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Background and Aims: Non-valvular atrial fibrillation (NVAF) patients face a 3–5 times greater risk of acute ischemic stroke (AIS) 
compared to those without NVAF. This study aims to establish a novel clinical prediction model for AIS in elderly patients with NVAF 
by incorporating relevant biomarker indicators.
Methods: A total of 301 individuals diagnosed with NVAF were selected for this investigation at the Third Affiliated Hospital of 
Anhui Medical University. Based on the presence of AIS, patients were categorized into two groups: the Stroke Cohort and the Non- 
Stroke Cohort. Predictor screening was performed using the least absolute shrinkage and selection operation (LASSO) regression 
algorithm. The binary logistic regression equation was applied to fit the model, followed by internal validation using the bootstrap 
resampling method (1000 times). Receiver operating characteristic (ROC) curve, calibration degree curve plots, and clinical decision 
curve analysis (DCA) were generated, respectively. Finally, a nomogram was constructed to present the prediction model.
Results: The final results of this study revealed that neutrophil-to-lymphocyte ratio (NLR), red cell distribution width (RDW), 
lipoprotein(a) (Lp(a)), systolic pressure, history of stroke, hyperlipidemia were independent risk factors for AIS in elderly patients with 
NVAF (P<0.05). And the high-density lipoprotein cholesterol (HDL-C) was an independent protective factor (P<0.05). By incorpor-
ating these indicators, a nomogram prediction model for predicting AIS in elderly patients with NVAF was constructed. Comparative 
analysis between the nomogram predictive model and CHA2DS2-VASc score revealed that the AUC of the nomogram predictive 
model surpassed that of the CHA2DS2-VASc score (AUC: 0.881vs 0.850).
Conclusion: NLR, RDW, Lp(a), SP, history of stroke, hyperlipidemia, and HDL-C emerge as independent prognostic factors for acute 
ischemic stroke in elderly patients with non-valvular atrial fibrillation. The predictive utility of the nomogram model may potentially 
surpass that of the CHA2DS2-VASc scoring system.
Keywords: acute ischemic stroke, non-valvular atrial fibrillation, nomogram, clinical risk prediction model

Introduction
Atrial fibrillation (AF) is a form of electrophysiological anomaly leading to the loss of synchronized atrial contractions, 
thereby elevating the risk for thrombus formation and cardioembolic ischemic stroke (IS).1 In the United States, from 
2010 to 2030, the projected number of atrial fibrillation cases is expected to rise from 1.2 million to 2.6 million, with the 
incidence increasing from 5.2 per 10,000 people to 12.1 per 10,000 people.2 The overall stroke incidence rate among AF 
patients in China is 24.8%, with NVAF accounting for around 24.2% of cases. A stratified, multi-stage sampling study 
conducted from 2020 to 2021 involving 114,039 residents across 22 provinces, autonomous regions, and municipalities 
in mainland China revealed that the incidence of AF among residents aged ≥18 is 1.6%.3
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Due to the extended average lifespan and the high prevalence of AF-related risk factors, the incidence of AF is anticipated to 
escalate further. AF significantly augments the risk of IS occurrence.4,5 AF patients face a 3–5 times greater risk of AIS compared 
to those without NVAF. Moreover, AF-associated strokes often exhibit higher rates of disability and fatality, resulting in elevated 
hospitalization and mortality rates. Some studies have pointed out that the rhythm control of AF patients is associated with a higher 
hospitalization rate.6 Consequently, the primary focus of AF intervention lies in stroke prevention, chiefly through anticoagulation 
therapy.7 A recent study indicated that there was no significant difference in the major prognosis between AF patients in the 
effective therapeutic range group for warfarin and those in the non-vitamin K antagonist oral anticoagulants (NOACs) group. Both 
of these medications can be considered as the first choice for anticoagulant therapy in AF patients.8,9 Currently, the CHA2DS2- 
VASc scoring system has been predominantly employed to assess the risk of stroke in individuals with AF. This scoring system 
represents the most widely utilized method for stratifying stroke risk in atrial fibrillation patients. Nevertheless, this scoring system 
possesses certain shortcomings, such as its reliance solely on clinical variables, and lack of relevant biomarkers. Additionally, 
despite its high sensitivity to stroke risk prediction, the CHA2DS2-VASc score demonstrates relatively low specificity.10,11 

