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Background: The relationship between kidney function and brain function is 
complex and poorly understood. This study aims to investigate the association 
between serum neurofilament light chain (sNfL) and levels of estimated 
glomerular filtration rate (eGFR), offering new insights into their interactions.

Methods: Data from the national health and nutrition examination survey 
(NHANES) in 2013–2014, linked with national death index records, were used. 
Participants who met specific criteria were analyzed. Baseline characteristics 
were stratified by tertiles of sNfL levels and compared using weighted Kruskal-
Wallis and chi-square tests.Weighted linear regression models, both unadjusted 
and adjusted, evaluated the relationship between log sNfL and eGFR. Subgroup 
and interaction analyses validated the findings. Restricted cubic spline, scatter 
plots, and Spearman correlation confirmed the relationship between log sNfL 
and eGFR.

Results: A total of 2,038 eligible participants were included. Higher sNfL levels 
were significantly associated with lower eGFR (p <  0.01). The highest sNfL tertile 
had a significantly higher mortality rate (p <  0.01). Fully adjusted multivariable 
weighted linear regression showed a significant negative correlation between log 
sNfL and eGFR (per 10-unit increase; β =  −0.07, 95% CI: −0.10 to −0.04, p <  0.01). 
Subgroup analyses consistently supported this negative correlation (p <  0.01). 
Interaction analysis revealed a significant gender difference (p  =  0.032), with 
males showing a  −  0.06 (−0.09, −0.04) decrease and females a  −  0.07 (−0.11, 
−0.04) decrease in log sNfL per 10-unit increase in eGFR. Restricted cubic 
spline confirmed a linear relationship (p-non-linear  =  0.121), and the Spearman 
correlation coefficient was −0.45. Females had slightly lower log sNfL levels 
compared to males at equivalent eGFR levels.

Conclusion: A significant negative correlation was found between log sNfL and 
eGFR levels. Gender influenced the degree of this negative association. Further 
research is needed to validate these findings and elucidate their underlying 
mechanisms.
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Introduction

Neurofilaments is a protein widely expressed in neuronal cells, 
comprising light, medium, and heavy chains. Neurofilament light 
chain (NfL) is a subunit of neurofilaments. It plays a critical role in 
maintaining neuronal structural stability and function, making it 
a specific biomarker within the central nervous system (1). 
Increased release of NfL occurred during neuronal axon 
inflammation, neurodegeneration, trauma, or ischemic damage. 
NfL was detectable in both cerebrospinal fluid (CSF) and blood, 
offering sensitivity in assessing neurological injury and disease 
progression (2–4). Consequently, serum neurofilament light chain 
(sNfL) holds promise as an essential tool in future neurological 
disorder management.

Estimated glomerular filtration rate (eGFR) serves as a vital 
indicator in assessing kidney function health, widely used in 
clinical practice. It is computed based on factors including serum 
creatinine levels, age, and gender, directly reflecting kidney 
efficiency in waste and fluid clearance (5). Precise and regular eGFR 
monitoring facilitates early identification and intervention of 
declining kidney function, effectively slowing chronic kidney 
disease (CKD) advancement and aiding in predicting overall 
mortality (6).

In recent years, there has been growing interest in the complex 
interplay between kidney function and brain function (7, 8). 
Studies by Sun et  al. suggested that declining kidney function 
correlated with abnormal Alzheimer’s disease biomarkers and 
cognitive impairment, implying a potential role of kidney function 
in the pathogenesis of AD (9). Research by Chen et al. highlighted 
the close correlation between kidney function and cortical brain 
structure and function (10). The interaction between kidney and 
brain function involved various mechanisms such as 
neuroendocrine disruption, oxidative stress, chronic inflammation, 
and cerebral vascular damage, which could affect brain structure 
and function through multiple pathways (11). In recent years, 
several studies have identified kidney dysfunction as a risk factor 
for elevated sNfL levels in patients with multiple sclerosis and atrial 
fibrillation (12–14), and community-based studies also showed a 
negative correlation between sNfL and eGFR levels. However, these 
studies often focused on specific diseases or smaller, older 
populations, limiting the generalizability of their findings. This 
study utilized comprehensive data from all participants in the 
2013–2014 NHANES database to explore the association between 
sNfL and eGFR levels, providing initial support for understanding 
the potential link between kidney and brain function, and 
facilitating a more accurate assessment of sNfL’s significance in 
neurologic disorders.

