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Background: Neural mechanisms are important in asthma, and serum neurofilament light chain (sNfL) is a biomarker of neuronal damage. This study investigated the correlation between sNfL and asthma.

Methods: This cross-sectional study was based on NHANES data and used multiple logistic regression analysis, subgroup analysis, and smoothed curve fitting to explore the relationship between sNfL and asthma. Covariate selection was validated using the variance inflation factor (VIF).

Results: The study involved 1773 participants. Results showed that Ln-sNfL (OR = 1.39, 95% CI: 1.03–1.88, p = 0.0325) was positively associated with asthma. Subgroup analyses showed that age, gender, race, education level, marital status, family income, BMI, alcohol use, smoking, diabetes, hypertension and PAMs did not affect the positive association between sNfL and asthma (p > 0.05) (FDR corrected p > 0.1). E-value analysis suggested robustness to unmeasured confounding.

Conclusion: There is a positive correlation between sNFL and asthma, and further large-scale and prospective studies are needed to replicate our results and assess the ability of sNfL to predict asthma.
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1 Introduction

Asthma is a very common chronic disease worldwide (1), key features include airway hyperresponsiveness and changes in airway mucus quantity and quality (2–4). More than 300 million people worldwide suffer from asthma and it causes about 495,000 deaths each year, reflecting the fact that asthma has become a serious public health problem (5, 6). However, the pathogenesis of asthma is not yet fully understood (7). A growing body of research in recent years has shown that neural mechanisms have an important impact on asthma (8–11). Velden et al. (12) demonstrated in their work that neurogenic mechanisms may play a role in the pathophysiology and pathogenesis of asthma and that the neural regulation of the airways may be aberrant in asthmatics. Therefore, further understanding of the impact of neural mechanisms on asthma is essential for asthma prevention and management.

The most prevalent cytoskeletal element of mature neurons is made up of neuron-specific cytoskeletal fibers called neurofilaments (NfL) (13, 14). Neurofilaments (NfL) are composed of three distinct chains: light, medium and heavy, which are discharged into the surrounding environment after axonal injury, of which serum neurofilament light chain (sNfL) is a biomarker of neuronal injury (15, 16). Elevated serum neurofilament light chain (sNfL) levels in patients with multiple sclerosis, Alzheimer’s disease, Parkinson’s and Huntington’s diseases, motor neuron diseases, cerebrovascular accidents, hereditary peripheral neuropathies, and impairments associated with traumatic brain injury (16–21). In recent years, new studies have suggested that sNfL may serve as a biomarker for non-primary neurological disorders, including those associated with perioperative care, human infectious diseases, and intensive care units (22). The linear correlation between sNfL levels and periodontitis was illustrated in a study by Jing et al., which also suggested that sNfL may serve as a biomarker for non-neurologic diseases (23). Ciardullo et al. (24) showed that the association between diabetes and sNfL remains significant. Qaisar et al. (25) showed that serum NfL levels were significantly elevated in patients with COPD, Rosenkranz et al. (26) showed that Alzheimer’s disease and related dementia (ADRD) is more common with asthma, especially when asthma is more severe or worsens more frequently, this suggests an association between sNfL and respiratory disease.

To date, few studies have explored the association between sNfL and asthma in the general population. In this study, the potential association between sNfL and asthma levels was explored through a large-scale survey of US adults. It aims to provide a novel solution for the early prevention of asthma and the exploration of its underlying mechanisms.



2 Materials and methods


2.1 Survey description

The National Center for Health Statistics (NCHS) performed a countrywide research (NHANES) to evaluate the state of nutrition and health in the United States, which served as the basis for the cross-sectional data. Every survey respondent signed an informed consent form, and the NCHS research Ethics Review Committee authorized all NHANES study protocols. Data on demographics, diet, examinations, lab work, and questionnaires were submitted by the participants. All full NHANES research designs and data are available to the public at www.cdc.gov/nchs/NHANEs/. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines were met by the cross-sectional study.



2.2 Study population

After a comprehensive search and screening of the NHANES database, participants from 2013 through 2014 were included in this study (sNfL data were not available for other years). Initially, 10,175 participants were recruited. Since the focus of this paper is to examine the relationship between sNfL, and asthma, exclusion criteria for this study included (a) participants with incomplete information on sNfL (n = 8,104), (b) participants with incomplete information on family income (n = 146) or education(n = 1), (c) participants with missing data on BMI (n = 15) or alcohol use (n = 136). A total of 1,773 individuals qualified for analysis, as shown in Figure 1.

[image: Flowchart showing the participant selection process from NHANES 2013-2014. Initially, 10,175 participants were considered. 8,402 were excluded for missing data: 8,104 lacked sNfL data, 1 lacked education data, 146 lacked family income data, 15 lacked BMI data, and 136 lacked alcohol use data. The final participant count is 1,773.]

FIGURE 1
 Flowchart of study population inclusion in 2013–2014 NHANES. NHANES, National Health and Nutrition Examination Survey; sNfL, serum neurofilament light chain; Family income, the ratio of family income to poverty; BMI, body mass index.




2.3 Assessment of asthma

Due to the limited diagnostic methods for asthma in the NHANES database, referring to other literature on research methods, the definition of current asthma in this paper is a positive response to the following two questions: “Has a doctor or other healthcare professional ever told you that you have asthma?” and “Do you still have asthma?” The control group consists of participants who do not currently have asthma (i.e., those who report never having been diagnosed with asthma by a healthcare professional and those who report having been diagnosed with asthma by a healthcare professional but deny still having asthma). Since the diagnosis of asthma is based on questionnaires, it may introduce recall and misclassification bias.



