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Aim: This study aimed to determine the identification role of neutrophil-to-lymphocyte ratio (NLR) combined with CHA2DS2-VASC
score for cardiogenic cerebral embolism (CCE) in acute ischemic stroke patients with non-valvular atrial fibrillation (NVAF).
Methods: From January 2019 to August 2024, a total of 402 acute ischemic stroke patients with NVAF were enrolled in this
retrospective study and were divided according to the occurrence of CCE into the CCE or non-CCE groups. Clinical data were
collected from both groups, which included demographic data, medical history, CHA2DS2-VASC score, and laboratory tests (blood
cell counts and blood biochemistry indicators). A predictive model based on blood indexes and the CHA2DS2-VASC score was
constructed using least absolute shrinkage and selection operator (LASSO) regression analysis.

Results: Multiple regression analysis showed that the CHA2DS2-VASc score (OR = 2.95, 95% CI = 2.19-3.99, p < 0.001), white
blood count (OR = 1.43, 95% CI = 1.15-1.78, p = 0.001), neutrophil-to-lymphocyte ratio (NLR; OR = 1.63, 95% CI = 1.29-2.05, p <
0.001), and D-dimer levels (OR = 1.56, 95% CI = 1.15-2.12, p = 0.005) were independent risk factors for CCE. Spearman correlation
analysis showed that NLR and the CHA2DS2-VASc score had a significant positive correlation (R = 0.449, p < 0.001). The area under
the receiver operating characteristic (ROC) curve (AUC) for NLR and the CHA2DS2-VASc score were 0.869 (95% CI = 0.843-0.901)
and 0.859 (95% CI = 0.820-0.898), respectively. A composite index for distinguishing CCE risk was constructed using LASSO
regression analysis, which yielded an AUC value of 0.924 (95% CI = 0.898-0.950).

Conclusion: NLR is an independent risk factor for CCE in NVAF patients, and combining it with CHA2DS2-VASC score provides
a more useful composite index for identifying the CCE risk of patients with NVAF. This composite score may serve as a promised tool
in clinical workflows, and it could even contribute to individualized anticoagulation strategies by identifying high-risk patients who
may benefit from more positive preventive methods.

Keywords: non-valvular atrial fibrillation, cardiogenic cerebral embolism, CHA2DS2-VASc score, neutrophil-to-lymphocyte ratio,

neutrophil extracellular traps, least absolute shrinkage and selection operator

Introduction

Stroke is the second leading cause of death worldwide and a major contributor to disability, with high incidence and
disability-adjusted life years (DALYs) lost.'*? Cardiogenic cerebral embolism (CCE) is a pathological subtype of acute
ischemic stroke, accounting for about 14-30% of cases. Compared to other subtypes of ischemic stroke, CCE often
involves rapid progression, poor prognosis, and serious complications,™* which often means worse outcome when
occurring. Atrial fibrillation (AF), especially nonvalvular atrial fibrillation (NVAF), is the most likely cause of CCE,
as it contributes to blood stasis and abnormalities in coagulation-related indexes by causing left atrial appendage systolic
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dysfunction, thereby increasing the likelihood of thromboembolism.>® Therefore, the early diagnosis of acute stroke
patients, as well as the early initiation of anticoagulation therapy and related secondary prevention, is of utmost
importance.7’8

Due to their breadth and simplicity, the CHADS2 score and CHA2DS2-VASc score are the most common risk
assessment models employed worldwide to predict the risk of acute cerebrovascular events in patients with NVAF.” The
CHA2DS2-VASc score incorporating factors easily obtained like congestive heart failure, hypertension, age, diabetes,
stroke/transient ischemic attack/thromboembolism history, vascular disease history and sex. And provide quick evalua-
tion of high-risk patients. However, a growing number of studies have questioned these scores for the following reasons:
(1) Many studies have found that these scores were still able to predict the risk of ischemic stroke without AF, and hence
may not be specific to the assessment of NVAF-related stroke. (2) These scores do not include several specific factors
affecting thromboembolism in patients with NVAF, such as left atrial diameter (LAD) and ejection fraction (EF) or
possible biomarkers. These findings highlight the limitations of the risk stratification models, and the need for a deeper
understanding of cerebral thromboembolism and NVAF.'*'! In addition to evaluating thromboembolic events, assessing
the risk of bleeding tendencies in patients receiving anticoagulation therapy is important equally. The HASBLED score is
a common clinical tool included in guidelines and already proofed useful and simply predictive capacity for bleeding,
which calculates the bleeding risk of severe variables: hypertension (1 point), abnormal liver/renal function (1 or 2
points), stroke (1 point), bleeding (1 point), labile international normalised ratios (1 point), elderly (>65, 1 point) and
drugs/alcohol (1 or 2 points).'*!'* A comprehensive evaluation of both thrombotic and bleeding risks is essential for
guiding individualized treatment strategies in patients with NVAF.