Methods

Study population

Our study data were derived from the national health and 
nutrition examination survey (NHANES), which employed a complex, 
stratified, multistage probability sampling design to ensure 
representative participant selection. All participants provided written 
informed consent, and the study protocol was approved by the NCHS 

Ethics Review Board. Participants from the NHANES 2013–2014 cycle 
were included as this was the period with available serum sNfL 
measurements. According to information from the NHANES website,1 
in the 2013–2014 cycle, only participants aged 20–75 who had 
consented to have their samples stored for future research and who 
had surplus or pristine serum samples were eligible for sNfL 
measurement. Complete data on gender, age, ethnicity, body mass 
index (BMI), education, smoking status, alcohol consumption, 
hypertension, diabetes, cardiovascular and cerebrovascular related 
diseases (CVD), sNfL, and kidney-related indicators (including serum 
creatinine, blood urea nitrogen, uric acid, urine albumin, and urine 
creatinine) were required for inclusion.

Calculation and grouping of sNfL

sNfL measurements were conducted using an innovative high-
throughput acridine ester (AE) immunoassay, integrated into the 
Atellica platform by Siemens Healthineers. Serum samples were 
initially treated with AE-labeled antibodies that bound to the sNfL 
antigen. Subsequently, the mixture was combined with paramagnetic 
particles (PMP) coated with a capture antibody, forming an antigenic 
complex of AE-labeled antibody and PMP. After isolating and 
removing unbound AE-labeled antibodies, acids and bases were 
added to initiate chemiluminescence, and the emitted light was 
quantified. Each phase of this process was fully automated using the 
Atellica immunoassay system. Detailed laboratory procedure guides 
were available on the NHANES website.Based on log sNfL values, 
participants were divided into tertiles: T1, T2, and T3, from lowest 
to highest.

Calculation and grouping of eGFR

The eGFR was calculated using the CKD-EpI 2021 equation (5, 
15), which took into account age, gender and serum creatinine levels, 
as detailed in the literature. Serum creatinine measurement was 
performed using the Jaffe rate method on the DxC800 modular 
chemistry analyzer. In this procedure, a precise volume of the sample 
was introduced into a reaction vessel containing an alkaline picrate 
solution. Absorbance measurements were taken at 520 nm between 19 
and 25 s after the sample was injected. The creatinine in the sample 
reacted with the reagent to form a red-colored complex. The rate of 
absorbance change was directly proportional to the creatinine 
concentration in the sample. Based on eGFR values, participants were 
categorized into three groups: low (<60 mL/min/1.73 m2), medium 
(60–89 mL/min/1.73 m2), and high (≥90 mL/min/1.73 m2).

Assessment of covariates and mortality 
data

To minimize confounding effects on study outcomes, covariates 
were identified based on the literature. These variables included 

1  https://wwwn.cdc.gov/Nchs/Nhanes/2013-2014/SSSNFL_H.htm
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gender, age, BMI, ethnicity (categorized as non-Hispanic White, 
non-Hispanic Black, or other), and education level (classified as less 
than high school, high school or above). Alcohol consumption was 
defined as moderate or more if females consumed at least 1 drink per 
day or males consumed at least 2 drinks per day; otherwise, it was 
categorized as light or less (16). Smoking status was categorized as 
never smoked (<100 cigarettes in a lifetime), former smoker (≥100 
cigarettes smoked but currently not smoking), and current smoker 
(currently smoking). Self-reported chronic conditions included 
hypertension, CVD (including angina, congestive heart failure, 
coronary heart disease, and stroke). The diagnosis of diabetes mellitus 
included (17): (1) self-reported diagnosis of diabetes; (2) use of 
antidiabetic medications; (3) hemoglobin A1c (HbA1c) level ≥ 6.5%; 
(4) fasting blood glucose ≥126 mg/dL. Additionally, kidney-related 
indicators collected included blood urea nitrogen, serum creatinine, 
serum uric acid, urine albumin, urine creatinine, and urine albumin-
to-creatinine ratio. Mortality information obtained from death 
certificates in the national death index was linked to NHANES using 
participant sequence numbers common to both datasets. Specifically, 
this study utilized the publicly available linked mortality files from 
NHANES 2013–2014, providing follow-up duration and causes of 
death for adult participants up to December 31, 2019.