Research has indicated suboptimal performance of this score in predicting strokes or other ischemic cerebrovascular events in 
real-world settings,12,13 particularly within specific populations, such as those with impaired kidney function and Asian 
patients.14,15

Considering the lower age threshold for increased stroke risk among Asian AF patients, the CHA2DS2-VASc score might 
lead to insufficient anticoagulation treatment in this demographic. Inadequate anticoagulation is a significant factor contribut-
ing to stroke incidence among atrial fibrillation patients.16 As the understanding of AF’s pathophysiology and associated 
biomarkers deepens, Hijazi and colleagues proposed the ABC stroke score—a novel biomarker-based predictive scoring 
system for stroke or systemic embolism risk,17 It remains unaffected by underlying comorbidities. However, the latest 2020 
ESC guidelines do not prioritize the use of the ABC score, as it does not exhibit a clear advantage over the CHA2DS2-VASc 
score in long-term stroke prediction efficacy, thereby constraining its clinical application.18

Currently employed models for predicting stroke risk in atrial fibrillation patients each exhibit limitations. Hence, seeking 
a new predictive model suitable for the region to assess the risk of AIS in NVAF patients could lead to ongoing improvements in 
the model’s performance and enhanced predictive efficacy. Therefore, this study aims to establish a novel clinical prediction 
model for AIS in elderly patients with NVAF by incorporating relevant biomarker indicators.

Methods
Study Subjects
A total of 301 elderly individuals (age > 60 years) were selected consecutively from May 2020 to May 2023 for this investigation 
at the Third Affiliated Hospital of Anhui Medical University. They were patients diagnosed with NVAF. Their clinical data was 
amassed for retrospective analysis. The principle of blinding was applied during data collection, and the clinical data collectors 
were unaware of the purpose and design of this study. At the same time, the assessors of the CHA2DS2-VASc score were also 
unaware of whether AIS had occurred in NVAF patients in this study. Based on the presence of AIS, patients were categorized into 
two groups: the Stroke Cohort (143 cases, NVAF patients with concurrent AIS) and the Non-Stroke Cohort (158 cases, patients 
with isolated NVAF). Inclusion criteria consisted of ① ECG or 24-hour Holter monitoring confirming episodes of atrial 
fibrillation, with patients being above 60 years of age; ② Echocardiography confirming non-valvular heart disease; ③ All stroke 
cases adhered to ischemic stroke diagnostic criteria, confirmed through cranial CT or MRI scans showing cerebral infarction. 
Additionally, the duration of atrial fibrillation exceeded the duration of stroke history; ④ Complete clinical data, especially 
comprehensive biomarker test results. Exclusion criteria encompassed any of the following: ① Hemorrhagic stroke; ② History 
of rheumatic heart disease or echocardiographic evidence of rheumatic heart valve disease; ③ Post-artificial heart valve 
replacement; ④ History of malignancy. (Figure 1).

Guidelines for Diagnosis
The diagnostic criteria for atrial fibrillation align with the relevant standards outlined in the “2023 Chinese Guidelines for 
Atrial Fibrillation Diagnosis and Treatment”. Acute ischemic stroke diagnostic criteria adhere to the relevant standards 
delineated in the “2018 Chinese Guidelines for the Diagnosis and Treatment of Acute Ischemic Stroke”.
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Observational Indices
Patients’ baseline data was retrospectively collected via the hospital’s medical record system. This included age, gender, smoking 
history, alcohol consumption history, comorbidities (hypertension, diabetes, coronary heart disease, stroke, heart failure, 
hyperlipidemia), atrial fibrillation type, and CHA2DS2-VASc score. Additional data collected upon admission encompassed 
blood pressure, fasting laboratory biomarker indices, which included: triglycerides (TG), total cholesterol (TC), HDL-C, low- 
density lipoprotein cholesterol (LDL-C), Lp(a), homocysteine (HCY), fasting blood glucose (FBG), uric acid, serum creatinine 
(Scr), cystatin C, glomerular filtration rate (GFR), D-dimer, neutrophil count (NC), lymphocyte count (LC), platelet count (PLT), 
hematocrit (HCT), and RDW. Furthermore, the neutrophil-to-lymphocyte ratio (NLR) was computed. Echocardiographic 
parameters included: left atrial dimension (LAD), left ventricular end diastolic dimension (LVEDD), and left ventricular ejection 
fraction (LVEF).