2.4 Assessment of sNfL concentration

Serum neurofilament light chain was the exposure variable in this study, and data were obtained from SSSNFL values in the laboratory data. nHANES’ sNfL assay is as follows: Serum samples for testing NfL concentrations were obtained from individuals between the ages of 20 and 75 years who participated in the 2013–2014 NHANES study and consented to have their samples used for further research. Blood was collected from a vein in the participant’s arm by a trained phlebotomist. The collected blood was divided into vials and stored at a mobile screening center. The vials are then refrigerated or frozen and transported to various laboratories throughout the United States. Siemens Healthineers’ high-throughput acridinium ester (AE) immunoassay on the Atellica immunoassay system was used to measure the amount of sNfL. Following incubation with AE-labeled antibodies that specifically target the NfL antigen, paramagnetic particles coated with capture antibodies were introduced into the blood samples. After unbound AE-labeled antibodies were removed, an acid and a base were used to start a chemiluminescence reaction, which produced detectable light emission. See https://wwwn.cdc.gov/Nchs/Nhanes/20132014/SSSNFL_H.htm for more information.



2.5 Assessment of covariates of interest

Consistent with previous studies, our multivariate model considered potential covariates that could confound the relationship between sNfL and asthma. Demographic covariates included gender, age, race, education level, marital status, and family income. Body measure covariates included body mass index(BMI). Questionnaire variables also included alcohol use, smoking, diabetes, and hypertension status. Race included Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, and other races. Marital status was categorized as married/living with partner, widowed/divorced/separated, and never married. Education level includes less than high school, high school, more than high school, and other. Family income was categorized as 0–1.5, 1.5–3.5, >3.5. Drinking status (at least 12 alcoholic beverages in 1 year), smoking status (at least 100 cigarettes in your lifetime), diabetes status (your doctor has told you that you are diabetic), and high blood pressure status (ever said you have high blood pressure) were categorized as yes, no, or other. Considering that prophylactic asthma medications (PAMs) are associated with asthma and may have an impact on the results of the analysis, we included PAMs as covariates in the analysis. PAMs include inhaled corticosteroids, leukotriene receptor antagonists, long-acting β agonists, mast cell stabilizers, and theophylline, and treatment with any of these is considered yes and the others are considered no. Individuals can access all comprehensive NHANES research designs and data at www.cdc.gov/nchs/NHANEs/.



2.6 Statistical analysis

Descriptive statistics included mean with standard deviation (SD) and median with interquartile range (IQR) for continuous data, and frequencies and proportions for categorical data. Consistent with the methodology of previous studies, this study used logistic regression analysis to analyze the risk relationship between sNfL and asthma, and three logistic regression models were developed based on different confounders. Of these, Model 1 was not adjusted for any confounders; Considering that demographic variables are usually important confounding factors affecting many health and behavioral outcomes, and based on previous studies, gender, age and race may have a certain impact on asthma, gender, age and race were included as covariates in Model 2; and in Model 3, in order to solve the problem of multicollinearity and covariate selection, variance expansion factor (VIF) was used for variable selection. A general rule of thumb is that a VIF value >5 indicates problematic covariance (27). The VIF values for gender, age, race, education level, marital status, family income, PAMs, BMI, alcohol use, smoking, diabetes, and hypertension were all calculated to be less than 5, so all the covariates were included. In addition, we used directed acyclic plots1 to show the hypothesized relationships between variables (Figure 2).
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FIGURE 2
 Directed acyclic graphs for the causal effect of sNfL on asthma. Family income, the ratio of family income to poverty; sNfL, serum neurofilament light chain; BMI, body mass index; PAMs, prophylactic asthma medications.


In this study, we observed that the sNfL data were unevenly distributed and skewed. Considering that logarithmic transformations help stabilize variance and reduce the influence of outliers when dealing with skewed data, we use natural logarithms (Ln)-sNfL, and we check to confirm that all participants have no outliers with sNfL = 0 before transforming. Since the logarithmic transformation changes the values, the clinical significance cannot be directly judged by the magnitude of the values from the clinical point of view, and the relationship between the variables may be changed, and the results need to be carefully interpreted. Therefore, when reporting the results, we provide logistic regression results between sNfL and asthma and directly demonstrate the relationship between sNfL and asthma by smoothing curves to allow the reader to compare and evaluate the effects of the conversions. To assess the robustness of the sensitivity analyses, we conducted a linear trend test using the sNfL interquartile grouping as the dependent variable (28). Subgroup analyses were performed using stratified multivariate logistic regression models stratified by factors including all covariates. In addition, we explored potential unmeasured confounding factors between sNfL and asthma through the calculation of E-values (28, 29). E-values quantify the required magnitude of an unmeasured confounding factor that could invalidate the observed association between sNfL and asthma. Smoothed curve fitting was used in this study to determine if there was a linear relationship between sNfL and asthma. All analyses were performed using EmpowerStats,2 PackageR,3 and SPSS27.0. In order to ensure the accuracy of the results, this paper does not use multiple interpolation, but excludes the samples with missing variables to ensure that all samples have accurate data in each variable. In determining statistical significance, a two-sided value of p < 0.05 was used. In subgroup analyses, the Benjamin-Hochberg method was used to control for false discovery rate (FDR), and an FDR-corrected p < 0.1 was considered significant (30, 31).




3 Results


3.1 Baseline characteristics of participants

A total of 1773 participants with asthma data were enrolled in this study, all over 20 years of age, with a prevalence of asthma of 9.13%. Table 1 is a table of weighted demographic baseline characteristics based on asthma. Asthma was used as a stratification variable. The presence or absence of asthma was significantly associated with sNfL, BMI, hypertension, diabetes, PAMs, gender, race, and marital status (p < 0.05). The proportion of sNfL, BMI, hypertension, and smoking was higher in patients with asthma compared with those without asthma, and the prevalence of asthma was higher in women than in men.


TABLE 1 Characteristics of the study population in NHANES by asthma status.


