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Purpose: Obstructive sleep apnea (OSA) is associated with cerebral infarction (CIF) through inflammatory pathways. The neutrophil- 
to-lymphocyte ratio (NLR) serves as an inflammation biomarker, but its relationship with CIF in OSA patients remains unclear.
Methods: A total of 188 OSA patients from The Affiliated Cardiovascular Hospital of Shanxi Medical University (January 2022 to 
December 2023) were included, consisting of 68 patients with CIF (case group) and 120 without CIF (control group). Data on 
admission, biochemical tests, and clinical characteristics were collected and compared. Multivariate logistic regression and 
a nomogram model were employed to identify risk factors, evaluated using receiver operating characteristic (ROC) curves, calibration 
curves and decision curve analysis (DCA).
Results: Elevated log-transformed NLR (LnNLR), CRP, age, and reduced albumin levels were independently associated with 
increased CIF risk. The developed nomogram demonstrated excellent discriminative performance (AUC = 0.9372), superior to 
LnNLR alone (AUC = 0.665). At the optimal cutoff, the model achieved a sensitivity of 82.35% and specificity of 92.50%. 
Calibration plots showed good agreement between predicted and observed outcomes, and DCA confirmed the model’s potential 
clinical utility.
Conclusion: High NLR can be used as an emerging criterion for evaluating CIF risk in OSA. The nomogram model is capable of 
estimating CIF risk accurately, providing useful aid to clinical decision-making. The developed nomogram can be implemented in 
practice as an aid to help healthcare personnel identify high-risk OSA participants who would be offered early intervention in terms of 
increased monitoring and prophylaxis. External validation in larger, multi-center cohorts is warranted.
Keywords: cerebral infarction, obstructive sleep apnea, inflammation neutrophil-to-lymphocyte ratio, nomogram

Introduction
Cerebral infarction (CIF), or ischemic stroke, results from impaired cerebral blood flow due to arterial occlusion, 
stenosis, or embolism, often secondary to atherosclerosis or cardiac sources.1,2 It remains a leading cause of disability 
and mortality worldwide. Obstructive sleep apnea (OSA), characterized by recurrent episodes of upper airway obstruc
tion during sleep, has emerged as an independent risk factor for CIF.3 OSA contributes to vascular dysfunction through 
intermittent hypoxia, oxidative stress, and chronic inflammation, and is frequently comorbid with hypertension, diabetes, 
atrial fibrillation, and dyslipidemia—all of which further elevate cerebrovascular risk.4

OSA and CIF share overlapping pathophysiological mechanisms, including intermittent hypoxia, oxidative stress, 
systemic inflammation, and endothelial dysfunction. These factors promote atherogenesis, arterial plaque instability, and 
thrombus formation, increasing the risk of cerebrovascular events. Inflammatory markers such as C-reactive protein 
(CRP), interleukin-6 (IL-6), and IL-8 are frequently elevated in OSA patients and are known to activate pro- 
inflammatory and pro-thrombotic pathways.5

Among systemic inflammatory indicators, the neutrophil-to-lymphocyte ratio (NLR) has emerged as a simple, cost- 
effective, and reproducible biomarker that captures both neutrophil-mediated inflammation and lymphocyte-mediated 
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immune suppression. Previous studies have demonstrated its predictive value in cardiovascular disease, atrial fibrillation, 
and all-cause mortality.6–8 However, its role in predicting cerebrovascular risk, particularly in OSA patients, remains 
insufficiently explored.

Recent evidence suggests that chronic inflammation may serve as a mechanistic link between OSA and CIF, yet there 
is a lack of clinically applicable tools to quantify this risk. To address this gap, we investigated the independent 
association between NLR and CIF in patients with OSA and developed a novel nomogram model that integrates 
inflammatory (CRP, NLR) and clinical (age, albumin) variables. We hypothesize that elevated NLR significantly 
contributes to CIF risk in OSA and that our model may enhance predictive performance and aid individualized clinical 
decision-making.

