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J-shaped association of neutrophil-to-lymphocyte ratio with all-cause mortality and linear association with cardiovascular mortality in stroke survivors
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Background: The correlation between systemic inflammation and stroke has been well-established. Notably, the neutrophil-to-lymphocyte ratio (NLR) has been linked to poor outcomes and increased short-term mortality in acute ischemic stroke (AIS). This study aims to explore the association between NLR and long-term mortality among stroke survivors.

Methods: This study analyzed data from 1,229 stroke survivors enrolled in the National Health and Nutrition Examination Survey (NHANES) from 2001 to 2018. The participants were categorized according to quartiles of NLR level. Multivariate Cox regression and restricted cubic splines (RCS) were applied to evaluate the relationship between NLR and all-cause and cardiovascular disease (CVD) mortality.

Results: Over a median follow-up of 6.41 years, 485 deaths were recorded. After multivariate adjustment, individuals in the highest NLR quartile (Q4) demonstrated significantly higher risks of all-cause mortality (hazard ratio [HR] = 1.58, 95% confidence interval [CI]: 1.06–2.34) and CVD mortality (HR = 1.90, 95% CI: 1.07–3.37) compared to those in the lowest quartile (Q1). RCS analysis revealed a J-shaped relationship between NLR and all-cause mortality and a linear relationship with CVD mortality.

Conclusion: These findings suggest a J-shaped association between NLR and all-cause mortality, along with a linear relationship between NLR and CVD mortality in stroke survivors.

Keywords
 J-shaped; stroke survivors; all-cause mortality; cardiovascular mortality; neutrophil-to-lymphocyte ratio


1 Introduction

Stroke, a global health concern, is linked with high disability and mortality rates. Recognized risk factors include alcohol intake, smoking, and hypertension, contributing to stroke mortality (1). Annually, approximately 6 million people worldwide die from stroke, accounting for over 10% of total global mortality (2). In China, a cross-sectional survey across 31 provinces reported age-standardized prevalence and mortality rates of 1,114.8 per 100,000 individuals and 114.8 per 100,000 person-years, respectively (3). The growing aging population has led to a steady rise in stroke incidences, posing an increasing threat to public health.

Previous studies have linked systemic inflammation with increased mortality at 3 months or during hospitalization, as well as symptomatic intracerebral hemorrhage in acute ischemic stroke (AIS) patients treated with intravenous thrombolysis or mechanical thrombectomy (4). Further research has suggested that systemic inflammation serves as a predictor for poor AIS and intracerebral hemorrhage outcomes (4, 5). The neutrophil-to-lymphocyte ratio (NLR), a ratio between neutrophil and lymphocyte counts, is a widely accepted marker for systemic inflammation (6) and is pivotal in evaluating conditions such as AIS, coronary heart disease (CHD), cancer, sepsis, COVID-19 pneumonia, and other types of pneumonia (7). However, limited research has delved into the correlation between NLR and long-term mortality in stroke survivors.

This study utilizes data from the National Health and Nutrition Examination Survey (NHANES) to investigate the relationship between NLR levels and long-term all-cause and cardiovascular disease (CVD) mortality in stroke survivors.



2 Methods


2.1 Study sample and design

The NHANES includes interviews and physical examinations across five primary components: demographic information, laboratory results, physical examinations, dietary assessments, and questionnaire responses. A total of 91,351 individuals were surveyed between 2001 and 2018. After applying the exclusion criteria, 1,229 participants were included in this study (Figure 1). Exclusion criteria involved missing or denied stroke data (n = 89,276), missing lymphocyte data (n = 263), missing mortality data (n = 4), and other missing covariate data (n = 218), additionally, stroke survivors with potential acute infections (n = 190) and those with rheumatoid arthritis (n = 171) were excluded.
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FIGURE 1
 Flow chart of the study population.


A white blood cell (WBC) count >10 × 109/L was considered an indicator of a potential acute infection.



2.2 Assessment of stroke

Stroke diagnosis was based on self-reports during in-person interviews, where participants were asked if a healthcare provider had ever informed them of having a stroke. Individuals responding “yes” to the question, “Has a doctor or health professional ever diagnosed you with a stroke?” were classified as having a stroke. While this method is practical for large-scale surveys, it is important to recognize that self-reported data are subject to recall bias, which may impact the study’s findings.

The study period spanned from the time of stroke diagnosis upon NHANES enrollment to the end of follow-up on December 31, 2019.

Cause-specific mortality was ascertained by ICD-10. CVD death was defined as ICD-10 codes I00-I09, I11, I13, I20-I51, and I60-I69.



2.3 Variables

The criteria for selecting adjusted variables were determined through a consideration of biological factors and a review of existing literature on the topic.

In this study, the key exposure variable was the NLR. The outcome of interest was all-cause mortality, ascertained through linkage of NHANES data with the National Death Index records up to December 31, 2019.