Statistic Analysis
Two researchers employed SPSS 26.0 (IBM Corporation, Armonk, NY, USA) for data recording and statistical analysis. The 
LASSO algorithm was implemented utilizing the glmnet package in R version 4.2.2 (Chinese Academy of Sciences). Normally 
distributed numerical variables were presented as mean ± standard deviation (SD), while non-normally distributed variables were 
presented as median (interquartile range). Categorical data was conveyed as frequency (percentage). Variable selection was 
conducted through the LASSO regression algorithm, employing 10-fold cross-validation with a P-value threshold of <0.1. 
Optimal penalty coefficients were determined based on λ (Lambda) corresponding to one standard error, minimizing mean 
squared error (MSE). The model was fitted using binary Logistic regression equation, and internal model validation was carried 
out via bootstrap resampling (1000 iterations). Model performance and calibration were evaluated through the ROC curve, 
calibration curve, and DCA. Furthermore, a nomogram was created to visually present the predictive model. Statistical 
significance was set at α = 0.05 for all tests. All tests were two-tailed, with P < 0.05 considered statistically significant.

Result
Comparison of Baseline Data
Patients in the Stroke Cohort exhibited higher levels of age, proportion with a history of hypertension, stroke history, 
hyperlipidemia, systolic blood pressure, persistent atrial fibrillation, CHA2DS2-VASc score, TC, HDL-C, Lp(a), D-dimer, 

Figure 1 Flow chart of the study selection. 
Abbreviation: NVAF, non-valvular atrial fibrillation.
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NC, NLR, and RDW compared to the Non-Stroke Cohort. These differences attained statistical significance (P<0.05). 
Conversely, LC and GFR were lower in the Stroke Cohort compared to the Non-Stroke Cohort, also exhibiting statistical 
significance (P<0.05). Other variables’ comparisons yielded no statistically significant differences (P>0.05) (Table 1).

Table 1 Comparison of Baseline Data in the Non-Stroke Group and Stroke Group

Variables Non-Stroke  
Group (n=158)

Stroke  
Group (n=143)

P

General clinical data
Age (years) 75.49±8.83 78.74±8.77 0.002*

Male [n (%)] 77(48.7) 69(48.3) 0.933

Smoking [n (%)] 37(23.4) 46(32.2) 0.090
Drinking [n (%)] 31(19.6) 27(18.9) 0.871

Hypertension [n (%)] 100(63.3) 107(74.8) 0.031*

Diabetes [n (%)] 35(22.2) 42(29.4) 0.152
Coronary heart disease [n (%)] 36(22.8) 36(25.2) 0.627

Heart failure [n (%)] 41(25.9) 44(30.8) 0.354

Stroke [n (%)] 31(19.6) 82(57.3) <0.001*
Hyperlipemia [n (%)] 8(5.1) 19(13.3) 0.013*

Systolic pressure (mmHg) 130.40±19.24 143.97±23.87 <0.001*

Diastolic pressure (mmHg) 79.37±14.54 83.04±13.83 0.442
Type of atrial fibrillation

Paroxysmal 82(51.9) 58(40.6) 0.049*

Persistent 76(48.1) 85(59.4) <0.001*
CHA2DS2-VASc score 3.37±1.46 5.39±1.13

Laboratory data

TG (mmol/L) 1.06(0.81,1.45) 1.06(0.83,1.43) 0.987
TC (mmol/L) 3.59(3.05,4.44) 3.81(3.16,4.73) 0.049*

HDL-C (mmol/L) 1.21±0.36 1.10±0.26 0.002*

LDL-C (mmol/L) 2.16±0.79 2.32±0.82 0.098
Lp(a) (mg/L) 139.04(76.10,212.44) 251.71(154.40,426.63) <0.001*

HCY (µmol/L) 14.92(12.46,19.95) 13.91(11.15,17.71) 0.059

FBG (mmol/L) 5.80±1.82 6.03±2.15 0.307
UA (µmol/L) 322.83±95.12 331.96±83.12 0.378