	Characteristics
	Non-asthma
	Asthma
	p-value



	N = 1,611
	N = 162

 

 	Age(years), median (IQR) 	47.00 (26.00) 	52.00 (25.75) 	0.074


 	BMI (kg/m2), median (IQR) 	27.70 (8.25) 	31.35 (13.23) 	<0.001


 	sNfL, median (IQR) 	12.30(10.50) 	13.35 (13.88) 	0.024


 	Ln-sNfL, mean ± SD 	2.54 ± 0.65 	2.69 ± 0.76 	0.024


 	Gender, N (%) 	 	 	<0.001


 	Male 	811 (50.34%) 	44 (27.16%) 	


 	Female 	800 (49.66%) 	118 (72.84%) 	


 	Race/Ethnicity, N (%) 	 	 	0.348


 	Mexican American 	225 (13.97%) 	16 (9.88%) 	


 	Other Hispanic 	143 (8.88%) 	14 (8.64%) 	


 	Non-Hispanic White 	736 (45.69%) 	83 (51.23%) 	


 	Non-Hispanic Black 	283 (17.57%) 	32 (19.75%) 	


 	Other Race 	224 (13.90%) 	17 (10.49%) 	


 	Education level, N (%) 	 	 	0.806


 	Less than high school 	320 (19.86%) 	35 (21.60%) 	


 	High school 	335 (20.79%) 	35 (21.60%) 	


 	More than high school 	956 (59.34%) 	92 (56.79%) 	


 	Marital status, N (%) 	 	 	0.021


 	Married/Living with partner 	1,004 (62.32%) 	88 (54.32%) 	


 	Widowed/Divorced/Separated 	294 (18.25%) 	44 (27.16%) 	


 	Never married 	313 (19.43%) 	30 (18.52%) 	


 	Family income, N (%) 	 	 	0.074


 	0–1.5 	608 (37.74%) 	74 (45.68%) 	


 	1.5–3.5 	469 (29.11%) 	47 (29.01%) 	


 	>3.5 	534 (33.15%) 	41 (25.31%) 	


 	Hypertension, N (%) 	 	 	<0.001


 	Yes 	542 (33.64%) 	84 (51.85%) 	


 	No 	1,067 (66.23%) 	78 (48.15%) 	


 	Other 	2 (0.12%) 	0 (0.00%) 	


 	Diabetes, N (%) 	 	 	0.492


 	Yes 	178 (11.05%) 	21 (12.96%) 	


 	No 	1,384 (85.91%) 	134 (82.72%) 	


 	Other 	49 (3.04%) 	7 (4.32%) 	


 	Smoking, N (%) 	 	 	0.764


 	Yes 	711 (44.13%) 	74 (45.68%) 	


 	No 	899 (55.80%) 	88 (54.32%) 	


 	Other 	1 (0.06%) 	0 (0.00%) 	


 	PAMs, N (%) 	 	 	<0.001


 	Yes 	1,594 (98.94%) 	125 (77.16%) 	


 	No 	17 (1.06%) 	37 (22.84%) 	


 	Alcohol use, N (%) 	 	 	0.388


 	Yes 	1,209 (75.05%) 	114 (70.37%) 	


 	No 	399 (24.77%) 	48 (29.63%) 	


 	Other 	3 (0.19%) 	0 (0.00%) 	





Categorical variables are described by the number of subjects (percentage); Continuous variables with a normal distribution are described by mean ± SD; Continuous variables without a normal distribution are described by median (IQR). Family income (%), the ratio of family income to poverty; sNfL, serum neurofilament light chain; BMI, body mass index; PAMs, prophylactic asthma medications.
 



3.2 The associations of sNfL and asthma

To assess the association between sNfL and asthma, we performed multivariate logistic regression analyses, which showed that the correlation between Ln-sNfL and asthma remained significant in both partially adjusted and fully adjusted models. As shown in Table 2, each point increase in Ln-sNfL was associated with a 39% increase in asthma prevalence. To further visualize the correlation between sNfL and asthma, a smoothed curve fitting was performed based on Model 3. Smooth curve fitting showed a positive correlation between sNfL and asthma (Figure 3). After stratified analysis by gender, we found that women were more likely to have asthma than men at the same sNfL level (Figure 4).


TABLE 2 Association between sNfL and asthma.


	Variable
	Crude model (Model 1)
	Partially adjusted model (Model 2)
	Fully adjusted model (Model 3)



	OR (95% CI) p-value
	OR (95% CI) p-value
	OR (95% CI) p-value

 

 	sNfL 	1.01 (1.00, 1.01) 0.0100 	1.01 (1.00, 1.01) 0.0209 	1.01 (1.00, 1.01) 0.0165


 	Ln-sNfL 	1.36 (1.08, 1.72) 0.0089 	1.42 (1.07, 1.87) 0.0136 	1.39 (1.03, 1.88) 0.0325


 	Ln-sNfL quartiles


 	Q1 	1 	1 	1


 	Q2 	1.18 (0.73, 1.92) 0.4922 	1.25 (0.75, 2.06) 0.3914 	1.17 (0.68, 2.00) 0.5663


 	Q3 	1.11 (0.68, 1.80) 0.6739 	1.11 (0.64, 1.92) 0.7065 	0.95 (0.53, 1.71) 0.8717


 	Q4 	1.60 (1.01, 2.53) 0.0432 	1.63 (0.94, 2.82) 0.0814 	1.48 (0.82, 2.68) 0.1895





Insensitivity analysis, Ln-sNfL was converted from a continuous variable to a categorical variable (quartiles). OR, odds ratio; Cl, confidence interval; Family income, the ratio of family income to poverty; sNfL, serum neurofilament light chain; BMI, body mass index, PAMs, prophylactic asthma medications. Model 1, no covariates were adjusted. Model 2, age, gender, race were adjusted. Model 3, age, gender, race, education level, marital status, family income, BMI, alcohol use, smoking, diabetes, hypertension and PAMs were adjusted.
 

[image: Scatter plot showing the relationship between sNfL on the x-axis and Asthma on the y-axis. Blue circles and red dots represent data points, with values spreading from sNfL 0 to 500 and Asthma 0 to 1.0.]

FIGURE 3
 The association between sNfL and asthma. The solid red line represents the smooth curve fit between variables. Blue bands represent the 95% confidence interval from the fit.


[image: Scatter plot showing the relationship between sNfL levels and asthma. Two gender groups are represented: red for group 1 and cyan for group 2. Data points show a trend where asthma values increase with higher sNfL levels, primarily in the cyan group.]

FIGURE 4
 The association between sNfL and asthma stratified by gender.