Materials and Methods
General Information
This retrospective analysis included 188 patients who were diagnosed with OSA at the Department of Neurology, The 
Affiliated Cardiovascular Hospital of Shanxi Medical University, from January 2022 to December 2023. The case group 
consisted of 68 individuals who had undergone a CIF, while the control group consisted of 120 patients who had not 
(Figure 1). According to the 1964 Declaration of Helsinki and its later revisions, the research was carried out as planned. 
This study was approved by Shanxi Cardiovascular Hospital’s Ethical Committee.

Inclusion criteria: Patients diagnosed with OSA, confirmed by full-night polysomnography (PSG), with an apnea- 
hypopnea index (AHI) ≥ 5 events/hour, in accordance with international guidelines. CIF was diagnosed based on 
standard clinical criteria,9 supported by neurological signs, symptoms, and imaging findings. To ensure temporal 
proximity, only patients whose CIF event occurred within six months before or after the diagnosis of OSA were included 
in the case group. This criterion was applied to minimize misclassification bias and to better reflect the potential 
pathophysiological link between the two conditions.

Exclusion criteria: Patients with severe liver, kidney, or other organ insufficiency, malignant tumors, hematological 
diseases, or those with consciousness or hearing impairments were excluded. Additionally, patients who had difficulty 
communicating with clinical staff, had transmissible infections, or incomplete medical histories were excluded. Patients 
with symptoms of infection, who had recently undergone surgery, or had autoimmune diseases were also excluded.

Clinical and Biochemical Assessment
All patients diagnosed with CIF had their general clinical information gathered from their electronic medical records. 
This included their gender, age, body mass index (BMI), smoking history, HT, alcohol use history, and diabetes mellitus 
(DM). All blood samples were collected in the early morning following 12 hours of fasting under standardized laboratory 
conditions. White blood cell count (WBC) and red blood cell distribution width coefficient of variation (RDW-CV) were 
measured as part of a routine blood test performed on a complete blood count analyzer (Sysmex XT1800i, Sysmex 
Corporation). Albumin (ALB), fasting blood glucose (FPG), total cholesterol (TC), triglycerides (TG), low-density 

Figure 1 Flowchart of participants analyzed in this study.
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lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) were all quantified in a thorough 
biochemical panel. Also measured were C-reactive protein levels. Moreover, PSG’s Apnea-Hypopnea Index (AHI) was 
documented. To get the NLR, we divided the neutrophil count by the lymphocyte count (LYM) and then used the 
constant (e) to do a logarithmic transformation. Variables with P < 0.10 in univariate logistic regression or with known 
clinical relevance were included in the multivariate model.

Data Analysis
Statistical analysis was performed using SPSS (version 22.0). The Shapiro–Wilk test was applied to assess the normality 
of the distribution of continuous variables. Data were presented as mean ± standard deviation (�x � s), and group 
differences were evaluated using or non-parametric Mann–Whitney U-test. Due to the skewed distribution of NLR, 
a natural logarithmic transformation (LnNLR) was applied to improve normality and stabilize variance. Univariate 
logistic regressions were used to analyze for putative predictors of CIF, with subsequent analysis using multivariate 
logistic regression model to identify independent correlates of CIF. A nomogram prediction model based on results of 
analyses of multivariate logistic regressions was created using the rms package (version 4.4.3). Each of the multivariate 
logistic regression coefficients was normalized to a range of 0 to 100 points to serve as a foundation for developing the 
nomogram model. Total scores for all variables were calculated before subsequent conversion to prediction probability.

An ROC curve is a graphical analysis used to assess diagnostic test performance, most notably in medicine. The ROC 
curve illustrates how performance of a continuous diagnostic test varies at all available diagnostic cut-off values by 
comparing sensitivity to specificity at different thresholds. The area under the ROC curve, denoted by AUC, is an 
important overall performance measure of a diagnostic test, with it mirroring how effectively the test identifies disease 
versus non-disease across various thresholds.

