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Abstract 

Objective: This study aims to explore the mediating role of carotid plaque vulnerability in the 

association between the neutrophil-plus-monocyte-to-lymphocyte ratio (NMLR) and cognitive 

impairment in patients with carotid artery stenosis (CAS). Methods: A total of 211 CAS patients who 

underwent carotid endarterectomy (CEA) were retrospectively enrolled and divided into stable 

plaque (n = 104) and vulnerable plaque (n = 107) groups based on postoperative pathological 

examination. Clinical data, laboratory indicators (including neutrophil, monocyte, and lymphocyte 

counts), and Montreal Cognitive Assessment (MoCA) scores were collected. Multivariate logistic 

regression and mediation analysis were used to evaluate the relationships among NMLR, plaque 

vulnerability, and cognitive function. Results: Patients with vulnerable plaques had significantly 

higher NMLR and lower MoCA scores compared to those with stable plaques (both P < 0.001). 

Multivariate analysis identified NMLR as an independent risk factor for both plaque vulnerability 

(OR = 4.51, P < 0.001) and cognitive impairment (OR = 4.22, P < 0.001). Mediation analysis revealed 

that plaque vulnerability partially mediated the association between NMLR and cognitive function, 

accounting for 10.58% of the total effect. The area under the ROC curve of NMLR for predicting 

plaque vulnerability was 0.80. Conclusion: NMLR is significantly associated with carotid plaque 

vulnerability and cognitive impairment. Plaque vulnerability mediates part of the effect of NMLR on 

cognitive function, suggesting that NMLR may serve as a novel inflammatory biomarker for 

assessing plaque stability and cognitive risk in CAS patients, providing a potential target for early 

intervention in vascular cognitive impairment. 
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1. Introduction 

The primary pathological feature of carotid artery stenosis (CAS) is the formation and 

progressive development of atherosclerotic plaques, with resulting luminal narrowing and plaque 

instability being key mechanisms that lead to ischemic cerebrovascular events. Hemodynamic 

impairment may cause hypoperfusion-related cerebral infarction, while plaque rupture can result in 

distal thromboembolism . The risk posed by atherosclerotic plaque rupture is often more severe than 

the luminal narrowing caused by the plaque itself, with approximately 20–30% of strokes attributed 

to the rupture of vulnerable plaques [1,2]. Vulnerable plaques are compositionally complex, 

including necrotic cores, thin fibrous caps, inflammatory cell infiltration, and calcification [3], and 

represent one of the most potentially dangerous forms of atherosclerotic lesions [4]. Therefore, timely 

identification of vulnerable plaques is of great importance for the prevention of stroke.  
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It is noteworthy that carotid artery stenosis is also an important risk factor for vascular cognitive 

impairment (VCI). With the aging of the population and the increasing number of patients with 

cerebrovascular diseases in China, the prevalence of VCI has shown a year-by-year upward trend. 

VCI is a preventable and treatable cognitive disorder, and early intervention can reduce the 

occurrence of related symptoms and significantly improve quality of life.  

Inflammation is a significant contributor to atherosclerotic plaque formation [5], and assessing 

the progression of atherosclerosis through inflammation-related markers is becoming a growing 

focus of research. The neutrophil count plus monocyte count to lymphocyte count ratio (NMLR) is a 

novel inflammatory marker, defined as the ratio of the sum of peripheral blood neutrophil and 

monocyte counts to lymphocyte count. It can be used to predict the prognosis of inflammatory 

diseases [6]. Studies have found that patients with sepsis, chronic obstructive pulmonary disease, or 

heart failure who exhibit elevated NMLR have higher all-cause mortality rates[7–9]. Meanwhile, in 

patients with schizophrenia, NLR and MLR are negatively correlated with cognitive function [10]. In 

this study, data from CAS patients in our hospital were collected and analyzed, and a mediation 

model was applied to examine the potential mediating effect of plaque stability in the association 

between NMLR and cognitive function, to preliminarily explore the underlying mechanism and 

provide a scientific basis for the prevention and intervention of VCI.  