3.3 Sensitivity analysis

Based on this, subgroup analysis of the relationship between sNfL and asthma (Table 3), age, gender, race, education level, marital status, family income, BMI, alcohol use, smoking, diabetes, hypertension and PAMs did not affect the positive association between sNfL and asthma (p > 0.05) (FDR corrected p > 0.1). In addition, the result showed an E-value of 2.12, meaning that the observed association could only be fully explained away if an unmeasured confounder had an odds ratio (OR) of at least 2.12 with both sNfL and asthma. This suggests that our main conclusions have a certain degree of robustness.


TABLE 3 Subgroup analysis of the effect of sNfL on asthma.


	Subgroups
	OR (95% CI), p-value
	FDR-corrected p for interaction

 

 	Gender 	 	0.8454


 	Male 	1.00 (0.99, 1.01) 0.8835 	


 	Female 	1.01 (1.00, 1.03) 0.0334 	


 	BMI (kg/m2) 	 	0.9655


 	(0–18.5) 	1.00 (0.00, inf.) 1.0000 	


 	[18.5–24) 	1.00 (0.97, 1.03) 0.9868 	


 	≥24 	1.01 (1.00, 1.02) 0.0239 	


 	Age(years) 	 	0.8454


 	[20–44) 	0.98 (0.94, 1.03) 0.4409 	


 	[45–64) 	1.01 (1.00, 1.01) 0.0748 	


 	≥65 	1.02 (1.00, 1.04) 0.0147 	


 	Race/Ethnicity 	 	0.9655


 	Mexican American 	1.02 (0.97, 1.08) 0.3963 	


 	Other Hispanic 	1.02 (0.95, 1.09) 0.6183 	


 	Non-Hispanic White 	1.01 (1.00, 1.02) 0.0404 	


 	Non-Hispanic Black 	1.02 (0.99, 1.04) 0.2496 	


 	Other Race 	1.00 (0.97, 1.03) 0.8807 	


 	Education level, N (%) 	 	0.9655


 	Less than high school 	0.99 (0.95, 1.03) 0.6206 	


 	High school 	1.02 (0.99, 1.04) 0.1480 	


 	More than high school 	1.01 (1.00, 1.02) 0.0341 	


 	Marital status, N (%) 	 	0.9655


 	Married/Living with partner 	1.01 (1.00, 1.02) 0.0181 	


 	Widowed/Divorced/Separated 	1.00 (0.97, 1.02) 0.7002 	


 	Never married 	0.98 (0.91, 1.05) 0.5884 	


 	Family income, N (%) 	 	0.9655


 	0–1.5 	1.01 (0.99, 1.02) 0.3638 	


 	1.5–3.5 	1.02 (1.00, 1.03) 0.1116 	


 	>3.5 	1.00 (0.97, 1.04) 0.8750 	


 	Diabetes 	 	0.9655


 	Yes 	1.00 (0.99, 1.02) 0.7318 	


 	No 	1.01 (1.00, 1.02) 0.0502 	


 	Other 	1.95 (0.00, Inf) 0.9993 	


 	Hypertension 	 	0.9655


 	Yes 	1.01 (1.00, 1.01) 0.0358 	


 	No 	1.01 (1.00, 1.03) 0.1115 	


 	Other 	0.92 (0.00, inf.) 0.9995 	


 	PAMs 	 	0.9655


 	Yes 	1.01 (1.00, 1.01) 0.0320 	


 	No 	1.00 (0.88, 1.15) 0.9494 	


 	Smoking 	 	0.9655


 	Yes 	1.01 (1.00, 1.02) 0.0672 	


 	No 	1.01 (1.00, 1.02) 0.0336 	


 	Other 	0.56 (0.00, inf.) 0.9940 	


 	Alcohol use 	 	0.9655


 	Yes 	1.01 (1.00, 1.02) 0.0667 	


 	No 	1.01 (1.00, 1.02) 0.2010 	


 	Other 	1.11 (0.00, Inf) 0.9998 	





OR, odds ratio; Cl, confidence interval; Family income, the ratio of family income to poverty; BMI, body mass index; PAMs, prophylactic asthma medications.
 




4 Discussion

This study investigated the association between sNfL and asthma in the United States over the age of 20 years. We found that sNfL was positively associated with asthma in both unadjusted and adjusted models, each point increase in Ln-sNfL was associated with a 39% increase in asthma prevalence. Subgroup analyses showed that age, gender, race, education level, marital status, family income, BMI, alcohol use, smoking, diabetes, hypertension and PAMs did not affect the positive association between sNfL and asthma (p > 0.05) (FDR corrected p > 0.1). After stratified analysis by gender, we found that women were more likely to have asthma than men at the same sNfL level.

To the best of our knowledge, no previous studies have investigated the association between sNfL and asthma, and similarly, there are no current studies that directly suggest that regulating sNfL levels can affect asthma severity. Many scholars have analyzed in depth the influence of neural mechanisms on asthma, and Verleden has shown that although asthma is nowadays considered to be an inflammatory disease of the airways, neural mechanisms are still very important, and that neuropeptides such as substance P and neurokinin A are present in the human airways and give rise to many of the characteristic asthma traits (32), Vafaee et al. showed that asthma is an inflammatory airway disease influenced by neurological and psychological factors, and that psychotherapy or neurorehabilitation reduces inflammation by modulating the activity of neural circuits and the function of brain centers involved in asthma (33). In addition, neurotrophic factors and neuropeptides are key mediators of neuroimmune interactions, and neuroimmune interactions respond to brain signals secreted from airway nerves, which may be the target of many new therapies for asthma (33). Dixon’s study showed that episodes of bronchospasm in asthmatics are triggered by the activation of neurons in the nasal mucosa, reinforcing the idea that neural mechanisms contribute to asthma exacerbations (34).

sNfL is a biomarker of neuronal injury. Liu et al. found a positive correlation between SII and sNfL (35), and Disanto et al. found a significant positive correlation between sNfL and focal inflammatory MRI lesions of the brain and spinal cord (36). Meyer et al. demonstrated an association between elevated levels of inflammatory cytokines (IL-6 and IL-5) and NfL (37). Yao et al. illustrate that NfL is involved in inflammation (38). This suggests a strong relationship between sNfL and inflammation. Current research on sNFL and respiratory diseases primarily focuses on the impact of respiratory diseases on sNFL levels. Ning Zhu et al. found that current smokers often exhibit elevated sNFL levels, suggesting the potential impact of smoke exposure on neural function damage (39). Raoul Sutter et al. have shown that neuronal damage is widespread and significant in patients with severe COVID-19 (40).