The calibration curve of the nomogram was employed to assess the accuracy of the predictive model. The curve was 
constructed by plotting the actual incidence against the predicted probability, with the predicted probability shown on the 
x-axis and the actual incidence on the y-axis. A reference line (y = x) was included as the line of perfect agreement. The 
model’s predictive ability was evaluated by visually inspecting how closely the calibration curve aligns with the 
reference line. A model with a calibration curve closer to this line demonstrates better predictive accuracy. Internal 
validation of the nomogram was conducted using bootstrap resampling (1000 iterations) to assess its predictive accuracy 
and calibration performance.

Results
Clinical Baseline Data
188 patients diagnosed with obstructive sleep apnea were included, comprising 135 males and 53 females. Within the 
studied population, 68 individuals presented with CIF, constituting the case group, whereas 120 individuals were 
identified without CIF, forming the control group. The average age of the CIF group was 61.6 years with a standard 
deviation of 9.6 years, while the non-CIF group exhibited an average age of 57.9 years with a standard deviation of 11.6 
years. No notable variations were detected between the two cohorts regarding gender, BMI, smoking history, hyperten
sion, diabetes mellitus, alcohol intake, WBC, RDW, NED, cholesterol levels, triglycerides, LDL, HDL, and fasting 
plasma glucose (P > 0.05). Nevertheless, notable variations were observed in the mean age, LYM, ALB, AHI, CRP, 
NLR, and logarithmic NLR (LnNLR) (P < 0.05) (Table 1).

Independent Protective and Risk Factors for CIF in OSA
Comprehensive multiple regression analyses were conducted on the variables identified as significant through univariate 
regression analysis. In the context of univariate logistic regression, the variables age, LYM, ALB, AHI, CRP, and LnNLR 
exhibited independent associations with CIF in patients diagnosed with OSA. Nevertheless, following the execution of 
multivariate regression analysis, LYM and AHI ceased to exhibit independent associations with CIF risk. In contrast, age 
(OR, 1.057; 95% CI, 1.006–1.110; P = 0.029), ALB (OR, 0.727; 95% CI, 0.631–0.837; P < 0.001), CRP (OR, 3.289; 
95% CI, 2.173–4.980; P < 0.001), and LnNLR (OR, 4.682; 95% CI, 1.149–19.070; P < 0.001) were identified as 
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significant factors influencing the incidence of CIF in patients with OSA. Among these factors, age, CRP and LnNLR 
were recognized as contributors to the elevated risk of CIF in patients with OSA. Conversely, ALB was identified as 
protective factors, mitigating the risk of CIF. The findings are presented in Table 2 and Table 3, as well as in Figure 2.

Development and Validation of the CIF Predicting Nomogram
In multivariate logistic regression analysis, the variables of age (OR, 1.057; 95% CI, 1.006–1.110; P = 0.029), ALB (OR, 
0.727; 95% CI, 0.631–0.837; P < 0.001), CRP (OR, 3.289; 95% CI, 2.173–4.980; P < 0.001), and LnNLR (OR, 4.682; 
95% CI, 1.149–19.070; P < 0.001) demonstrated independent associations with the CIF. The variables were utilized to 
develop a nomogram aimed at evaluating the risk of CIF (Figure 3). The nomogram was subjected to internal validation 
through the bootstrap method (B = 1000 replications), revealing a high level of accuracy in predicting cumulative 
incidence function risk, evidenced by a concordance index of 0.9372 (95% CI, 0.8990–0.9754). The calibration plots 
demonstrated a strong alignment between the risk estimates provided by the nomogram and the actual cumulative 
incidence function clinical outcomes (Figure 4). The nomogram demonstrated enhanced net benefits in identifying CIF in 
OSA patients when compared to the utilization of LnNLR alone, as well as in both the intervention-for-all and 
intervention-for-none strategies. Moreover, the decision curve analysis (DCA) demonstrated that the nomogram provided 
superior predictive performance for the occurrence of CIF in OSA patients (Figure 5). Compared to using LnNLR alone, 
the nomogram yielded a greater net clinical benefit in identifying CIF among OSA patients, as well as outperformed both 
the treat-all and treat-none strategies. Among the four independent predictors in the final model, age (OR 1.057; 95% CI, 
1.006–1.110) was positively associated with CIF risk, indicating that older OSA patients are at higher risk. Subgroup 
analyses were not feasible due to limited sample size, but future studies should explore potential interactions between 
risk factors across age, sex, and comorbidity strata.