The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio are newly discovered and readily avail-
able markers of systemic inflammation, which have recently been shown to have predictive and diagnostic value in
a wide range of diseases.'* Studies in cerebrovascular disease have shown that neutrophils are among the first cells to
infiltrate damaged brain regions, inducing the production of free radical gases such as inducible nitric oxide synthase
(iNOS), ultimately leading to post-ischemic brain injury and the destruction of the blood—brain barrier.'> A higher NLR
is associated with a greater incidence of cardiovascular and cerebrovascular diseases and poorer clinical outcomes. NLR
can be used as a predictor of initial stroke severity, AF, and post-stroke hemorrhagic transformation.'®2°

NLR is a composite result based on routine blood tests. Hence, it is more sensitive and valuable than individual
indicators, and less affected by the processing of blood samples, reflecting the complex relationships and interactions
among the autonomic nervous system, neuroendocrine system and immune system.?' Therefore, we aimed to explore the
correlation between NLR, CHA2DS2-VASc score, and NVAF-induced CCE to improve early risk identification.

Methods

Patient Selection

A total of 402 acute ischemic stroke patients diagnosed with NVAF at Hefei Hospital Affiliated to Anhui Medical
University from January 2019 to August 2024 were recruited. The data above were accessed for research purposes on
September 1, 2024. Of those, 196 were diagnosed with new-onset CCE (CCE group), and 206 patients were diagnosed
with non-CCE matched for sex and age with NVAF within the same time frame (Non-CCE group). Figure 1 shows the
screening process in detail, and Table 1 shows the detailed clinical characteristics of the demographic data for the study
population.

Ethics and Statement

The research protocol was reviewed and approved by the Ethics Committee of Hefei Hospital Affiliated to Anhui
Medical University, with ethical approval number: 2023-SR-006-01. All participants provided informed consent to
participate and publish the clinical data in the study. Written informed consent was obtained from all participants prior
to the enrollment of this study and all the data was analyzed anonymously. The study complies with the principles of the
Declaration of Helsinki.
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2019 January-2024 August
RYAEL o) Exclusion (N=151):
Acute infection (N=48)
l Severe valvular heart disease or history of valve disease
surgery (N=38)
NVAF(N=402) Severe hvp;nif' _;md renal failure (N=13)
Severe heart failure (N=11)
Other cerebrovascular disease or other intracranial diseases (N=29)
l Blood diseases(N=4)
Severe malnutrition(N=6)
CCE(N=196) Severe consciousness(N=2)
Non-CCE(N=206)

Figure | Study design flowchart.

Inclusion Criteria
1. NVAF was diagnosed according to the 2019 AHA/ACC/HRS guidelines for the management of patients with
AF;22
2. Aged between 18 and 90 years;
3. Diagnosed with CCE according to the diagnostic criteria of the 2023 Chinese Guidelines for the Diagnosis and
Treatment of Acute Ischemic Stroke and by head computed tomography (CT) or magnetic resonance imaging

(MRI), occurring as a first-ever acute ischemic stroke;
4. Admitted to the hospital within 24 hours of onset.