The underlying mechanism for the positive association between sNfL and asthma is unclear. In this paper, we speculate that there may be the following reasons, taking into account the results of previous studies. First, neuronal damage may lead to the release of neuropeptides that cause airway inflammation, thereby increasing the risk of asthma. Ding et al. provided direct evidence of neuropeptide release during neuronal injury in their study (41), and Safwat et al. showed that neuropeptides such as substance P (Substance P, SP) are released after traumatic brain injury (TBI) (42). SP induces inflammation in neutrophils by mediating NK1 receptor-induced synthesis of chemokines such as CCL4 and CXCL8 (43), and inflammation can further contribute to asthma (27, 44–46). Additionally, SP interacting with the Mrgprb2 receptor/MrgprX2 (human) on mast cells leads to the release of pro-inflammatory cytokines, chemokines, and the recruitment of immune cells like neutrophils, monocytes, and macrophages (47). NKA, also known as tachykinin, collaborates with SP to promote bronchoconstriction and enhance the antigen presentation function of DCs when combined with the NK2R signal, supporting the immune response (48). So far, SP and NKA have played roles in promoting inflammation and exacerbating asthma (43). Second, the vagus nerve may also play a role in this process. When the vagus nerve is stimulated, it inhibits the inflammatory response (49). Conversely, when the vagus nerve is inactivated, pro-inflammatory cytokines increase, exacerbating pulmonary inflammation. Neuronal damage may lead to vagus nerve dysfunction, which in turn may contribute to the development or exacerbation of asthma. Last, neuronal damage may lead to changes in psychological states, and psychological stress and emotional states can affect airway responsiveness, further contributing to worsening asthma symptoms. Sultana et al. illustrated in their study that mood dysregulation (e.g., in depression) is a long-term consequence of mild traumatic brain injury (TBI) (50), and it has been shown that there is a significant positive correlation between sNfL and depression (51, 52), and mood disorders such as anxiety and depression are associated with worsening asthma symptoms (53, 54). At the same time, since our research method is a cross-sectional study, we cannot conclude that neuronal damage will cause or exacerbate asthma. Considering the complexity of neural mechanisms in asthma, we speculate that the development of asthma may also lead to neuronal damage, which in turn affects sNfL values. Melissa A Rosenkranz et al. have shown that asthma, especially severe asthma, is associated with features of neuroinflammation and neurodegeneration and may be a potential risk factor for nerve damage and cognitive dysfunction (26). Also in our study, we found that adult women are more likely to have asthma than men, which is consistent with many epidemiologic studies, and the reason may be due to the influence of female sex hormones (55, 56). At present, the mechanism of how sex hormones affect asthma is not fully understood, and its biological mechanism can be studied in detail in the future, including how sex hormones affect the immune system and airway responsiveness through multiple pathways.

Although our results show a statistically significant association between Ln-sNfL and asthma, the odds ratio is relatively small (OR = 1.39, 95% CI: 1.03–1.88), suggesting a weak effect size and a potentially limited clinical impact. Therefore, we emphasize that readers should avoid over-extrapolating the relationship between neuronal damage and asthma when interpreting this study. More mechanistic and longitudinal studies are needed to further elucidate the potential linkages. Clinically, we speculate that although sNfL alone is not sufficient as an independent reference for asthma diagnosis, sNfL may play a role in risk stratification or subtype identification of asthma as part of a future multiplex biomarker panel. At the same time, the dynamics of sNfL within individuals may have an indicative effect on asthma progression or treatment response, especially in patients with severe or refractory asthma, and provide clues for further research into the interactions between the nervous system and the immune system, which may contribute to the understanding of asthma-related systemic inflammatory mechanisms.

The strength of our study is that it is based on national data and the results are broadly applicable to the general population in the United States. Regression analyses adjusted for covariates, and the large sample size allowed us to perform sensitivity and subgroup analyses to confirm the robustness of the results. However, there are still some limitations that need to be stated. This is a cross-sectional study, which can only explore the relationship between sNfL and asthma to provide clues for etiologic studies, and cannot verify the causal relationship between disease and etiology. Considering the complexity of neural mechanisms in the development of asthma disease, we suggest that future longitudinal studies combined with Mendelian randomization analysis can further investigate causality, with a focus on differences between different gender groups, especially This will not only help to shed light on the role of sNfL in asthma disorders, but may also provide a theoretical basis for the development of new intervention strategies. Secondly, due to the limited availability of objective diagnostic methods for asthma in the NHANES database, asthma status in this study was based on self-reported questionnaire data, which may introduce recall bias and potential misclassification. Furthermore, serum IgE measurements, which could help distinguish allergic from non-allergic asthma, were not available in the 2013–2014 NHANES cycle. As a result, we were unable to classify asthma subtypes in this analysis. Future studies with more rigorous diagnostic criteria and biomarker data are needed to confirm these findings and explore asthma heterogeneity. Thirdly, since sNfL only has relevant data in 2013 and 2014 because of the relatively small sample size, a larger population study is needed to validate the relationship. Finally, although we adjusted for several important covariates, residual confounding remains a possibility. Factors such as unmeasured environmental exposures, socioeconomic disparities, and asthma-related medication use may still influence the observed association. To address these limitations, future studies should consider establishing comprehensive asthma cohorts with detailed clinical and environmental data. Experimental models, such as animal studies, could also help elucidate the biological mechanisms linking sNfL and asthma phenotypes. Given that NHANES is a dataset based on the United States, due to significant differences in environmental exposures (such as air pollution and allergen distribution), access to medical resources, and asthma diagnosis and management methods across different regions, these factors may influence the observed association between sNfL and asthma. Additionally, studies have shown that sNfL levels can differ among different racial groups (57), so the results of this study on the relationship between sNfL and asthma cannot be directly generalized to populations in various countries and regions, and further research in different countries and ethnicities is needed.