Table 1 Baseline Characteristics of Participants

Characteristics CIF N=68 Non-CIF N=120 t/Z/χ² P value

Male, n (%) 45 (66.2%) 90 (75.0%) 1.669 0.20
Age (years) 61.6±9.6 57.9±11.6 2.310 <0.05*

BMI (kg/m2) 29.89±5.79 28.60±4.20 1.758 0.08

Smoking, n (%) 34 (50.0%) 73 (60.8%) 2.07 0.15
HT, n(%) 40 (58.8%) 60 (50.0%) 1.36 0.716

DM, n(%) 19 (27.9%) 24 (20.0%) 1.55 0.21

Drinking, n(%) 29 (42.6%) 47 (39.2%) 0.21 0.64
WBC (109/L) 6.76 (5.65,7.67) 6.76 (5.33,7.83) −0.156 0.876

RDW-CV (%) 13.36 (12.40,14.07) 13.69 (12.60,14.27) −1.129 0.259
NEU (109/L) 4.23 (3.52,4.93) 4.11 (3.40,5.17) −0.460 0.645

LYM (109/L) 1.77 (1.42,2.05) 2.17 (1.62,2.68) −3.619 <0.001*

TC (mmol/L) 3.88 (2.98,4.55) 4.09 (3.35,4.78) −1.318 0.187
TG (mmol/L) 1.64 (1.09,2.01) 1.83 (1.01,2.13) −0.626 0.531

LDL-C (mmol/L) 2.37 (1.71,2.76) 2.49 (2.02,2.91) −1.532 0.126

HDL-C (mmol/L) 1.02 (0.91,1.11) 1.06 (0.90,1.18) −0.530 0.596
FPG (mmol/L) 5.52 (4.90,5.60) 5.69 (4.65,5.70) −0.314 0.754

ALB (g/L) 37.34±4.45 41.07±3.71 −6.145 <0.001*

AHI (events/h) 30.4 (23.4,38.3) 23.7 (17.60,29.3) 7.015 <0.001*
CRP (mg/L) 7.28(4.95,9.98) 4.38 (3.55,5.17) 4.31 <0.001*

NLR 2.87 (1.88,2.84) 1.91 (1.55,2.26) −4.519 <0.001*

LnNLR 0.91±0.47 0.62±0.42 4.209 <0.001*

Notes: Data are presented as patient mean±standard deviation, median (P25, P75), or number (%). 
Abbreviations: BMI, body mass index; HT, hypertension, DM diabetes mellitus, WBC leukocyte 
count, RDW-CV red blood cell distribution width coefficient of variation, NEU neutrophils, LYM 
lymphocytes, TC total cholesterol, TG triglyceride, LDL-C low density lipoprotein cholesterol, HDL- 
C high density lipoprotein cholesterol, FPG fasting plasma glucose, ALB albumin, AHI Apnea- 
Hypopnea Index, CRP C-reactive protein, NLR neutrophil-to-lymphocyte ratio, LnNLR logarithmic 
conversion of NLR, *P value < 0.05.
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ROC Curve Analysis of LnNLR and Nomogram Computational Model
The nomogram model achieved an AUC of 0.9372 (95% CI: 0.8990–0.9754), which was significantly higher than that of 
LnNLR alone (AUC = 0.665, 95% CI: 0.584–0.747) (Figure 6). At the optimal cut-off value of 0.436, the nomogram 
demonstrated a sensitivity of 82.35% and specificity of 92.50%, indicating strong discriminative ability. Compared with 
LnNLR alone, which showed moderate sensitivity and limited specificity, the integrated model offers a more balanced 
performance in correctly identifying both CIF and non-CIF cases among OSA patients. This balance between sensitivity 
and specificity enhances the clinical utility of the model in early risk stratification.