Table | Comparison of Clinical Characteristics Between CCE with Non-CCE Patients

Variables CCE (n = 196) | Non-CCE (n = 206) | y¥/t P
Age (years) 77.18 £ 820 7735 £ 8.17 -0.20 | 0.839
CHA2DS2-VASc score 588+ I.16 4.07 £ 1.23 I5. 11 | <0.001
White blood count (x109/L) | 7.5 + 2.10 5.53 + 1.48 10.87 | <0.00I
Red blood count (X 109/L) 422 + 0.58 4.17 £ 0.56 0.86 0.390
Hemoglobin (g/L) 127.96 + 18.02 127.51 + 16.62 0.26 0.796
Platelet count (x109/L) 183.20 + 67.76 169.50 + 50.62 229 0.023
Neutrophil count (x109/L) 5.71 £2.03 337 £ 1.16 14.08 | <0.001
Lymphocyte count (x109/L) | 1.23 + 0.50 1.57 + 0.57 —6.22 | <0.001
NLR 5.69 £ 4. 11 242 £ 132 10.64 | <0.00I
CR (umol/L) 74.36 £ 21.60 76.71 £ 23.92 —-1.03 | 0.303
UA (umol/L) 345.77 + 108.38 | 345.72 + 93.75 0.00 0.996
ALT (U/L) 20.53 + 16.08 1672 £ 9.18 2.89 0.004
AST (UIL) 28.53 + 14.79 22,17 £ 7. 11 5.45 <0.001
TG (mmol/L) 1.15 + 0.62 1.29 + 0.93 -1.70 | 0.091
GLU (mmol/L) 6.38 £ 2.30 5.54 £ 141 4.36 <0.001
CYS-C (mg/L) 1.28 + 0.40 1.31 £ 0.38 —-0.85 | 0.395
HCY (umol/L) 14.55 + 591 14.99 + 8.59 —0.60 | 0.551
CRP (mg/L) 15.56 + 32.10 4.18 £ 9.62 4.76 <0.001
D-dimer (ug/mL) 294 + 434 0.66 + 0.8 7.25 <0.001
(Continued)
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Table 1 (Continued).

Variables CCE (n = 196) | Non-CCE (n = 206) | It P

Sex, Male (%) 87 (44.39%) 109 (52.91%) 2.92 0.087
Smoking, Yes (%) 28 (14.29) 33 (16.02) 0.23 0.628
Alcohol, Yes (%) 21 (10.71) 32 (15.53) 2.04 0.153
Hypertension, Yes (%) 153 (78.06) 147 (71.36) 2.38 0.123
Diabetes mellitus, Yes (%) 40 (20.41) 57 (27.67) 2.89 0.089
Coronary disease, Yes (%) 89 (45.41) 91 (44. 17) 0.06 0.804
Anticoagulant, Yes (%) 25 (12.76) 27 (13. 11) 0.01 0916

Exclusion Criteria

1. Patients in the acute phase of infection;

2. Acute ischemic stroke caused by other cardiogenic factors;

3. History of valvular heart disease requiring surgical intervention, patent foramen ovale closure, or prior atrial
fibrillation-related surgical procedures.

4. Patients comorbid for other cerebrovascular diseases or intracranial diseases, including intracranial space-
occupying lesions, craniocerebral trauma, cerebral hemorrhage and cerebrovascular malformations;

5. Patients comorbid for severe systemic diseases such as chronic infectious diseases, organ failure (including heart,
liver and kidney insufficiency), hematologic diseases or rheumatic immune system diseases;

6. Severe malnutrition or impaired consciousness;

7. Incomplete clinical or imaging data.

Medical History and Data Collection

The patients’ clinical data were collected retrospectively through the electronic medical records system, which included
sex, age, smoking history, alcohol consumption history, history of chronic diseases (eg, hypertension, diabetes mellitus,
coronary heart disease) and use of anticoagulant drugs. CHA2DS2-VASc score was calculated for all patients. Blood cell
counts (eg, white blood count, neutrophil count, lymphocyte count) and blood biochemistry indicators (eg, C-reactive
protein, CRP; creatinine, CR; uric acid, UA; etc) were collected within 24 h of admission, and NLR was calculated.

Statistical Analysis

Statistical analysis was performed using the SPSS 26.0 software. The Kolmogorov—Smirnov test was performed to determine
the normality of data distribution, and Levene’s test was performed to determine the homogeneity of variance. Normally
distributed continuous data were expressed as mean + standard deviation. Non-normally-distributed variables were expressed
as median (interquartile range). Independent samples #-test or Mann—Whitney U-test was employed for the univariate analysis
of continuous variables, while the chi-square test was employed for categorical variables. Correlations among variables were
evaluated using Pearson or Spearman correlation coefficients. Multivariate analysis using logistic regression was performed
to assess the independent risk factors for CCE in patients with NVAF. The area under the curve (AUC) was calculated, and
receiver operating characteristics (ROC) curve analysis was performed to assess the predictive accuracy of NLR, CHA2DS2-
VASc score, and their combination for CCE. The Youden index was used to determine the cut-off value (threshold value),
sensitivity and specificity. Spearman correlation was carried out to analyze the correlation between CHA2DS2-VASc score
and NLR. In addition, to assess the potential risk of CCE in patients with NVAF, the least absolute shrinkage and selection
operator (LASSO) regression analysis was performed using R (4.2.1) to construct a risk score model based on NLR and
CHA2DS2-VASc score. P <0.05 was considered statistically significant. Besides, a power analysis was conducted to assess
the adequacy of the sample size for detecting differences in the occurrence of CCE using logistic regression and LASSO
regression analysis. Assuming a two-tailed test, a significance level (a)) of 0.05, a power of 80%, and a medium effect size
(odds ratio [OR] = 1.5), the current sample size was determined to be sufficient for detecting the expected effect. The assumed
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effect size is consistent with previous studies evaluating clinical risk scores in stroke occurrence. Missing data were addressed
through multiple imputation via chained equations, assuming data were missing at random (MAR).