5 Conclusion

This study suggests an association between sNfL and asthma, and further large-scale and prospective studies are needed to replicate our results and assess the ability of sNfL to predict asthma.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: www.cdc.gov/nchs/NHANEs/.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the patients/participants or patients/participants' legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

MY: Conceptualization, Data curation, Formal analysis, Methodology, Writing – original draft, Writing – review & editing. XQ: Conceptualization, Data curation, Formal analysis, Supervision, Writing – review & editing. LZ: Data curation, Formal analysis, Methodology, Software, Supervision, Writing – review & editing. QX: Conceptualization, Data curation, Formal analysis, Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

We thank the assistance of all authors in the manuscript preparation.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Footnotes

1   www.dagitty.net/dags.html

2   http://www.empowerstats.com

3   http://www.r-project.org


References
	 1. Yaghoubi, M, Adibi, A, Safari, A, FitzGerald, JM, and Sadatsafavi, M. The projected economic and health burden of uncontrolled asthma in the United States. Am J Respir Crit Care Med. (2019) 200:1102–12. doi: 10.1164/rccm.201901-0016OC 
	 2. Rogers, DF. Airway mucus hypersecretion in asthma: an undervalued pathology? Curr Opin Pharmacol. (2004) 4:241–50. doi: 10.1016/j.coph.2004.01.011 
	 3. McCracken, JL, Veeranki, SP, Ameredes, BT, and Calhoun, WJ. Diagnosis and management of asthma in adults: a review. JAMA. (2017) 318:279–90. doi: 10.1001/jama.2017.8372 
	 4. Lachowicz-Scroggins, ME, Yuan, S, Kerr, SC, Dunican, EM, Yu, M, Carrington, SD , et al. Abnormalities in MUC5AC and MUC5B protein in airway mucus in asthma. Am J Respir Crit Care Med. (2016) 194:1296–9. doi: 10.1164/rccm.201603-0526LE 
	 5. Cheng, W, Bu, X, Xu, C, Wen, G, Kong, F, Pan, H , et al. Higher systemic immune-inflammation index and systemic inflammation response index levels are associated with stroke prevalence in the asthmatic population: a cross-sectional analysis of the NHANES 1999-2018. Front Immunol. (2023) 14:1191130. doi: 10.3389/fimmu.2023.1191130 
	 6. Lin, T, Mao, H, Huang, S, Xie, Z, and Xu, Z. Association between asthma and visceral adipose tissue in adults, a cross-sectional study from NHANES 2011-2018. Sci Rep. (2024) 14:23217. doi: 10.1038/s41598-024-74297-5 
	 7. Wu, TD, Brigham, EP, and McCormack, MC. Asthma in the primary care setting. Med Clin North Am. (2019) 103:435–52. doi: 10.1016/j.mcna.2018.12.004 
	 8. Mazzone, SB, and Undem, BJ. Vagal afferent innervation of the Airways in Health and Disease. Physiol Rev. (2016) 96:975–1024. doi: 10.1152/physrev.00039.2015 
	 9. Talbot, S, Abdulnour, RE, Burkett, PR, Lee, S, Cronin, SJ, Pascal, MA , et al. Silencing nociceptor neurons reduces allergic airway inflammation. Neuron. (2015) 87:341–54. doi: 10.1016/j.neuron.2015.06.007 
	 10. Fryer, AD, and Jacoby, DB. Parainfluenza virus infection damages inhibitory M2 muscarinic receptors on pulmonary parasympathetic nerves in the guinea-pig. Br J Pharmacol. (1991) 102:267–71. doi: 10.1111/j.1476-5381.1991.tb12164.x 
	 11. Aven, L, Paez-Cortez, J, Achey, R, Krishnan, R, Ram-Mohan, S, Cruikshank, WW , et al. An NT4/TrkB-dependent increase in innervation links early-life allergen exposure to persistent airway hyperreactivity. FASEB J. (2014) 28:897–907. doi: 10.1096/fj.13-238212 
	 12. van der Velden, VH, and Hulsmann, AR. Autonomic innervation of human airways: structure, function, and pathophysiology in asthma. Neuroimmunomodulation. (1999) 6:145–59. doi: 10.1159/000026376 
	 13. Gafson, AR, Barthélemy, NR, Bomont, P, Carare, RO, Durham, HD, Julien, JP , et al. Neurofilaments: neurobiological foundations for biomarker applications. Brain. (2020) 143:1975–98. doi: 10.1093/brain/awaa098 
	 14. Yuan, A, Rao, MV, Veeranna, N, and Nixon, RA. Neuroflaments and neuroflamentproteins in health and disease. Cold Spring Harb. Perspect. Biol. (2017) 9:a018309. doi: 10.1101/cshperspect.a018309
	 15. Benkert, P, Meier, S, Schaedelin, S, Manouchehrinia, A, Yaldizli, Ö, Maceski, A , et al. Serum neurofilament light chain for individual prognostication of disease activity in people with multiple sclerosis: a retrospective modelling and validation study. Lancet Neurol. (2022) 21:246–57. doi: 10.1016/S1474-4422(22)00009-6 
	 16. Bittner, S, Oh, J, Havrdová, EK, Tintoré, M, and Zipp, F. The potential of serum neurofilament as biomarker for multiple sclerosis. Brain. (2021) 144:2954–63. doi: 10.1093/brain/awab241 
	 17. Disanto, G, Adiutori, R, Dobson, R, Martinelli, V, Dalla Costa, G, Runia, T , et al. Serum neurofilament light chain levels are increased in patients with a clinically isolated syndrome. J Neurol Neurosurg Psychiatry. (2016) 87:126–9. doi: 10.1136/jnnp-2014-309690 
	 18. Weydt, P, Oeckl, P, Huss, A, Müller, K, Volk, AE, Kuhle, J , et al. Neurofilament levels as biomarkers in asymptomatic and symptomatic familial amyotrophic lateral sclerosis. Ann Neurol. (2016) 79:152–8. doi: 10.1002/ana.24552 
	 19. Byrne, LM, Rodrigues, FB, Blennow, K, Durr, A, Leavitt, BR, Roos, RAC , et al. Neurofilament light protein in blood as a potential biomarker of neurodegeneration in Huntington's disease: a retrospective cohort analysis. Lancet Neurol. (2017) 16:601–9. doi: 10.1016/S1474-4422(17)30124-2 
	 20. De Marchis, GM, Katan, M, Barro, C, Fladt, J, Traenka, C, Seiffge, DJ , et al. Serum neurofilament light chain in patients with acute cerebrovascular events. Eur J Neurol. (2018) 25:562–8. doi: 10.1111/ene.13554 
	 21. Olsson, B, Portelius, E, Cullen, NC, Sandelius, Å, Zetterberg, H, Andreasson, U , et al. Association of Cerebrospinal Fluid Neurofilament Light Protein Levels with Cognition in patients with dementia, motor neuron disease, and movement disorders. JAMA Neurol. (2019) 76:318–25. doi: 10.1001/jamaneurol.2018.3746 
	 22. Abu-Rumeileh, S, Abdelhak, A, Foschi, M, D'Anna, L, Russo, M, Steinacker, P , et al. The multifaceted role of neurofilament light chain protein in non-primary neurological diseases. Brain. (2023) 146:421–37. doi: 10.1093/brain/awac328 
	 23. Zhao, J, and Zhao, P. Association between serum neurofilament light chain and periodontitis. Clin Oral Investig. (2024) 28:369. doi: 10.1007/s00784-024-05769-1 
	 24. Ciardullo, S, Muraca, E, Bianconi, E, Cannistraci, R, Perra, S, Zerbini, F , et al. Diabetes mellitus is associated with higher serum Neurofilament light chain levels in the general US population. J Clin Endocrinol Metab. (2023) 108:361–7. doi: 10.1210/clinem/dgac580 
	 25. Qaisar, R, Hussain, S, Burki, A, Karim, A, Muhammad, T, and Ahmad, F. Plasma levels of Neurofilament light chain correlate with handgrip strength and sarcopenia in patients with chronic obstructive pulmonary disease. Respir Investig. (2024) 62:566–71. doi: 10.1016/j.resinv.2024.04.014 