Table 2 Univariate Logistic Regression Analysis

Characteristics Unadjusted

OR 95% CI P value

Male 0.652 0.340 1.250 0.198

Age 1.032 1.004 1.062 0.024*
BMI 1.017 1.959 1.078 0.575

Smoking 1.553 0.852 2.821 0.151

HT 0.681 0.372 1.245 0.212
DM 1.551 0.775 3.102 0.215

Drinking 1.087 0.593 1.994 0.787

WBC 1.000 0.857 1.166 0.997
RDW-CV 0.873 0.716 1.065 0.181

NEU 1.084 0.856 1.372 0.503

LYM 0.464 0.292 0.737 0.001*
TC 0.824 0.613 1.107 0.199

TG 0.856 0.644 1.139 0.286

LDL-C 0.774 0.516 1.163 0.217
HDL-C 0.548 0.164 1.828 0.328

FPG 0.942 0.782 1.134 0.527

ALB 0.793 0725 0.866 <0.001*
AHI 1.148 1.094 1.205 <0.001*

CRP 3.034 2.088 4.407 <0.001*

LnNLR 4.779 2.103 10.861 <0.001*

Abbreviations: BMI body mass index, HT hypertension, DM diabetes 
mellitus, WBC leukocyte count, RDW-CV red blood cell distribution 
width coefficient of variation, NEU neutrophils, LYM lymphocytes, TC 
total cholesterol, TG triglyceride, LDL-C low density lipoprotein cho
lesterol, HDL-C high density lipoprotein cholesterol, FPG fasting 
plasma glucose, ALB albumin, AHI Apnea-Hypopnea Index, CRP 
C-reactive protein, NLR neutrophil-to-lymphocyte ratio, LnNLR loga
rithmic conversion of NLR, *P value < 0.05.

Table 3 Multivariate Logistic Regression Analysis

Characteristics Model 1 Model 2

OR 95% CI P value OR 95% CI P value

Age 1.059 1.008 1.114 0.024* 1.057 1.006 1.110 0.029*

ALB 0.726 0.630 0.837 <0.001* 0.727 0.631 0.837 <0.001*
AHI 0.973 0.891 1.063 0.549

CRP 3.502 2.195 5.587 <0.001* 3.289 2.173 4.980 <0.001*

LnNLR 4.735 1.160 19.324 <0.001* 4.682 1.149 19.070 <0.001*

Notes: Model 1 was adjusted for Age, ALB, AHI, CRP and LnNLR. Model 2 was adjusted for Age, ALB, CRP and 
LnNLR. 
Abbreviations: ALB albumin, AHI Apnea-Hypopnea Index, CRP C-reactive protein, LnNLR logarithmic conversion of 
NLR, *P value < 0.05.
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Discussion
This study highlights the crucial role of systemic inflammation, particularly an elevated NLR, in the pathogenesis of CIF 
in patients with OSA. Our analysis identified LnNLR as an independent risk factor for CIF (OR, 4.682; 95% CI, 
1.149–19.070; P < 0.001), underscoring the contribution of chronic immune dysregulation and persistent low-grade 
inflammation to cerebrovascular injury. NLR, a composite biomarker reflecting neutrophil-driven inflammation and 

Figure 2 Forest plot of independently associated factors for CIF in OSA.

Figure 3 Nomogram predicting CIF risk in OSA patients.