Covariates were divided into three categories: demographic data, medical conditions, and examination results. Demographics included age, sex, race, marital status, and education. Medical conditions encompassed hypertension (defined as a history of physician-diagnosed hypertension, average systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or current antihypertensive medication use), diabetes mellitus [physician-diagnosed diabetes, hemoglobin A1c ≥ 6.5%, random blood glucose ≥11.1 mmol/L, fasting glucose ≥7.0 mmol/L, 2-h oral glucose tolerance test (OGTT) ≥ 11.1 mmol/L, or current diabetes medication/insulin use], impaired fasting glucose (IFG: fasting glucose 5.6–7.0 mmol/L), and impaired glucose tolerance (IGT: 2-h OGTT 7.8–11.0 mmol/L or hemoglobin A1c 5.7–6.5%). Obesity was characterized by body mass index (BMI): underweight (<25 kg/m2), overweight (25–30 kg/m2), or obese (≥30 kg/m2). Other conditions included chronic obstructive pulmonary disease (COPD) (FEV1/FVC < 0.7 post-bronchodilator, self-reported, or specific medication use), coronary heart disease (CHD), chronic kidney disease (CKD), and hyperlipidemia. Blood examination parameters were red cell distribution width (RDW), platelet (PLT) count, albumin (Alb), uric acid (UA), creatinine (CR), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C), with LDL-C calculated using the Friedewald equation [LDL-C = TC − high-density lipoprotein cholesterol (HDL-C) − (triglycerides (TG)/5)] (8).




3 Statistical analysis

This study accounted for NHANES’s complex sampling design and utilized mobile examination center (MEC) weights in all analyses. Baseline characteristics were presented as means and standard deviations (SD) for continuous variables, and frequencies (percentages) for categorical variables. NLR was analyzed as both a categorical variable (quartiles) and a continuous variable. Student’s t-tests were used to compare continuous variables, and chi-square tests were employed for categorical variables across the NLR quartile groups. Cox proportional hazards regression models were used to estimate hazard ratios (HRs) and their 95% confidence intervals (CIs) for the associations between NLR and all-cause or cardiovascular disease (CVD) mortality.

Statistical inferences were based on three models: Model 1 included no adjusted variables. Model 2 incorporated age, sex, marital status, education, and race. Model 3 included all variables from Model 2, as well as BMI, smoking status, history of hypertension, DM, CKD, CHD, COPD, cancer, hyperlipidemia, and blood examination results (RDW, PLT, Alb, UA, CR, TC, LDL-C).

This study stratified participants based on age (individuals over 60, individuals under 60), sex (male, female), race (white, black, others), education level (<high school, high school, college or above), marital status (married, divorced, widowed, others), BMI (<25, 25–30, ≥30 kg/m2), smoking status (never, former, current), history of hypertension (yes, no), history of diabetes (DM, IFG, IGT, no), history of CKD (yes, no), history of CHD (yes, no), history of hyperlipidemia (yes, no), and history of COPD (yes, no). An analysis of stratification explored the correlation between NLR and all-cause mortality.

Multivariable Restricted cubic spline (RCS) regression models were employed to flexibly model the association between NLR and all-cause or CVD mortality. The inflection point of NLR served as the reference value (9, 10). This inflection point was subsequently used to categorize participants into higher-NLR and lower-NLR groups. Based on these inflection point, we conducted segmented Kaplan–Meier analysis, multivariable Cox proportional hazard analyses.

Statistical analyses were conducted using R Studio version 4.3.1, and statistical significance was defined as p < 0.05.



4 Results


4.1 Baseline characteristics

The data analyzed was sourced from 1,229 stroke survivors from a population sample of 5,611,807 participants. Over a median follow-up period of 6.410 years [interquartile range (IQR), 3.166–10.000], there were 485 recorded deaths. NLR was divided into quartiles: Q1 (<1.588), Q2 (1.588–2.143), Q3 (2.143, 2.900), Q4 (≥2.900). Table 1 presents the baseline characteristics according to the NLR quartiles. The analysis showed that participants with higher NLR levels were typically older males of white race, with CKD, hypertension, COPD, CHD, smoking habits, higher mortality, and increased creatinine and RDW concentrations. They also had lower Alb and TC concentrations (Table 1, all p < 0.05). However, education, marital status, history of DM, history of hyperlipidemia, PLT count, UA concentration, and BMI showed no significant difference across the NLR quartiles.



TABLE 1 Baseline characteristics of study participants based on the NLR quartile.
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4.2 Association between NLR and all-cause in stroke survivors

During the follow-up period, 485 deaths occurred from all causes, with 194 attributed to CVD. A univariate Cox regression analysis (Supplementary Table S1) indicated that a higher NLR level was associated with increased all-cause mortality.

