) 18.0 (8.00–29.00) 0.049

Abbreviations: ICAS, intracranial atherosclerotic stenosis; LMR, lymphocyte-to-monocyte ratio; mRS, modified Rankin Scale.
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Discussion
For the first time, our longitudinal data confirm that baseline LMR, a convenient indicator of systemic immune- 
inflammatory balance, independently predicts stroke recurrence in ICAS patients. This discovery provides a novel 
clinical evidence for targeting neurovascular inflammation in secondary stroke prevention.

Following the expansion of the sample size, our analysis confirmed that low LMR consistently retained its 
independent predictive value for both plaque enhancement and symptomatic patients with ICAS. In addition, baseline 
LMR was negatively correlated with plaque burden and the degree of stenosis. A low LMR, characterized by 
lymphopenia and monocytosis, signifies a pro-inflammatory state. In this state, increased monocytes infiltrate the 
vascular wall and differentiate into macrophages, driving local inflammation, while concurrent lymphocytopenia— 
particularly the loss of regulatory T cells—compromises anti-inflammatory responses and immune stability. The observed 
correlation between low LMR and plaque enhancement serves as a validating link, strongly supporting the notion that 
peripheral immune cell ratios can faithfully reflect the local inflammatory activity of intracranial plaques. Notably, the 
optimal cutoff of LMR ≤ 4.0 for distinguishing symptomatic ICAS aligned with our earlier findings,14 reinforcing the 
reproducibility of this marker across patient populations. The prognostic relevance of LMR also extends beyond ICAS. 
LMR is an independent predictor of unfavorable short-term outcomes in acute ischemic stroke;21 an LMR of < 3.24 
correlates with early neurological deterioration in acute ischemic stroke.22 Additionally, an LMR of ≤ 4.8 has been linked 
to the presence and burden of coronary artery disease.23 The combined cross-sectional and longitudinal analyses suggest 
that an LMR ≤ 4.0 may serve as a practical and inexpensive hematologic marker linked to ICAS plaque instability. 
Although it offers only moderate predictive accuracy, this easily obtained ratio could aid in identifying a subset of 
patients at elevated risk of recurrent ischemic stroke. Its value may be enhanced when combined with other biomarkers 
and imaging parameters in future predictive models.

A growing body of evidence highlights the central role of inflammation in ICAS plaque formation and destabilization. HR- 
VWI studies demonstrate that plaques enhanced with gadolinium typically exhibit histopathological features of local 
inflammation, including macrophage accumulation and neovascularization.24 These enhancement patterns are now estab
lished as reliable imaging markers of unstable plaques.25,26 In our study, patients with symptomatic ICAS exhibited 
significantly higher levels of peripheral inflammatory markers than their asymptomatic counterparts (P < 0.01), supporting 
the systemic inflammatory contribution to plaque progression. Furthermore, both HR-VWI plaque enhancement and low 
LMR were identified as independent predictors of symptomatic ICAS. This imbalance of immune cells leads to the instability 
of plaques, resulting in an increased proportion of ischemic strokes. Additional circulating biomarker, like IL-6, was also 

Figure 2 Kaplan–Meier estimate for recurrence of ischemic stroke according to LMR ≤ 4.0 evolution over time. ICAS patients presenting with LMR ≤ 4.0 (blue line) have 
a greater risk of recurrence than those with LMR > 4.0 (red line) (P = 0.011).
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reported to be associated with plaque instability.27 This is consistent with the core findings of previous study.28 Findings from 
the CANTOS trial29 further strengthen this perspective, showing that anti-inflammatory therapy significantly reduced 
cardiovascular event rates independently of lipid-lowering interventions. These results suggest that elevated local and 
systemic inflammatory activity underlies plaque instability and we contend that identifying these high-risk immunoinflam
matory phenotypes in ICAS patients should therefore be a priority for guiding future trials of personalized anti-inflammatory 
treatment.

This study found a significant positive correlation between baseline LMR and HDL. Contrary to previous reports 
linking dyslipidemia to ICAS plaque enhancement,30 our findings revealed no significant association between dyslipi
demia and either plaque enhancement or symptomatic ICAS. This discrepancy may reflect stricter exclusion criteria in 
our study design, statin use among certain patients before enrollment, or ethnic variation among study populations.

Therefore, our findings should be interpreted as preliminary and hypothesis-generating, and the possible mechanism 
diagram of stroke recurrence is shown in Supplementary Figure 1. This study serves as a stepping stone toward larger, 
multicenter studies that will be needed to validate the LMR threshold and to develop integrated multiparameter risk- 
prediction models.

Nonetheless, our study has several methodological limitations. First, as a single-center study, it is subject to 
selection bias and wide CIs, and this may limit external generalizability. Second, despite stringent exclusion 
criteria, unrecognized subclinical infections at baseline may have influenced inflammatory marker values. Third, 
only baseline LMR was used to evaluate recurrent events, although inflammation is clearly implicated in plaque 
instability, the precise biological mechanisms underlying LMR’s independent association remain unclear. 
Inconsistent significance among inflammatory markers may reflect differences in biomarker sensitivity, involve
ment of distinct immune pathways, or immune cell ratio threshold effects. Lastly, the study did not assess dynamic 
changes in LMR during follow-up in relation to stroke recurrence, which warrants exploration in future research.

Conclusion
This study provides preliminary evidence that a low LMR, particularly when ≤ 4.0, is associated with plaque instability 
and an increased risk of stroke recurrence in patients with ICAS. It suggests that LMR may serve as a readily accessible 
biomarker for identifying high-risk individuals, Future studies should investigate dynamic changes in LMR over time and 
its integration with other clinical and imaging markers to better stratify recurrence risk.
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