Figure 4 Calibration curves for the nomograms.
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lymphocyte-mediated immune suppression, has gained recognition for its predictive value in cardiovascular and 
cerebrovascular diseases.7,10,11 Earlier research has identified NLR as a potential prognostic marker for ischemic stroke, 
indicating that elevated NLR levels correlate with heightened risks of early delirium, mortality, and unfavorable 
functional outcomes in individuals affected by ischemic stroke.12–14 Our findings extend this association to the OSA 
population and support NLR’s use as a valuable biomarker for early risk stratification.

Figure 5 The decision curve analysis (DCA) of the nomogram’s calculation model.

Figure 6 ROC curve analysis of LnNLR and nomogram computational models.
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Systemic inflammation in OSA is driven by repetitive hypoxia-reoxygenation cycles and sleep fragmentation, which 
activate transcription factors, resulting in the upregulation of pro-inflammatory cytokines.15–17 The inflammatory mediators are 
essential in the processes of endothelial dysfunction, the compromise of the blood-brain barrier, and the remodeling of vascular 
structures.18 Moreover, increased levels of CRP, recognized as an independent risk factor (P < 0.001), indicate the persistent 
influence of chronic inflammation and its harmful impact on vascular stability. CRP has been associated with the promotion of 
plaque instability and thrombogenesis, consequently heightening the risk of ischemic events in susceptible individuals.19

Our findings align with previous studies reporting an association between systemic inflammation and an increased 
incidence of atrial fibrillation in OSA patients,8 a condition known to elevate CIF risk by 3- to 5-fold. Inflammation- 
induced atrial remodeling and autonomic imbalance may serve as a mechanistic link between OSA and atrial fibrillation, 
suggesting that the inflammatory state in OSA not only directly contributes to cerebrovascular damage but may also 
predispose patients to cardioembolic events.20

In our study, age was independently associated with an increased risk of CIF among OSA patients (OR = 1.057; 95% 
CI: 1.006–1.110). This finding is consistent with established clinical knowledge that advancing age is a major non- 
modifiable risk factor for cerebrovascular disease. Age-related vascular changes—such as increased arterial stiffness, 
endothelial dysfunction, and impaired cerebral autoregulation—contribute to heightened vulnerability to ischemic events. 
Moreover, older individuals with OSA may have accumulated vascular risk burden over time, including comorbidities 
like hypertension, atrial fibrillation, and diabetes, which synergistically amplify cerebrovascular risk. Our results support 
the inclusion of age as a critical variable in cerebrovascular risk prediction models among OSA populations.20

In addition, serum albumin (ALB), a negative acute-phase reactant, was found to be inversely associated with CIF 
risk in our study. While low ALB levels are often indicative of malnutrition or systemic illness, emerging evidence 
suggests that hypoalbuminemia may reflect a state of heightened oxidative stress and impaired vascular protection. 
Albumin possesses several physiological properties relevant to cerebrovascular health, including antioxidant capacity, 
free radical scavenging, and endothelial stabilization.21 It also exerts antiplatelet effects and maintains oncotic pressure, 
thereby reducing the risk of vasogenic edema formation.22 Mechanistically, albumin has been shown to modulate 
inflammation by binding and neutralizing pro-inflammatory molecules and preserving capillary integrity during ischemic 
insults. Clinical studies have reported that lower serum albumin levels are associated with increased stroke severity, 
infarct volume, cerebral edema, and mortality.23,24 In our cohort, ALB was independently protective, suggesting that 
preserved albumin levels may counteract inflammatory and thrombotic processes in OSA-related CIF. This finding 
underscores the potential role of ALB not only as a biomarker of systemic condition but also as a modifiable factor that 
could be targeted through nutritional or anti-inflammatory interventions. Further research is warranted to explore whether 
improving serum albumin levels—via nutritional support or anti-inflammatory therapies—may reduce cerebrovascular 
risk, particularly in vulnerable OSA populations.