The NLR was analyzed both as a continuous and a categorized variable (four groups) (Table 2). In the continuous model, after multivariate adjustments, the results for Model 1 were HR = 1.27, 95%CI = 1.16–1.39, p < 0.0001, for Model 2 were HR = 1.20, 95%CI = 1.10–1.30, p < 0.0001, and for Model 3 were HR = 1.16, 95%CI = 1.07–1.26, p < 0.001.



TABLE 2 Multivariable Cox regression analyses demonstrating independent associations of NLR and mortality among stroke.
[image: Table2]

As a categorized variable, patients in the 4th quartile had an increased HR compared to those in the 1st quartile. For Model 1, HR = 2.39, 95%CI = 1.69–3.39, Ptrend < 0.0001; for Model 2, HR = 1.75, 95%CI = 1.26–2.42, Ptrend < 0.0001; for Model 3, HR = 1.58, 95%CI = 1.06–2.34, Ptrend = 0.01.



4.3 Association between NLR and CVD mortality in stroke survivors

To analyze the correlation between NLR and CVD mortality in stroke survivors, the NLR was examined both as a continuous and a categorized variable (four groups) (Table 2). In the continuous analysis, following multivariate adjustments, significant associations were identified in Model 1 (HR = 1.27, 95%CI = 1.15–1.39, p < 0.0001), Model 2 (HR = 1.17, 95%CI = 1.05–1.31, p = 0.005), and Model 3 (HR = 1.16, 95%CI =1.05–1.28, p = 0.004).

When categorized into four groups, the NLR was also insightful. Participants in the 4th quartile had an elevated HR compared to those in the 1st quartile. This was observed in Model 1 (HR = 2.68, 95%CI = 1.57–4.57, Ptrend < 0.001), Model 2 (HR = 1.92, 95%CI = 1.15–3.23, Ptrend = 0.005), and Model 3 (HR = 1.90, 95%CI = 1.07–3.37, Ptrend = 0.03).



4.4 Non-linear association NLR and all-cause mortality/CVD mortality

Using the multivariable-adjusted RCS model (Model 3), the relationship between NLR levels and all-cause mortality was found to exhibit a J-shaped curve in stroke survivors (p = 0.0267 for non-linearity). The all-cause mortality reached an inflection point at an NLR of 1.353 (Figure 2). In contrast, there was a linear relationship between the NLR level and CVD mortality (p = 0.9921 for non-linearity, Figure 3). Upon review of the Kaplan–Meier survival curves, it was noted that stroke survivors in the 4th quartile for the NLR level experienced significantly higher all-cause (Figure 4) and CVD mortality rates (Figure 5) in subsequent years (log rank p < 0.0001).
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FIGURE 2
 Restricted cubic splines (RCS) showed that the relationship between the NLR level and all-cause mortality presents a J-shaped curve for stroke survivors.
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FIGURE 3
 Restricted cubic splines showed that between the NLR level and CVD mortality presents a linear relationship for stroke survivors.


[image: Figure 4]

FIGURE 4
 KM curve of survival probability of stroke survivors comparing with NLR levels in all-cause mortality.
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FIGURE 5
 KM curve of survival probability of stroke survivors comparing with NLR levels in CVD mortality.




4.5 Subgroup and stratification analyses between NLR and all-cause mortality

Subgroup and stratification analyses found consistent results across different variables such as age, sex, race, marital status, smoking status, history of CHD, history of DM, history of CKD, BMI, history of hyperlipidemia, history of hypertension, and history of COPD (all P interaction >0.05, Supplementary Table S2).

Additionally, the 4th NLR group showed positive associations with all-cause mortality, particularly in participants aged ≥60 years, BMI ≥ 30 kg/m2, white or black race, females, married individuals, non-smokers, and those with a history of hyperlipidemia and hypertension but without a history of CHD, COPD, and CKD (Supplementary Table S3).



4.6 Predictive value of NLR for all-cause mortality

The optimal NLR inflection point was 1.353. Stroke survivors were categorized into the higher group (NLR > 1.353, n = 1,036) and the lower group (NLR ≤ 1.353, n = 193).

Kaplan–Meier survival rates for all-cause mortality differed between the higher-NLR and lower-NLR groups (p = 0.019), and the survival rate was lower in the higher-NLR group (Supplementary Figure S1).

To the left of this inflection point, all-cause mortality HRs were 0.362 (95%CI: 0.061, 2.148; p = 0.263), while to the right, the HRs were 1.177 (95%CI: 1.095, 1.264; p < 0.0001) (Table 3).