	 26. Rosenkranz, MA, Dean, DC, Bendlin, BB, Jarjour, NN, Esnault, S, Zetterberg, H , et al. Neuroimaging and biomarker evidence of neurodegeneration in asthma. J Allergy Clin Immunol (2022);149:589–598.e6. doi: 10.1016/j.jaci.2021.09.010
	 27. Nygaard, UC, Xiao, L, Nadeau, KC, Hew, KM, Lv, N, Camargo, CA , et al. Improved diet quality is associated with decreased concentrations of inflammatory markers in adults with uncontrolled asthma. Am J Clin Nutr. (2021) 114:1012–27. doi: 10.1093/ajcn/nqab063 
	 28. Vander Weele, TJ, and Ding, P. Sensitivity analysis in observational research: introducing the E-value. Ann Intern Med. (2017) 167:268–74. doi: 10.7326/M16-2607 
	 29. Haneuse, S, VanderWeele, TJ, and Arterburn, D. Using the E-value to assess the potential effect of unmeasured confounding in observational studies. JAMA. (2019) 321:602–3. doi: 10.1001/jama.2018.21554 
	 30. Shuai, M, Zuo, LS, Miao, Z, Gou, W, Xu, F, Jiang, Z , et al. Multi-omics analyses reveal relationships among dairy consumption, gut microbiota and cardiometabolic health. EBioMedicine. (2021) 66:103284. doi: 10.1016/j.ebiom.2021.103284 
	 31. Song, Y, Gong, L, Lou, X, Zhou, H, Hao, Y, Chen, Q , et al. Sleep-body composition relationship: roles of sleep behaviors in general and abdominal obesity in Chinese adolescents aged 17-22 years. Nutrients. (2023) 15:130. doi: 10.3390/nu15194130 
	 32. Verleden, GM. Neural mechanisms and axon reflexes in asthma. Where are we? Biochem Pharmacol. (1996) 51:1247–57. doi: 10.1016/0006-2952(95)02253-8 
	 33. Vafaee, F, Shirzad, S, Shamsi, F, and Boskabady, MH. Neuroscience and treatment of asthma, new therapeutic strategies and future aspects. Life Sci. (2022) 292:120175. doi: 10.1016/j.lfs.2021.120175 
	 34. Dixon, WE. Contributions to the physiology of the lungs: part I. The bronchial muscles, their innervation, and the action of drugs upon them. J Physiol. (1903) 29:97–173. doi: 10.1113/jphysiol.1903.sp000947 
	 35. Liu, X, Yang, Y, Lu, Q, Yang, J, Yuan, J, Hu, J , et al. Association between systemic immune-inflammation index and serum neurofilament light chain: a population-based study from the NHANES (2013-2014). Front Neurol. (2024) 15:1432401. doi: 10.3389/fneur.2024.1432401 
	 36. Disanto, G, Barro, C, Benkert, P, Naegelin, Y, Schädelin, S, Giardiello, A , et al. Serum Neurofilament light: a biomarker of neuronal damage in multiple sclerosis. Ann Neurol. (2017) 81:857–70. doi: 10.1002/ana.24954 
	 37. Meyer, MAS, Bjerre, M, Wiberg, S, Grand, J, Obling, LER, Meyer, ASP , et al. Modulation of inflammation by treatment with tocilizumab after out-of-hospital cardiac arrest and associations with clinical status, myocardial- and brain injury. Resuscitation. (2023) 184:109676. doi: 10.1016/j.resuscitation.2022.109676 
	 38. Yao, W, Zhang, X, Zhao, H, Xu, Y, and Bai, F. Inflammation disrupts cognitive integrity via plasma neurofilament light chain coupling brain networks in Alzheimer's disease. J Alzheimers Dis. (2022) 89:505–18. doi: 10.3233/JAD-220475 
	 39. Zhu, N, Zhu, J, Lin, S, Yu, H, and Cao, C. Correlation analysis between smoke exposure and serum neurofilament light chain in adults: a cross-sectional study. BMC Public Health. (2024) 24:353. doi: 10.1186/s12889-024-17811-8 
	 40. Sutter, R, Hert, L, De Marchis, GM, Twerenbold, R, Kappos, L, Naegelin, Y , et al. Serum Neurofilament light chain levels in the intensive care unit: comparison between severely ill patients with and without coronavirus disease 2019. Ann Neurol. (2021) 89:610–6. doi: 10.1002/ana.26004 
	 41. Ding, K, Han, Y, Seid, TW, Buser, C, Karigo, T, Zhang, S , et al. Imaging neuropeptide release at synapses with a genetically engineered reporter. eLife. (2019) 8:8. doi: 10.7554/eLife.46421 
	 42. Safwat, A, Helmy, A, and Gupta, A. The role of substance P within traumatic brain injury and implications for therapy. J Neurotrauma. (2023) 40:1567–83. doi: 10.1089/neu.2022.0510 
	 43. Wu, W, Li, J, Chen, S, and Ouyang, S. The airway neuro-immune axis as a therapeutic target in allergic airway diseases. Respir Res. (2024) 25:83. doi: 10.1186/s12931-024-02702-8 
	 44. Peebles, RS Jr, and Aronica, MA. Proinflammatory pathways in the pathogenesis of asthma. Clin Chest Med. (2019) 40:29–50. doi: 10.1016/j.ccm.2018.10.014 
	 45. Miller, RL, Grayson, MH, and Strothman, K. Advances in asthma: new understandings of asthma's natural history, risk factors, underlying mechanisms, and clinical management. J Allergy Clin Immunol. (2021) 148:1430–41. doi: 10.1016/j.jaci.2021.10.001 
	 46. Cazzola, M, Rogliani, P, Ora, J, Calzetta, L, and Matera, MG. Asthma and comorbidities: recent advances. Pol Arch Intern Med. (2022) 132:250. doi: 10.20452/pamw.16250 
	 47. Green, DP, Limjunyawong, N, Gour, N, Pundir, P, and Dong, X. A mast-cell-specific receptor mediates neurogenic inflammation and pain. Neuron. (2019) 101:412–20.e3. doi: 10.1016/j.neuron.2019.01.012 
	 48. Ohtake, J, Kaneumi, S, Tanino, M, Kishikawa, T, Terada, S, Sumida, K , et al. Neuropeptide signaling through neurokinin-1 and neurokinin-2 receptors augments antigen presentation by human dendritic cells. J Allergy Clin Immunol. (2015) 136:1690–4. doi: 10.1016/j.jaci.2015.06.050 
	 49. Norcliffe-Kaufmann, L. The Vagus and glossopharyngeal nerves in two autonomic disorders. J Clin Neurophysiol. (2019) 36:443–51. doi: 10.1097/WNP.0000000000000604 
	 50. Sultana, T, Hasan, MA, Kang, X, Liou-Johnson, V, Adamson, MM, and Razi, A. Neural mechanisms of emotional health in traumatic brain injury patients undergoing rTMS treatment. Mol Psychiatry. (2023) 28:5150–8. doi: 10.1038/s41380-023-02159-z 
	 51. Liu, X, Chen, X, and Chen, J. Relationship between serum neurofilament light chain protein and depression: a nationwide survey and Mendelian randomization study. J Affect Disord. (2024) 366:162–71. doi: 10.1016/j.jad.2024.08.130 
	 52. Zhang, K, Cheng, M, Yang, P, Hu, Y, Liang, X, Li, M , et al. Association between serum neurofilament light chains and depression: a cross-sectional study based on NHANES 2013-2014 database. J Affect Disord. (2025) 368:591–8. doi: 10.1016/j.jad.2024.09.063 
	 53. Leander, M, Lampa, E, Rask-Andersen, A, Franklin, K, Gislason, T, Oudin, A , et al. Impact of anxiety and depression on respiratory symptoms. Respir Med. (2014) 108:1594–600. doi: 10.1016/j.rmed.2014.09.007 
	 54. Di Marco, F, Santus, P, and Centanni, S. Anxiety and depression in asthma. Curr Opin Pulm Med. (2011) 17:39–44. doi: 10.1097/MCP.0b013e328341005f 
	 55. Melgert, BN, Ray, A, Hylkema, MN, Timens, W, and Postma, DS. Are there reasons why adult asthma is more common in females? Curr Allergy Asthma Rep. (2007) 7:143–50. doi: 10.1007/s11882-007-0012-4 
	 56. Chowdhury, NU, Guntur, VP, Newcomb, DC, and Wechsler, ME. Sex and gender in asthma. Eur Respir Rev. (2021) 30:210067. doi: 10.1183/16000617.0067-2021 
	 57. Ramanathan, M. Non-neurological factors associated with serum neurofilament levels in the United States population. Ann Clin Transl Neurol. (2024) 11:1347–58. doi: 10.1002/acn3.52054 