SCR (µmol/L) 82.10±23.45 83.63±18.69 0.528

Cystatin C (mg/L) 1.19(1.05,1.40) 1.23(1.09,1.40) 0.245
GFR (mL/min) 73.52±19.86 68.13±15.10 0.008*

D-dimer (mg/L) 0.39(0.22,0.75) 0.76(0.36,1.62) <0.001*

NC (×109/L) 3.52(2.55,4.51) 4.15(3.43,5.60) <0.001*
MC (×109/L) 0.50±0.21 0.54±0.20 0.109

LC (×109/L) 1.56±0.70 1.37±0.57 0.010*

PLT (×109/L) 183.28±69.49 183.3±52.25 0.998
NLR 2.33(1.69,3.39) 3.21(2.28,5.28) <0.001*

HCT (%) 40.02±4.30 39.68±4.83 0.521

RDW (%) 12.92±0.73 13.68±1.27 <0.001*
Echocardiography data

LAD (mm) 43.18±4.94 44.59±5.20 0.016*
LVEDD (mm) 49.38±4.18 49.29±4.14 0.858

LVEF (%) 62.81±6.51 61.86±6.34 0.201

Note: *P<0.05. 
Abbreviations: TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high- 
density lipoprotein cholesterol; Lp(a), lipoprotein(a); HCY, homocysteine; FBG, fasting blood glucose; SCr, serum 
creatinine; GFR, glomerular filtration rate; NC, neutrophil count; LC, lymphocyte count; PLT, platelet count; HCT, 
hematocrit; RDW, red cell distribution width; NLR, neutrophil-to-lymphocyte ratio; LAD, left atrial diameter; 
LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction.
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LASSO Regression for Predictive Variable Selection
After integrating the 15 significantly different variables from the comparative analysis of atrial fibrillation patients’ 
general characteristics into the LASSO regression, a refined selection resulted in 8 meaningful variables. The outcomes 
of the LASSO regression indicated that systolic blood pressure, stroke history, hyperlipidemia, HDL-C, Lp(a), RDW, 
NLR, and D-dimer were predictive factors for AIS in elderly patients with NVAF (Figure 2A and B).

Binary Logistic Regression
The 8 predictive variables identified through LASSO regression were incorporated into a multivariable binary logistic 
regression. The results revealed that systolic blood pressure, stroke history, hyperlipidemia, Lp(a), RDW, and NLR were 
independent risk factors for AIS in elderly patients with NVAF (P<0.05). HDL-C emerged as a protective factor for AIS 
in elderly patients with NVAF (P<0.05). D-dimer displayed no significant statistical meaning (P>0.05) (Table 2).

Construction and Validation of Predictive Model
Building upon the 6 independent risk factors (systolic blood pressure, history of stroke, hyperlipidemia, Lp(a), RDW, NLR) 
and 1 protective factor HDL-C, as identified through LASSO regression and multivariable logistic regression, a nomogram 
predictive model was established. Each variable was allocated a corresponding score on the x-axis. Summation of scores 
across variables yielded the total score associated with AIS occurrence in NVAF patients. Higher total scores on the x-axis 
corresponded to an increased likelihood of AIS occurrence (Figure 3). For example, consider an NVAF patient with SP of 
130 mmHg, corresponding to a score of approximately 18; Hyperlipidemia, corresponding to a score of approximately 25; 
Lp(a) of 400, corresponding to a score of approximately 35; RDW of 13, corresponding to a score of approximately 20; 

Figure 2 (A and B) Predictor plots screened by least absolute shrinkage and selection operator (LASSO) regression analysis.