Results

Demographic Characteristics and Inflammatory Markers

Comparison of clinical data between the two groups revealed that the CHA2DS2-VASc score, white blood count, platelet
count, neutrophil count, NLR, alanine aminotransferase (ALT), aspartate aminotransferase (AST), glucose (GLU), CRP
and D-dimer of the CCE group were higher than those of the control group, whereas the lymphocyte count was lower
than that of the control group; the differences above were all statistically significant (p < 0.05). In contrast, the red blood
count, hemoglobin, CR, UA, triglycerides (TG), cystatin C (CYS-C), homocysteine (HCY), and percentages of sex, age,
smoking history, alcohol consumption history, hypertension, diabetes mellitus, coronary disease and use of anticoagulant
drugs did not differ significantly between the two groups (p > 0.05). More details can be seen on Table 1.

Multiple Logistic Regression Analysis

Multiple logistic regression analysis was performed to comprehensively assess the association between the blood
indicators above and the occurrence of CCE in patients with NVAF, and to identify the most valuable risk factors.
The results indicated that CHA2DS2-VASc score (OR =2.95, 95% CI =2.19-3.99, p < 0.001), white blood count (OR =
1.43,95% CI =1.15-1.78, p = 0.001), NLR (OR = 1.63, 95% CI = 1.29-2.05, p < 0.001) and D-dimer (OR = 1.56, 95%
CI=1.15-2.12, p = 0.005) were associated with CCE. Univariate logistic regression showed that CHA2DS2-VASc score,
white blood count, NLR, AST, GLU, CRP and D-dimer were highly significantly associated with CCE (p < 0.01), while
platelet count and ALT were significantly associated with CCE (p < 0.05) (Table 2 and Figure 2).

ROC Curve Analysis

The AUC of the ROC curves for NLR and CHA2DS2-VASc score were 0.869 (95% CI = 0.843-0.901) and 0.859 (95%
CI = 0.820-0.898), respectively. The threshold value of NLR and CHA2DS2-VASc score for predicting CCE risk in
patients with NVAF was 2.989 and 4.50, respectively. The specificity was 0.832 and 0.908, respectively. The sensitivity
was 0.796 and 0.665, respectively (Figure 3).

Correlation Analysis of NLR and CHA2DS2-VASc Score

Correlation analysis showed a positive correlation between NLR and CHA2DS2-VASc score (R = 0.449, p < 0.001).
Furthermore, a heatmap was depicted to visualize the correlations between different variables in Figure 4 (with
correlation coefficients showed in the figure).

Table 2 Multiple Logistic Analysis Results for Patients with

CCE

Variables OR | 95% CI P
CHA2DS2-VASc score 295 | (2.19 ~3.99) | <0.001
White blood count (x109/L) | 1.43 | (1.15~1.78) | 0.001
Platelet count (x109/L) 1.00 | (0.99 ~ 1.01) | 0.908
NLR 1.63 | (1.29 ~2.05) | <0.001
ALT (U/L) 1.00 | (0.96 ~1.04) | 0910
AST (U/L) 1.05 | (0.99 ~ I. 1) | 0.098
GLU (mmol/L) 0.90 | (0.74 ~ 1.08) | 0.255
CRP (mg/L) 1.02 | (0.99 ~ 1.05) | 0.126
D-dimer (ug/mL) 1.56 | (I.15~2.12) | 0.005

International Journal of General Medicine 2025:18 htps: 3493



Hu et al

Variables OR (95%CI) P
CHA2DS2-VASc score 3.56 (2.77 ~ 4.58) ——a—i <001
White blood count (x109/L) 1.86(1.61 ~2.14) - <.001
Platelet count (x109/L) 1.01 (101 ~1.01) = 0.024
NLR 2.51 (2.04 ~3.08) - <.001
ALT (U/L) 1.02 (1.01 ~ 1.04) t 0.006
AST (U/L) 1.06 (1.04 ~ 1.09) <.001
GLU(mmol/L) 1.29 (1.14 ~ 1.46) |m <.001
CRP (mg/L) 1.08 (1.05~1.11) <.001
D-dimer(pg/ml) 2.84 (2.12 ~ 3.82) r l’_.I—‘ : <.001

|

1 2 3 4

OR (95%CI

Figure 2 Independent risk factors for patients with CCE.
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Figure 3 ROC curve analysis for NLR and CHA2DS2-VASc score.