Statistical analysis

We applied WTSSNH2Y as the sample weight to adjust for the 
complex multistage probability sampling design and analyzed sNfL 
levels. All analyses were conducted in line with NHANES 
guidelines, taking into account sample weights, clustering, and 
stratification. For more details on sample weight usage and other 
analytical considerations, please refer to the online tutorials 
available (18).2 Data for continuous variables were presented as 
weighted means ± standard deviations (SD) or median and 
interquartile range (IQR), while categorical variables were shown 
as unweighted frequencies (weighted percentages). The p-value, 
representing the differences among the sNFL tertiles, was 
calculated by applying a weighted Kruskal-Wallis test for 
continuous variables and a weighted chi-square test for categorical 
variables. Because sNfL levels were not normally distributed, they 
were log-transformed. The relationship between sNfL and eGFR 
levels was assessed using unadjusted and multivariable adjusted 
weighted linear regression models to obtain the β, confidence 
intervals, and p-value in the crude model, models I and II. The 
weights were incorporated into the analysis itself. The Crude model 
was unadjusted; Model I was adjusted for gender, age, BMI; and 
Model II was adjusted for gender, age, BMI, ethnicity, alcohol 
consumption, smoking status, hypertension, diabetes, and CVD. To 
evaluate the stability of the results, eGFR was treated as both a 
continuous and a categorical variable, the latter categorized into 
three groups, across the three models. Additionally, trend tests 
were conducted using the median values of eGFR divided into 
three groups for further comparison. For further stability 
assessment, subgroup analyses were performed, calculating the β, 

2  https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx

confidence intervals, and p-value using weighted multivariate 
linear regression with adjustments based on Model II variables. 
Subgroup stratification factors included age, gender, BMI, smoking 
status, alcohol consumption, hypertension, diabetes, and CVD, as 
suggested by previous literature. The strata variable was not 
considered when stratifying by itself. Interaction analyses between 
the stratification variables and eGFR (per 10-unit) were also 
conducted. Restricted cubic spline (RCS) analysis and scatter plots 
were used to visualize the relationship between log sNfL and 
eGFR. Additionally, gender-specific RCS and scatter plots were 
generated to explore this relationship. Spearman correlation 
analysis was also conducted to describe the association between 
log sNfL and eGFR. Statistical analyses were carried out using R 
software (version 4.3.3), and a two-tailed p value of less than 0.05 
was considered statistically significant.

Results

Baseline characteristics of population

In this study, a total of 2038 participants were included for final 
analysis based on the inclusion and exclusion criteria (Figure 1). 
Table  1 presented the baseline weighted characteristics of the 
enrolled population, stratified by tertiles of log sNfL. Males had 
higher sNfL levels than females in both the T2 and T3 groups 
(p < 0.01). Significant differences were observed among the three 
groups in terms of age, BMI, ethnicity, smoking status, 
hypertension, diabetes, and CVD (p < 0.05). As sNfL levels 
increased, eGFR decreased, while blood urea nitrogen, serum 
creatinine, and uric acid levels increased significantly (p < 0.01). 
The urine albumin-to-creatinine ratio was higher in the T3 group 
compared to the T1 and T2 groups (p < 0.01). However, no 
statistical differences were found in education, alcohol 
consumption, or urine creatinine (p > 0.05). Follow-up until 
December 31, 2019, revealed a weighted overall mortality rate of 
3.1%. Weighted mortality rates were 1.1, 2.6, and 5.9% in the T1, 
T2, and T3 groups, respectively, indicating increased mortality 
with higher sNfL levels (p < 0.01).

Weighted linear regression analysis of 
association between sNfL and eGFR

When eGFR was analyzed as a continuous variable, a negative 
correlation with sNfL was observed. In the Crude Model, Model I, and 
Model II, each 10-unit increase in eGFR was significantly associated 
with reductions in log sNfL by −0.15 (−0.17, −0.13), −0.07 (−0.10, 
−0.05), and − 0.07 (−0.10, −0.04), respectively (Table 2). Furthermore, 
this inverse relationship persisted even when eGFR was categorized 
into three groups (Low, Medium, and High). After multivariate 
adjustments for age, gender, BMI, ethnicity, smoking status, alcohol 
consumption, hypertension, diabetes, and CVD, participants with the 
highest eGFR levels had significantly lower log sNfL levels by −0.46 
(−0.89, −0.03) compared to those with the lowest eGFR levels 
(Table 2). Trend tests showed significant differences across the Crude 
Model, Model I, and Model II when eGFR was treated as a categorical 
variable (p < 0.001).
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Stratified analyses of association between 
sNfL and eGFR

To further evaluate the robustness of the negative association 
between sNfL and eGFR, subgroup analyses were conducted, stratified 
by age, gender, BMI, smoking status, alcohol consumption, 
hypertension, diabetes, and CVD. Significant negative correlations 
between log sNfL and eGFR (per 10-unit increase) were observed 
across all subgroups (p < 0.01). Interaction analysis revealed a 
significant interaction between gender and eGFR (p = 0.032). 
Specifically, for each 10-unit increase in eGFR, log sNfL decreased by 
−0.06 (−0.09, −0.04) in males and by −0.07 (−0.11, −0.04) in females, 
with females demonstrating a slightly greater decrease in log 
sNfL. These findings are summarized in Table 3.