Table 2 Multivariate Logistic Regression Analysis of Influencing Factors 
for AIS in Elderly Patients with NVAF

Variables β SE OR (95% CI) P

Systolic pressure 0.027 0.008 1.027 <0.001*

Stroke 1.448 0.335 4.256 <0.001*

Hyperlipemia 1.472 0.582 4.357 0.011*
HDL-C −1.800 0.573 0.165 0.002*

Lp(a) 0.005 0.001 1.005 <0.001*

RDW 0.547 0.195 1.729 0.005*
NLR 0.227 0.088 1.255 0.010*

D- dimer 0.143 0.097 1.154 0.140

Note: *P<0.05. 
Abbreviations: HDL-C, high-density lipoprotein cholesterol; Lp(a), lipoprotein(a); RDW, red 
cell distribution width; NLR, neutrophil-to-lymphocyte ratio.
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NLR of 8, corresponding to a score of approximately 30; HDL-C of 2, corresponding to a score of approximately 25; and 
stroke, corresponding to a score of approximately 24. By adding up the aforementioned scores, the total score is 177. 
According to the corresponding AIS occurrence probability chart, the probability of experiencing MACE is approximately 
90%, and the patient is considered to be at high risk for AIS (Figure 3).

Internal model validation demonstrated that the AUC for the modeling dataset was 0.915, while the validation dataset 
exhibited an AUC of 0.860. This indicates a robust predictive capacity in the model established by this study (Figure 4A). 

Figure 3 Nomogram for predicting the acute ischemic stroke (AIS) in elderly patients with non-valvular atrial fibrillation (NVAF). 
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; RDW, red cell distribution width; Lp(a), lipoprotein(a); systolic pressure, history of stroke, hyperlipidemia; HDL-C, 
high-density lipoprotein cholesterol.

Figure 4 (A) Receiver operating characteristic (ROC) curve of nomogram model in predicting the efficacy of acute ischemic stroke (AIS) in elderly patients with non- 
valvular atrial fibrillation (NVAF) (training sample). (B) ROC curve of nomogram model in predicting the efficacy of AIS in elderly patients with NVAF (validation sample).
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The model’s goodness of fit was assessed using a calibration curve. Results showcased that the slope of predicted 
probability closely aligned with actual probability, highlighting the model’s strong predictive performance (Figure 4B).

DCA was plotted with probability on the x-axis and clinical net benefit rate on the y-axis. Both the modeling and 
validation datasets displayed clinical net benefit rates ranging from 0% to 100% (Figure 5A and B). This suggests a high 
clinical benefit of our model in predicting NVAF patients with concurrent AIS (Figure 5C and D).

Comparison of Nomogram Predictive Model and CHA2DS2-VASc Score Prediction 
Efficacy
Comparative analysis between the nomogram predictive model and CHA2DS2-VASc score revealed that the AUC of the 
nomogram predictive model surpassed that of the CHA2DS2-VASc score (AUC of nomogram predictive model: 0.881, 
95% CI: 0.8430–0.9193, sensitivity: 0.7552, specificity: 0.8797; AUC of CHA2DS2-VASc-60 score: 0.850, 95% CI: 
0.8177–0.8965, sensitivity: 0.7832, specificity: 0.7841) (Figure 6A). The DCA plots for both models exhibited clinical 
net benefit rates spanning 0% to 100%, signifying high clinical utility for both models. (Table 3) (Figure 6B).

Discussion
The risk of AIS among NVAF patients is 3 to 5 times higher than that among individuals without AF, and AF-associated 
strokes tend to be more debilitating and fatal.7 Hence, the focus of AF intervention centers on stroke prevention. While 
CHA2DS2-VASc may be better at identifying truly low-risk patients, its scoring capacity is not discriminatory enough 
for truly high-risk, elderly patients.19 In light of this, the quest for novel predictive models tailored to assessing 
cerebrovascular risk in AF patients can lead to continuous refinement, thereby bolstering predictive efficacy and reducing 

Figure 5 (A) Calibration curve of the training sample. (B) Calibration curve of validation sample. (C) Clinical decision curve analysis (DCA) of training sample for 
nomogram models. (D) Clinical decision curve analysis (DCA) of validation sample for nomogram models.
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stroke rates. The use of additional clinical, laboratory, imaging markers, and novel stroke prediction models may further 
assist in the decision to anticoagulate the AF patient for stroke prevention. This study’s findings indicated that systolic 
blood pressure, history of stroke, hyperlipidemia, Lp(a), RDW, and NLR are independent risk factors for AIS in elderly 
patients with NVAF. HDL-C is identified as a protective factor for AIS in elderly patients with NVAF (P<0.05). 
Furthermore, The predictive utility of the nomogram model may potentially surpass that of the CHA2DS2-VASc scoring 
system.