Copyright
 © 2025 Yang, Qian, Zhu and Xu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-16-1567158-g003.jpg
Asthma

02 04 06 08 10

00

300






OPS/images/fneur-16-1567158-g004.jpg
Asthma
04

1.0

08

06

02

00

GENDER
.1
° 2

0 100 200 300 400






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Associations of serum neurofilament and asthma: evidence from the NHANES 2013–2014



		1 Introduction



		2 Materials and methods



		2.1 Survey description



		2.2 Study population



		2.3 Assessment of asthma



		2.4 Assessment of sNfL concentration



		2.5 Assessment of covariates of interest



		2.6 Statistical analysis









		3 Results



		3.1 Baseline characteristics of participants



		3.2 The associations of sNfL and asthma



		3.3 Sensitivity analysis









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Footnotes



		References



















OPS/images/fneur-16-1567158-g001.jpg
Participants from NHANES
20132014
(N=10,175)

1=8,402 partcipants were excluded
1.5NIL data missing (N=8,104)
2 Education data missing (N=1)
3 Family income data missing (I
4.BMI data missing (N=15)
4.Alcohol use data missing (N=136)

Final partcipants.
(N=1.773)






OPS/images/fneur-16-1567158-g002.jpg
diabetes

alcohol use

¢ PAM:
smoking hypertension -





OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Associations of serum
neurofilament and asthma:
evidence from the NHANES

2013-2014












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