LASSO Model Analysis

To determine the prediction of CCE risk in patients with NVAF, a composite index based on NLR and CHA2DS2-VASc
score was constructed using the LASSO model. Risk score = 0.151 + 0.065 x CHA2DS2-VASc score + 0.003 x NLR.
The risk score for CCE in NVAF patients was significantly higher than that of the control group, and the risk score was
able to distinguish the CCE group from the Non-CCE group with an AUC of 0.924, sensitivity of 0.840, specificity of
0.903, and threshold value of 0.34 (Figures 5 and 6).
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Correlation between variables
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Figure 4 Correlation analysis of NLR and CHA2DS2-VASc score.

Discussion
AF is the most common type of arrhythmia observed in clinical practice, with its incidence and prevalence rising

continually with age. Studies in the field of cerebrovascular disease have found that AF plays a crucial role the
pathogenesis of ischemic stroke, while acute strokes caused by AF-induced cardiogenic emboli are often indicative of
severe disease progression, as well as high recurrence and mortality rates.” In addition to physical factors, there is also
a large body of evidence demonstrating that the inflammatory response is closely associated with triggering AF, inducing
vascular endothelial cell damage, and giving rise to the subsequent process of embolus formation.”* However, it is
unclear whether the onset of AF directly activates the inflammatory response or whether the presence of a pre-existing
systemic inflammatory response contributes to the persistence of AF. The two mechanisms may also interact to jointly
participate in the pathogenesis of AF and its various associated complications.** This is the so-called “AF begets AF”
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Figure 5 LASSO model based on NLR and CHA2DS2-VASc score.

Figure 6 The association between NLR and CHA2DS2-VASc score in CCE patients.

phenomenon, in which a pre-existing inflammatory response triggers AF, while the AF-induced inflammatory response
further promotes atrial remodeling and the persistence of abnormal rhythms.??

Previous studies have already identified numerous blood markers associated with AF and acute stroke, which not only
encompass general markers, such as neutrophils, lymphocytes and platelets, but also include CRP, red cell distribution
width, NT-proBNP, S1008, UA, D-dimer, as well as indexes based on routine blood indicators, such as the systemic
immune-inflammation index (SII), NLR and platelet-to-lymphocyte ratio (PLR).>>” Our study demonstrated that NLR
and D-dimer were independent risk factors for the risk of CCE occurrence in patients with NVAF, which is consistent
with previous studies.”® Despite the significant difference in CRP levels between the CCE group and the control group, in
which the CCE group showed higher CRP levels, this indicator was not an independent risk factor for CCE in patients
with NVAF. Previous studies have shown that CRP plays a crucial role in predicting adverse outcomes in acute stroke
and can serve as an indicator of the prothrombotic state in AF patients, but there is a lack of reliable evidence
demonstrating its ability to predict the risk of stroke onset.?**°-*

NLR is a composite index based on blood neutrophils and lymphocytes that is able to reflect the extent of the
systemic inflammatory response. Thromboembolism is the most common cause of cerebrovascular occlusion, but stroke
can also be a complication of systemic inflammatory responses and autoimmune processes. It participates in the
pathogenesis of vascular diseases by inducing coagulation processes and altering the vascular inflammatory response.
Ischemic stroke results in a sudden interruption of nutrient supply, which rapidly leads to irreversible damage to the
infarct core and a series of secondary pathologies such as neuronal excitotoxicity, oxidative stress and mitochondrial
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disorders, which ultimately cause an intense inflammatory response. During which, peripheral circulating cells, such as
neutrophils, are recruited to the lesion site and activated, resulting in the release of cytokines, interferons and
chemokines, thus leading to an imbalance between procoagulant and anticoagulant effects.?'-!