Before our study, previous research has proposed several alternative stroke prediction models for AF. First is The 
Thrombolysis in Myocardial Infarction-Atrial Fibrillation (TIMI-AF) score. This model is based on the AF-TIMI 48 
randomized clinical trial.20 A single-center retrospective study of NVAF patients indicated that the TIMI-AF score 
outperformed CHA2DS2-VASc in identifying cardiovascular event risk and disabling stroke.21 However, this model is 
primarily focused on patients receiving anticoagulant therapy, and evidence supporting its applicability in untreated 
patients is lacking. Further validation in larger prospective studies is necessary. In comparison, our study’s model 
incorporates inflammation and lipid-related markers and defines applicability to individuals over 60 years old, potentially 
offering higher predictive value.21 Additionally, another predictive model known as The ATRIA (Anticoagulation and 
Risk Factors in Atrial Fibrillation) score, based on the self-titled cohort, was created to better identify those patients at 
highest risk for stroke while also considering bleeding risk.22 This model incorporates renal dysfunction into CHADS2 
and strongly considers age categories.23 It may aid in risk stratification for atrial fibrillation patients with very low to low 
stroke risk (CHA2DS2-VASc score of 0 or 1 [male] and 1 or 2 [female]).24 However, in comparison to our study, this 
model does not include hyperlipidemia, lipid, and inflammation related markers. Furthermore, it lacks substantial 
evidence from large-scale prospective studies, thus requiring further validation of its reliability. Our study builds upon 
previous research on biomarker prediction in NVAF patients and seeks to explore new and improved prediction models 
for assessing AIS risk in NVAF patients. We believe that future research in this direction should prioritize the predictive 
value of lipid and inflammation-related markers.

Figure 6 (A) Comparison of ROC curve between nomogram predictive model and CHA2DS2-VASc score. (B) Comparison of clinical decision curve analysis (DCA) 
between nomogram predictive model and CHA2DS2-VASc score. Model 1: nomogram predictive model. Model 2: CHA2DS2-VASc score.

Table 3 Comparison of ROC Curve Between Nomogram Predictive Model and CHA2DS2-VASc Score

Predictive Model AUC 95% CI Sensitivity (%) Specificity (%) P

Nomogram predictive model 0.8811 0.8430–0.9193 0.7552 0.8797 <0.001*

CHA2DS2-VASc score 0.8571 0.8177–0.8965 0.7832 0.7841 <0.001*

Note: *P<0.05. 
Abbreviations: AUC, area under the curve; CI, confidence interval.
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The present study unveils that the NLR is notably elevated within the stroke-afflicted group when compared to the 
non-stroke cohort, signifying NLR is an independent risk factor for the occurrence of AIS in elderly patients with NVAF. 
The NLR stands as a potential novel inflammatory marker. Within a cohort study conducted by W. SALIBA encom-
passing 32,912 Israeli AF patients, a conspicuous correlation between the NLR and the inaugural occurrence of stroke in 
AF patients has been discerned.25 This association possesses a dose-response pattern, remaining independent from factors 
included in the CHA2DS2-VASc score.25 Furthermore, NLR retains a distinct association with the presence of left atrial 
thrombi and an independent escalation in stroke risk within the AF cohort.13,25–27 The prospective mechanisms under-
lying these interconnections are multifaceted. On one facet, neutrophils contribute to the progress of cerebral infarction 
by secreting a multitude of inflammatory mediators, exacerbating endothelial cell dysfunction, destabilizing the blood- 
brain barrier, and inciting secondary cerebral injuries or hemorrhagic conversions.28–30 On the other hand, heightened 
lymphocyte levels potentiate the upregulation of anti-inflammatory cytokines such as Interleukin (IL)-10, consequently 
repressing inflammatory cytokines like Tumor Necrosis Factor-α and IL-6. This orchestrated interplay engenders an anti- 
inflammatory effect, thereby fostering neural function amelioration.31 Moreover, empirical substantiation underscores the 
notion that lymphocytes harbor neuroprotective attributes. Regulatory T cells and B cells perform a regulatory function in 
AIS, culminating in the mitigation of ischemic tissue volume reduction and the improvement of neural function 
deficiency.32 In culmination, the NLR emerges as a latent prognostic biomarker for the risk of cerebrovascular events 
in atrial fibrillation patients. Within observational studies encompassing NVAF-associated Ischemic Stroke, NLR exhibits 
a correlation with elevated inpatient mortality rates and augmented National Institutes of Health Stroke Scale (NIHSS) 
scores.33 These findings allude to the conceivable utility of NLR as an auxiliary biomarker for stratifying the risk of AIS. 
Therefore, the inclusion of NLR within our model is necessary.