2. Methods 

2.1. Study Population 

Inclusion criteria: (1) patients who underwent head and neck CTA after admission and were 

diagnosed with CAS according to the Guidelines for the Diagnosis and Treatment of Carotid Artery 

Stenosis; (2) first-time CEA treatment, with carotid plaque specimens obtained intraoperatively and 

subjected to pathological examination; (4) ≥6 years of education, able to complete the MoCA test; (5) 

complete clinical data available.  

Exclusion criteria: (1) presence of benign or malignant tumors (benign tumors were excluded 

only if intervention was required); (2) concurrent infection; (3) history of trauma or surgery within 

the past month; (4) concomitant autoimmune disease; (5) use of anti-inflammatory drugs (such as 

glucocorticoids or immunosuppressants) or use of antibiotics within 1 month before enrollment.  

This study retrospectively included 211 CAS patients who were hospitalized and treated in the 

Department of Vascular Surgery, Nanjing Drum Tower Hospital, the Affiliated Hospital of Nanjing 

University Medical School, from January 2024 to June 2025. According to carotid plaque specimens 

obtained during CEA, patients were divided into the plaque-stable group (n=104) and the vulnerable 

plaque group (n=107).  

2.2. Data Collection 

General data collection: Patient information such as sex, age, hypertension (systolic blood 

pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg or use of antihypertensive drugs), 

diabetes (fasting blood glucose ≥7.0 mmol/L or use of hypoglycemic agents or insulin), and history 

of coronary heart disease were recorded, along with preoperative laboratory data including 

triglycerides, total cholesterol, serum albumin, low-density lipoprotein (LDL), C-reactive protein, 

neutrophil count, monocyte count, and lymphocyte count.  

Calculation of NMLR: (neutrophil count + monocyte count)/lymphocyte count = NMLR; 

calculation of NLR: neutrophil count/lymphocyte count = NLR.  

2.3. Cognitive Function Assessment 

Cognitive function assessment: In this study, the Montreal Cognitive Assessment (MoCA) scale 

was used, which covers seven domains, including visuospatial/executive function, naming, attention, 

language, abstraction, delayed recall, and orientation [11].  
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The total score of the scale is 30 points.  

For patients with 12 years of education or less, 1 point is added to the total score.  

Patients with a total score of 26 or higher are considered to have normal cognitive function; those 

scoring below 26 are considered to have mild cognitive impairment (MCI).  

2.4. Statistical Analysis  

Data were analyzed using R version 4.3.3 statistical software. Quantitative data with normal 

distribution were expressed as mean ± standard deviation (𝑥̄ ±s), and comparisons between groups 

were performed using independent-sample t-tests; skewed quantitative data were expressed as M 

(Q1, Q3), and between-group comparisons were conducted using the Mann-Whitney U test; 

categorical data were expressed as counts, and comparisons between groups were made using the χ2 

test. Multivariate logistic regression was used to analyze the factors associated with plaque stability 

in CAS patients. The predictive value of NMLR for plaque stability was assessed using receiver 

operating characteristic (ROC) curve analysis, calculating the area under the curve (AUC), sensitivity, 

and specificity. A two-tailed test was performed, with a significance level of α=0.05.  

3. Result 

3.1. Comparison of Baseline Characteristics Between Stable and Vulnerable Plaque Groups  

According to plaque stability, patients were divided into the stable plaque group (n=104) and 

the vulnerable plaque group (n=107). There were no significant differences between the two groups 

in terms of sex, hypertension, diabetes, coronary artery disease, or fasting plasma glucose (all P > 

0.05).  

Compared with the stable plaque group, patients in the vulnerable plaque group had lower age, 

history of stroke, triglycerides, serum albumin, hemoglobin, NMLR, and MoCA scores, and these 

differences were statistically significant (all P < 0.05); detailed results are shown in Table 1.  

Table 1. Comparison of baseline clinical characteristics between patients with stable and vulnerable carotid 

plaques. 