Neutrophil extracellular traps (NETs) are extracellular DNA produced by neutrophil hyperactivation. Acute stroke
can induce the production of NETs, which play a role in triggering neutrophil accumulation and producing factors that
promote the disruption of the blood-brain barrier, such as reactive oxygen species (ROS), proteases and proinflammatory
mediators. This, in turn, can enhance neutrophil-endothelium interactions and impair post-stroke vascular
remodeling.***? In addition, NETs can also promote thrombosis by recruiting coagulation factor XII and binding to
tissue factor pathway inhibitor (TEPI).** In contrast, lymphocyte count is thought to exert neuroprotective functions that
can benefit the improvement of neurological function after stroke.>' In our study, the CCE group had a higher neutrophil
count and lower lymphocyte count compared to the Non-CCE group.

Risk assessment of ischemic stroke is central to the management of NVAF. Although numerous risk assessment
schemes have been proposed, the CHA2DS2-VASc score remains the most commonly used risk prediction model
worldwide, most likely due to its simplicity and ease of use. Nonetheless, current stroke prediction models have
significant limitations and do not incorporate other risk factors that contribute to CCE, including but not limited to: 1.
NVAF-specific factors such as LAD and cardiac function; 2. potential cardiovascular and inflammatory response
markers; 3. abnormal electrocardiographic findings; and 4. competing risk factors such as complex aortic plaque, carotid
or intracranial artery stenosis, uncontrolled hypertension, advanced left ventricular dysfunction, or structural heart defects
(eg, patent foramen ovale, atrial septal aneurysm).'*>> A meta-analysis indicated that the predictive value of CHA2DS2-
VASc score for stroke is limited when AF-related indexes are not included, and this predictive performance is similar in
the presence or absence of NVAF.'! Moreover, the combination of PLR and CHA2DS2-VASc can improve the prediction
of CCE, CHA2DS2-VASc is no longer enough.>*>” In summary, a wide range of elements should be incorporated into
current risk factor-based stroke prediction models to optimize prevention practices and provide prevention and treatment
recommendations for high-risk populations.

In this study, the LASSO regression-based risk score constructed using NLR and CHA2DS2-VASc score achieved an
accuracy of 0.924 in predicting the CCE risk of patients with NVAF. This was higher than the accuracy of each index
alone, despite the relatively high predictive accuracies of NLR and CHA2DS2-VASc score (0.869 and 0.859, respec-
tively). Therefore, we recommend applying this risk score to the screening of patients with NVAF who are at high risk for
CCE. Spearman correlation analysis revealed a positive correlation between NLR and CHA2DS2-VASc score. This may
be because NLR, as a composite index of systemic inflammatory response, elevated the risk of NVAF patients through
the “AF begets AF” phenomenon, thereby increasing their CHA2DS2-VASc score. Although we have fully investigated
and explored the potential risk factors for NVAF-associated CCE and constructed a prediction model, this study still has
some limitations: 1. This was a single-center retrospective study, which may have led to some bias. Thus, a multicenter
study will be planned in the future to further confirm the feasibility and accuracy of this model in disease prediction. 2.
This study did not follow up on the CCE patients. Future studies should focus on constructing a model for predicting the
risk of secondary CCE or screening high-risk groups for CCE, while also taking into account other types of acute stroke
or CCE caused by valvular AF. 3. The blood samples in this study were collected only once within 24 h of admission,
whereas NLR is a dynamically changing blood index. Future studies should focus on the association between the changes
in NLR levels at various phases in the pathogenesis of stroke and disease. Only CRP was included in this study, and the
correlation between NLR and other inflammatory markers could not be compared. Future studies should add multiple
inflammatory markers to comprehensively assess the role of the inflammatory response in CCE onset among patients
with NVAF. 5. This study only analyzed whether anticoagulant therapy was performed in the two groups, without further
examining the specific medications administered and timing of medications. Subsequent studies should further evaluate
the impact of different anticoagulant drugs on the risk of CCE and the prediction model. 6. Although this composite score
demonstrated great performance in CCE risk assessment, external validation in independent cohorts is necessary for
generalization. 7. This study did not distinguish the impact of paroxysmal atrial fibrillation and permanent atrial
fibrillation on clinical outcomes. However, previous study has already demonstrated that, compared to paroxysmal atrial
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fibrillation, patients with permanent atrial fibrillation experience a higher risk of cardiogenic embolism and related
complications.*® Future studies should focus on exploring the effects of different atrial fibrillation episodes.

Conclusion

Our study found that the composite score which combined NLR and CHA2DS2-VASc score was more valuable than
each index alone in identifying the CCE risk of patients with NVAF. The LASSO prediction model constructed based on
NLR and CHA2DS2-VASc score had an accuracy of 0.924, which will enable the early identification of high-risk groups
for CCE among NVAF patients and provide suggestions of anticoagulants strategies.
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