Within this study, it has been ascertained that the RDW emerges as an independent risk factor of AIS occurrence in 
NVAF patients. Within a comprehensive cohort analysis, encompassing a substantial populace, a median follow-up of 
18.8 years revealed a twofold surge in the incidence of AIS among the high RDW subset of NVAF individuals, an 
alignment that resonates harmoniously with the outcomes of the present study.34 The potential mechanisms underlying 
the augmentation of AIS jeopardy in NVAF patients precipitated by heightened RDW are multifarious. Elevated RDW 
levels, indicative of a compromised homeostasis of erythrocytes, might be underpinned by the effects of inflammation 
and oxidative stress. Moreover, an elevated RDW might instigate atrial cell damage, thereby instigating atrial structural 
remodeling and thrombus formation.35 Previous studies have clarified a meaningful correlation between RDW values and 
the CHA2DS2-VASc scoring of NVAF patients, concurrently underscoring RDW as an independent prognosticator for 
elevated CHA2DS2-VASc scores.36 Consequently, it is imperative that we incorporate RDW within our predictive model.

In this study, it has been observed that the levels of Lp(a) conspicuously exceed those of the non-AIS subgroup. The 
outcomes of the logistic regression analysis substantiate Lp(a) as an independent risk factor for AIS occurrence in NVAF 
patients, an alignment that harmonizes with antecedent studies.37,38 Elevated serum Lipoprotein (a) is an identified risk 
element for left atrial thrombosis in the milieu of chronic AF.39 A Mendelian randomization study by Mohammadi- 
Shemirani posits Lp(a) as a latent pathogenic peril associated with atrial fibrillation.40 The precise pathophysiological 
mechanisms by which Lp(a) augments the vulnerability of NVAF patients to AIS remain nebulous, potentially involving 
the following reasons: Lp(a) assumes a role in fomenting inflammatory responses, potentially detracting from atrial 
remodeling and electrophysiological conduction intrinsic to atrial fibrillation.33 The oxidized phospholipids which are 
inclined to conjoin with Lp(a) may upregulate inflammatory mediators such as interleukin-8 and monocyte chemotactic 
protein, thereby exacerbating the inflammatory cascade.33,34 Additionally, due to the structural resemblance between the 
surface of lipoprotein (a) and tissue plasminogen activator, Lp(a) is enabled to perturb fibrinolysis by interfering with 
plasminogen binding.35 Furthermore, Lp(a) is endowed with the capacity to neutralize tissue factor pathway inhibitors, 
which counters thrombogenesis via the extrinsic coagulation pathway.36 Therefore, the conclusions drawn from this study 
are consistent with previous research, supporting the inclusion of these two indicators in our model.

The present study reveals that elevated systolic blood pressure and hyperlipidemia are independent risk factors for the 
occurrence of AIS in patients with NVAF. The 2021 APHRS guidelines indicated that the etiology of AIS in NVAF 
patients is multifaceted, encompassing elevated systolic blood pressure and hyperlipidemia.41 This concurs with the 
findings of our study, underscoring the imperative of rigorously managing lipid levels and blood pressure in elderly 
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individuals with NVAF, and considering pharmacological intervention for those with inadequate control.41 Notably, 
a history of prior stroke independently heightens the likelihood of AIS incidence in NVAF patients. In the subset of 
patients already afflicted by ischemic stroke, the prevalence of prior stroke is higher, which was similar to the outcomes 
in our study.42