NLR is a practical and accessible biomarker, its non-specificity limits its discriminatory value in patients with other 
inflammatory or chronic comorbidities. Considering OSA’s complex pathophysiology and multifaceted effect on cere
brovascular health, an individual biomarker would be unlikely to truly account for CIF risk. To address this, we 
developed a nomogram incorporating age, ALB, CRP, and LnNLR. The model demonstrated excellent discriminative 
ability (AUC = 0.9372), significantly outperforming LnNLR alone (AUC = 0.665). At the optimal cut-off (0.436), the 
nomogram achieved a sensitivity of 82.35% and specificity of 92.50%, indicating a favorable balance in identifying true 
positives and minimizing false positives. This sensitivity-specificity trade-off supports its utility in clinical screening and 
individualized decision-making. Moreover, calibration plots showed good agreement between predicted and observed 
outcomes, and DCA confirmed the net clinical benefit of the model over both treat-all and treat-none strategies.

The findings of our study highlight the importance of systemic inflammation—particularly elevated NLR and CRP levels 
—in predicting CIF risk among patients with OSA. However, several limitations should be acknowledged. First, this was 
a retrospective, single-center analysis based on clinically collected data, which may introduce selection bias and limit the 
generalizability of our findings. Second, the overall sample size was relatively small (n = 188), and larger, prospective studies 
are warranted to confirm the robustness of our results. Third, while internal validation using bootstrap resampling and 
decision curve analysis demonstrated strong model performance, external validation with independent, multi-center cohorts 
is necessary to confirm the reliability and applicability of the nomogram in broader clinical settings. Fourth, NLR and CRP 
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were assessed only at baseline, which may not reflect dynamic fluctuations during disease progression or therapeutic 
intervention. Inflammatory activity in OSA is known to vary over time, especially in response to CPAP therapy, comorbidity 
progression, or acute events. Future prospective studies should incorporate serial biomarker measurements at defined time 
points (eg, day 0, 7, 14, 30, and 90) to better characterize the temporal evolution of systemic inflammation and its relationship 
with CIF risk. Such dynamic profiling could help identify critical windows for risk prediction and intervention, and improve 
the understanding of inflammation-mediated stroke pathophysiology in OSA. Finally, several clinically relevant confounding 
variables—such as medication use (eg, statins or antiplatelet drugs), OSA duration and severity, and comorbid inflammatory 
diseases (eg, IL-6 and fibrinogen)—were not fully adjusted for in our model due to data limitations. Future research should 
incorporate these factors to further enhance model accuracy. Moreover, studies with larger and more diverse populations 
would allow for formal subgroup and sensitivity analyses. Stratifying patients by sex, OSA severity, or comorbid conditions 
could help uncover potential heterogeneity in inflammatory responses and cerebrovascular risk, offering deeper insights into 
patient-specific mechanisms and enhancing the precision of risk prediction. Overall, large-scale, prospective, multicenter 
studies are needed to validate and refine inflammation-based prediction models for individualized cerebrovascular risk 
assessment in OSA patients.

Conclusion
Our results suggest that increased NLR levels can be used as an indirect biomarker for CIF in patients with OSA. The 
nomogram is an algebraic model that combines various independent correlates and is capable of forecasting CIF risk in 
OSA patients. This instrument can help health care professionals to identify high-risk OSA patients. It is postulated that 
an important role in CIF in OSA is played by inflammation. NLR is presented as an economical, non-invasive biomarker 
to predict CIF risk in OSA. Large-scale prospective studies need to be conducted to evaluate OSA’s interaction with CIF 
through inflammation and support clinical decision-making.

Abbreviations
OSA, obstructive sleep apnoea; NLR, neutrophil-to-lymphocyte ratio; ROC, receiver operating characteristic; 
DCA, decision curve analysis; AUC, area under the ROC curve; CRP, C-reactive protein; TNF-α, tumour necrosis 
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