TABLE 3 The results of two-piecewise linear regression model between NLR level and all-cause mortality.
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5 Discussion

This study found a J-shaped association between NLR and all-cause mortality, with the 4th quartile (Q4) showing a higher mortality rate and the lowest risk at an NLR level of 1.353. Meanwhile, a linear relationship was observed between NLR level and CVD mortality. To our knowledge, this is the first study to explore these relationships specifically in stroke survivors.

Neutrophil-to-lymphocyte ratio is a widely recognized biomarker for systemic inflammation (6). Previous suggestions have proposed the use of systemic inflammatory markers to predict short-term and in-hospital mortality in AIS patients (7, 11). A prior meta-analysis including 27,124 participants found a significant association between higher NLR and an increased risk of mortality in acute stroke patients (AIS and acute hemorrhagic stroke) (12). NLR has also been linked to mortality outcomes in other conditions such as myocardial infarction, CHD, cancer, stroke, and sepsis (6, 12–14).

Stroke is primarily preventable through the anti-platelet therapy. However, certain studies have suggested that a high NLR level could potentially inhibit anti-platelet therapy among CVD patients (14). Additionally, previous research has identified associations between higher NLR levels and an increased risk of stroke or recurrent CVD (15, 16). Furthermore, NLR has been recognized as an independent risk factor for atherosclerosis in carotid, coronary, and peripheral arteries (17–19). In atherosclerosis, inflammation primarily affects the endothelium of the arterial wall (20). Within the plaque, various inflammatory cells are found, including activated lymphocytes (21). Neutrophils can release biologically active substances that contribute to plaque instability and vulnerability (22). This can adversely impact the prognosis of patients with atherosclerosis. A significant correlation has been identified between NLR and non-calcified plaques (23, 24), which compared to calcified plaques, are generally considered more unstable and susceptible to rupture. Thus, an elevated NLR could indicate plaque vulnerability, reflecting the potential risk of plaque rupture and subsequent cardiovascular events. Consequently, a heightened NLR may be linked to an increased risk of CVD mortality.

Post-stroke pathophysiology includes immune system dysfunction. Prior research has indicated that stroke survivors often exhibit higher levels of inflammatory markers compared to individuals without stroke (25). Stroke survivors suffering from post-stroke depression (PSD) and post-stroke fatigue (PSF) typically have higher NLR levels than those without these conditions (26, 27), suggesting worse outcomes for those with a higher NLR level. Indeed, our study reinforces the observation that a higher NLR level (Q4) is a strong predictor of mortality in stroke survivors. The NLR reflects the balance between neutrophils and lymphocytes. Stroke survivors with a higher NLR level often exhibit a stronger innate immune response (neutrophils) and a weaker adaptive cellular immune response (lymphocytes) (28). This imbalance can lead to excessive inflammation activation and immunosuppression (29).

Our study carries several strengths. Firstly, NLR is a low-cost blood-based biomarker, making it a potentially useful initial indicator for assessing long-term mortality risk in stroke survivors. Secondly, previous studies have confirmed dynamic fluctuations of NLR in patients with acute stroke (30), with most studies measuring NLR at or within 48 h of admission (6, 12). Our study, using data from NHANES, included NLR measures taken by stroke survivors themselves.

However, several limitations should be acknowledged. Firstly, blood examinations were taken at a single point in time, limiting their reflection of ongoing health conditions in stroke survivors. Secondly, our study lacks specific information about anti-platelet and other medication usage, which could have influenced the outcome. Thirdly, potential bias may be introduced due to self-reported health-related disease factors. Fourth, the lack of variables (National Institutes of Health Stroke Scale [NIHSS], stroke complications) in the NHANES data may have impacted the ability to fully assess the relationship between NLR and mortality. Finally, the small sample size of stroke survivors in our study may also have biased the results.



6 Conclusion

In conclusion, using NHANES data, this study suggests a J-shaped relationship between NLR and all-cause mortality, with the optimal NLR level being 1.353 for stroke survivors. Our findings indicate that NLR could be a valid biomarker for identifying high-risk mortality cases in stroke survivors.
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The Model 1 was not an adjusted variable. The Model 2 included the following variables: age, sex. Model 3 included model 2 variables, Ethnicity, Marital, BMI (Body Mass Index), smoke,
history of hypertension, DM (diabetes mellitus), CKD (chronic kidney disease), CHD (coronary heart disease), COPD (chronic obstructive pulmonary disease), Hyperlipidemia, WBC (white

blood Cell count), Platelet (PLT), albumin (Alb), uric acid (UA), creati

ine (CR), total cholesterol (TC), LDL-C (low-density lipoprotein cholesterol).
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Adjusted for the variables included demographic variables (age, sex, marita status, education, and race), BMI, smoke, history of hypertension, DM, CKD, CHD, COPD, cancer, hyperlipidemia,
and blood examination [red cell distribution width (RDW), Platelet (PLT), albumin (Alb), uric acid (UA), creatinine (CR), total cholesterol (TC)].
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