Elevated HDL-C levels are regarded in this study as a protective factor against AIS development in NVAF patients. 
Lopez et al in their study encompassing a cohort of 13,969 individuals followed over a mean period of 18.7 years, of 
which 1433 experienced atrial fibrillation, demonstrated that an HDL-C level ≥1.55 mmol/L was a protective factor 
against atrial fibrillation after adjusting for age, gender, and ethnicity.43 Furthermore, prior research has illustrated 
a discernible correlation between HDL-C and the incidence of NVAF-associated cerebral infarction, a finding that 
resonates with our study results.44–46 The precise pathophysiological mechanisms by which HDL-C confers protection 
against AIS in NVAF patients remain to be fully elucidated. However, it is conceivable that HDL-C exerts its effect 
through modulating endothelial functionality, exerting anti-inflammatory and antioxidative influences, inhibiting cellular 
apoptosis, and mitigating platelet activation.

This study introduces an innovative nomogram predictive model for predicting the occurrence of AIS in elderly 
patients with NVAF. Within this model, we have incorporated novel laboratory-associated predictive factors (NLR, 
Lp(a), RDW, HDL-C) alongside clinically pertinent variables (systolic blood pressure, prior history of stroke, hyperli-
pidemia). The proposed model may present superior predictive capabilities than the CHA2DS2-VASc score. This model 
furnishes clinicians with an innovative tool for predicting the risk of AIS in elderly NVAF patients, enabling early 
initiation of anticoagulant therapy to enhance patient prognosis. Currently, anticoagulant therapy for patients with NVAF 
is primarily guided by the CHA2DS2-VASc score. However, the lack of laboratory markers in this scoring system, may 
lead to delays in initiating anticoagulant treatment for some high-risk patients. Our study proposes a new model that 
incorporates four laboratory markers: Lp(a), HDL-C, RDW, and NLR. These are all laboratory markers easily obtainable 
during hospitalization. For patients with a CHA2DS2-VASc score of 0 or 1, which typically does not recommend 
anticoagulant therapy, a reassessment can be conducted using these markers to reduce the risk of thrombosis. This 
approach is particularly applicable for evaluating thrombotic risk in patients without prior cardiac dysfunction or 
diabetes. Moreover, traditional scoring systems entail intricacies during application. By contrast, the proposed scoring 
system’s simplicity, cost-effectiveness, and user-friendly parameter acquisition make it amenable to widespread clinical 
utilization.

Limitations
The present study is subject to the following constraints: 1. This study constitutes a single-center retrospective 
investigation, characterized by a relatively modest sample size, thereby potentially engendering selection bias. 2. The 
study’s failure to discern between distinct atrial fibrillation subtypes has led to an absence of differentiation concerning 
cerebral infarction etiology. 3. The study has omitted previously well-established markers such as cardiac troponin and 
natriuretic peptides, which definitively impact atrial fibrillation-related cerebral infarction. 4. The model has yet to 
stratify the elderly population by age, thus leaving the predictive value across diverse elderly age segments uncertain. 5. 
Previous studies have suggested that race and geographical location can influence the risk of thrombosis. However, since 
this study was conducted at a single center located in a geographically homogeneous area where over 95% of the 
population belongs to the same race, it was difficult to collect data on variables related to different geographic locations 
and races. Further multicenter studies are needed to clarify these factors. 6. This study mainly focused on people over 60 
years old, and thus did not explore the factors that may affect thrombosis risk in different age groups of elderly 
individuals. This is considered one of the limitations of this study.

Future Directions
This study builds upon previous research on biomarker prediction for assessing the risk of AIS in patients with NVAF. It 
aims to explore new and improved predictive models for evaluating AIS risk in NVAF patients. The results of this study 
indicate that lipid and inflammatory markers such as RDW, NLR, HDL-C, and Lp(a) may have predictive value for AIS 
in NVAF patients. Therefore, in future research in this area, the predictive value of lipid and inflammation-related 
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markers in predicting AIS combined with NVAF should be emphasized. Additionally, the proposed predictive model in 
this study needs further validation in future research.

Conclusion
NLR, RDW, Lp(a), SP, history of stroke, hyperlipidemia, and HDL-C emerge as independent prognostic factors for acute 
ischemic stroke in elderly patients with non-valvular atrial fibrillation. The predictive utility of the nomogram model may 
potentially surpass that of the CHA2DS2-VASc scoring system.
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