Variable Total (n = 211) 
Stable 

 (n = 104) 

Vulnerable  

(n = 107) 
Statistic P 

Gender, n(%)    χ2=0.01 0.932 

  F 37 (17.54) 18 (17.31) 19 (17.76)   

  M 174 (82.46) 86 (82.69) 88 (82.24)   

Smoking, n(%)    χ2=10.31 0.001 

No 153 (72.51) 65 (62.50) 88 (82.24)   

Yes 58 (27.49) 39 (37.50) 19 (17.76)   

Stroke, n(%)    χ2=12.53 <.001 

No 114 (54.03) 69 (66.35) 45 (42.06)   

Yes 97 (45.97) 35 (33.65) 62 (57.94)   

Hypertension, n(%)    χ2=0.16 0.692 

No 45 (21.33) 21 (20.19) 24 (22.43)   

Yes 166 (78.67) 83 (79.81) 83 (77.57)   

Diabetes, n(%)    χ2=2.97 0.085 

No 132 (62.56) 59 (56.73) 73 (68.22)   

Yes 79 (37.44) 45 (43.27) 34 (31.78)   

CAD, n(%)    χ2=0.27 0.602 

No 189 (89.57) 92 (88.46) 97 (90.65)   

Yes 22 (10.43) 12 (11.54) 10 (9.35)   

Age（Year） 69.00 (61.00, 75.00) 66.00 (59.00, 73.00) 71.00 (65.00, 75.00) Z=-3.53 <.001 

Albumin（g/L） 39.60 (38.50, 41.10) 39.70 (39.40, 41.30) 39.60 (37.70, 40.70) Z=-2.45 0.014 
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TC（mmol/L） 3.71 (3.12, 4.22) 3.84 (3.06, 4.38) 3.53 (3.12, 4.03) Z=-1.41 0.160 

LDL（mmol/L） 1.87 (1.56, 2.43) 1.98 (1.52, 2.60) 1.86 (1.62, 2.25) Z=-0.93 0.352 

CRP（mg/L） 3.40 (2.40, 4.70) 3.20 (2.40, 4.40) 3.50 (2.50, 5.20) Z=-1.21 0.228 

Hemoglobin（g/L） 
135.00 (125.00, 

145.50) 

137.00 (127.00, 

148.00) 

134.00 (124.00, 

140.00) 
Z=-2.04 0.042 

Fasting glucose（

mmol/L） 
4.99 (4.42, 5.83) 5.10 (4.60, 6.00) 4.92 (4.31, 5.74) Z=-1.74 0.082 

Neutrophil count, 

(×109/L) 
3.70 (3.30, 4.10) 3.50 (3.27, 4.10) 3.80 (3.45, 4.20) Z=-1.97 0.049 

Lymphocyte count, 

(×109/L) 
1.60 (1.40, 2.05) 1.90 (1.60, 2.40) 1.40 (1.30, 1.70) Z=-7.09 <.001 

Monocyte count, 

(×109/L) 
0.50 (0.40, 0.60) 0.40 (0.30, 0.50) 0.60 (0.50, 0.70) Z=-7.56 <.001 

NMLR 2.50 (1.95, 3.07) 2.18 (1.56, 2.51) 2.93 (2.47, 3.37) Z=-7.61 <.001 

MoCA 23.00 (20.00, 25.00) 24.00 (23.00, 26.00) 21.00 (19.00, 23.00) Z=-6.80 <.001 

3.2. Multivariate Logistic Regression Analysis of the Association Between Plaque Vulnerability and NMLR  

In all patients, groups were classified according to plaque stability, and risk factors for carotid 

plaque vulnerability were analyzed. The analysis revealed that a history of stroke, NMLR, and MoCA 

scores were independent risk factors for plaque stability. Plaque vulnerability was significantly 

positively correlated with a history of stroke and NMLR, and negatively correlated with MoCA 

scores. 

Table 2. Multivariate logistic regression analysis of factors associated with carotid plaque stability. 

Variable P OR (95%CI) 

Stroke 0.014 2.50 (1.20 ~ 5.21) 

Smoking 0.992 0.99 (0.35 ~ 2.86) 

Age 0.234 0.97 (0.92 ~ 1.02) 

TC 0.070 0.60 (0.34 ~ 1.04) 

Albumin 0.443 0.94 (0.81 ~ 1.10) 

Hemoglobin 0.253 1.02 (0.99 ~ 1.04) 

NMLR <.001 4.51 (2.43 ~ 8.38) 

MoCA 0.015 0.84 (0.73 ~ 0.97) 

3.3. Multivariate Logistic Regression Analysis of the Association Between Cognitive Function and NMLR 

In all patients, groups were classified based on MoCA scores, with MoCA ≥26 indicating the 

normal cognition group and MoCA ≤25 as the mild cognitive impairment (MCI) group.  

Risk factors for cognitive function were analyzed. The analysis showed that a history of stroke, 

age, and NMLR were independent risk factors for cognitive function, each exhibiting a significant 

positive correlation. 

Table 3. Multivariate logistic regression analysis of the association between NMLR and cognitive function. 

Variable P OR (95%CI) 

Stroke 0.034 2.59 (1.08 ~ 6.23) 

Smoking 0.603 0.78 (0.32 ~ 1.95) 

Age <.001 1.18 (1.10 ~ 1.25) 

Albumin 0.766 1.03 (0.86 ~ 1.23) 

LDL 0.712 1.09 (0.68 ~ 1.77) 

NMLR <.001 4.22 (1.98 ~ 8.96) 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 September 2025 doi:10.20944/preprints202509.0209.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0209.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 9 

 

3.4. Mediation Effect of Plaque Vulnerability in the Association Between NMLR and Cognitive Function 

Table 4. Path analysis results of NMLR, plaque stability, and cognitive function. 

Path Relationship P β（95%CI） 

NMLR→Vulnerability Exposure→ Mediator <.001 1.31（0.77～1.86） 

NMLR→MoCA Exposure→ Outcome <.001 -1.18（-1.68～-0.67） 

Vulnerability→MoCA Mediator→Outcome <.001 -1.44（-2.33～-0.64） 

Table 5. Mediation effect estimates of NMLR, plaque stability, and cognitive function. 

Effect β（95%CI） P Mediation（%） 

Indirect -0.14（-0.28～-0.03） <.001 10.58 

Direct -1.19（-1.68～-0.70） <.001 89.42 

Total -1.33（-1.83～-0.83） <.001 100 

3.5. Predictive Value of NMLR for Carotid Plaque Stability in Patients with CAS. 

 AUC Cutoff Sensitivity Specificity P 

NMLR 0.80 2.525 77.9% 73.8% <0.001 

 

Figure 1. Receiver operating characteristic (ROC) curve of NMLR for predicting carotid plaque stability in 

patients with CAS. 

4. Discussion 

This retrospective study analyzed clinical data from patients with carotid artery stenosis (CAS) 

to explore the mediating role of carotid atherosclerotic plaque stability in the connection between the 

neutrophil-plus-monocyte-to-lymphocyte ratio (NMLR) and cognitive function.  
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The results indicated that NMLR was significantly associated with plaque stability, and plaque 

vulnerability mediated the association between NMLR and cognitive function.  

The stability of atherosclerotic plaques is regulated by multiple mechanisms, among which the 

inflammatory response is a key driving factor. Circulating inflammatory cells, mainly neutrophils, 

monocytes, and lymphocytes, were found in this study to be closely associated with plaque 

vulnerability, with elevated neutrophil and monocyte counts and decreased lymphocyte counts. This 

finding is consistent with previous basic research, both domestically and internationally, which 

proposed mechanisms such as “neutrophil infiltration accelerating plaque rupture” and “monocyte-

mediated endothelial injury” [12,13]. Neutrophils directly exacerbate plaque instability by releasing 

neutrophil extracellular traps (NETs). On one hand, NETs induce vascular smooth muscle cell 

(VSMC) death, resulting in an enlarged necrotic core and thinning of the fibrous cap, thereby 

increasing plaque instability; on the other hand, they activate macrophages, promote the expression 

of the pro-inflammatory factor pro-IL-1β, and recruit monocytes to infiltrate plaques, forming a 

vicious inflammatory cycle [14–16]. Pro-inflammatory M1 macrophages secrete IL-1β and matrix 

metalloproteinases (MMPs), which degrade the fibrous cap structure, whereas M4 macrophages 

further amplify the inflammatory cascade by recruiting neutrophils and inducing NET formation[17]–

[19] . In immune cell regulation, lymphocytes differentiate into T and B cells. Regulatory T cells (Treg) 

derived from CD4+ T cells suppress inflammatory responses by secreting IL-10 and TGF-β, thereby 

slowing the progression of atherosclerosis[20],[21] .  

Meanwhile, CD8+ T cells exhibit activated and cytotoxic phenotypes within plaques, but certain 

subtypes (e.g., CD8+ Treg) can exert protective effects by suppressing Th1 responses[22],[23] . 

Additionally, B1 cells secrete IgM antibodies with antioxidant properties, directly neutralizing 

oxidized lipids and enhancing plaque stability [24].  

Additionally, previous studies have shown that plaque stability is also associated with C-

reactive protein (CRP), LDL, and smoking[25]–[27] . Therefore, in this study, CRP, smoking, and 

LDL—commonly used clinically to assess systemic inflammation—were analyzed as potential risk 

factors. However, they did not retain independent predictive value in the multivariate analysis. This 

finding suggests that, compared with single inflammatory or lipid markers, NMLR integrates 

information from multiple immune cell types and can more accurately reflect plaque inflammatory 

burden. 

 This observation is consistent with Ruan et al.'s findings regarding the predictive value of 

NLR[28] , but by incorporating monocyte information, NMLR may more sensitively reflect 

macrophage infiltration and oxidative stress within plaques (e.g., monocyte counts were significantly 

elevated in the vulnerable plaque group)[29] .  

In this study, patients were classified into the NC group and the MCI group based on whether 

their MoCA score was ≥26. Multivariate logistic regression analysis showed that NMLR was an 

independent risk factor for cognitive function. Mediation analysis indicated that carotid plaque 

vulnerability mediated the association between NMLR and cognitive function, accounting for 10.58% 

of the effect. This suggests that vulnerable carotid plaques may be a potential risk factor through 

which NMLR affects cognitive decline. Inflammation not only acts through the immune system but 

also interacts with traditional cerebrovascular risk factors, amplifying their harmful effects [30]. 

Inflammation is also considered to play an important role in cognitive impairment associated with 

vascular CI [31]or Alzheimer's disease [32]. During vascular diseases such as atherosclerosis or 

ischemic stroke, neutrophils exacerbate tissue damage by increasing reactive oxygen species (ROS) 

release, leading to neuronal dysfunction, cognitive impairment, or endothelial dysfunction and 

increased permeability [33],[34]. However, cognitive decline may also result from a reduction in 

lymphocyte counts. Firstly, Hou et al. demonstrated that increased neutrophil counts are associated 

with high ROS generation, which leads to lymphocyte DNA damage and lymphocyte death [35]. 

Because lymphocytes in patients are more sensitive to ROS than those in healthy individuals, 

peripheral lymphocyte counts decrease[36] . On the other hand, studies have suggested that 

microemboli may underlie MCI in patients with carotid artery stenosis [37]. This is similar to the 
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mediation effect observed in this study, where carotid plaque vulnerability mediates the relationship 

between NMLR and cognitive decline. Plaque vulnerability increases due to intraplaque hemorrhage, 

necrotic core enlargement, and fibrous cap thinning, leading to plaque rupture and microembolus 

formation.  

Therefore, NMLR levels may directly or indirectly reflect the extent of cognitive decline.  

NMLR integrates the pro-inflammatory effects of neutrophils and monocytes with the protective 

effects of lymphocytes, more sensitively reflecting macrophage infiltration and oxidative stress 

within plaques. NMLR can not only directly contribute to cognitive decline but also indirectly affect 

cognition by promoting plaque vulnerability, providing a novel inflammatory target for the 

prevention and management of stroke and VCI. NMLR may serve as a noninvasive biomarker for 

screening the risk of carotid plaque rupture to prevent ischemic stroke and for assessing the risk of 

vascular cognitive impairment (VCI), offering a basis for early intervention.  
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