The restricted cubic spline and scatter plot 
between log sNfL and eGFR

The restricted cubic spline indicated a linear relationship between 
log sNfL and eGFR (p-non-linear = 0.121). The Spearman correlation 
coefficient was −0.45 (p < 0.01). As eGFR increased, log sNfL levels 
gradually decreased (Figure  2). Further stratification by gender 
showed that both males and females exhibited decreasing log sNfL 
levels with higher eGFR levels. The curve revealed that females had 
slightly lower log sNfL levels compared to males at equivalent eGFR 
levels (Figure 3). The Spearman correlation coefficients were − 0.41 for 
males and − 0.49 for females (both p < 0.01).

Discussion

Our study uncovered three key findings. Firstly, a significant 
negative correlation between log sNfL and eGFR levels was identified, 

which remained robust after multivariate adjustment and subgroup 
analysis. Secondly, interaction analysis highlighted a significant 
interaction between gender and eGFR levels. Females showed lower 
sNfL levels compared to males at equivalent eGFR levels, and the 
decrease in log sNfL with each 10-unit increase in eGFR was more 
pronounced in females. Lastly, the mortality rate was found to increase 
with higher sNfL levels. These findings deepen our understanding of 
kidney-brain interactions and underscore the potential impact 
of gender.

The relationship between kidney function and sNfL levels has 
been explored in several studies. Dittrich et  al. studied 744 
participants aged 70 years and older, adjusting for various 
confounding factors such as age, gender, hypertension, diabetes, 
smoking, and BMI. Their regression analysis revealed a statistically 
significant association between sNfL and CKD, as well as a 
significant correlation between sNfL and eGFR. Compared to 
participants with normal kidney function, those with CKD 
exhibited a higher linear regression coefficient between eGFR and 
sNfL (19). Akamine et  al. studied 43 healthy participants aged 
60 years and older, along with 188 diabetic patients, finding 
positive correlations between sNfL and serum creatinine levels, 
and negative correlations with eGFR levels (20). Kortvelyessy et al. 
also observed a positive correlation between sNfL and serum 
creatinine among 48 coronavirus infected patients, which was 
associated with adverse outcomes (21).In a prospective population-
based cohort study with 17 years follow-up, it was found that 
declining kidney function was associated with increased levels of 
blood biomarkers related to dementia (such as sNfL and p-tau181), 
although not directly linked to dementia risk (22). Previous studies 
have shown a negative correlation between sNfL and eGFR levels, 
but these studies often involved older participants, small sample 
sizes, or were disease-specific, limiting the generalizability of their 
findings to broader populations. In contrast, our study utilized data 
from 2,038 participants in the NHANES database, covering 

FIGURE 1

Flowchart for eligible participants selection.
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TABLE 1  Characteristics of included participants based on log sNfL tertiles (n  =  2038).

Characteristic Overall Log sNfL p-value

T1 T2 T3

Gender, n (%) 0.010

 � Male 977 (48.8%) 283 (43.2%) 342 (51.9%) 352 (51.4%)

 � Female 1,061 (51.2%) 394 (56.8%) 341 (48.1%) 326 (48.6%)

Age(years), mean (SD) 44.91 (15.14) 35.15 (10.80) 46.44 (13.95) 53.82 (14.29) <0.001

Body mass index, kg/m2, mean (SD) 29.30 (7.34) 29.56 (7.27) 28.49 (6.93) 29.92 (7.76) 0.008

Ethnicity, n (%) 0.001

 � Non-Hispanic white 892 (64.8%) 256 (54.8%) 308 (68.0%) 328 (72.1%)

 � Non-Hispanic black 365 (12.0%) 122 (13.9%) 118 (11.3%) 125 (10.6%)

 � Other 781 (23.2%) 299 (31.2%) 257 (20.6%) 225 (17.3%)

Education, n (%) 0.4

 � Less than high school 444 (15.8%) 150 (17.6%) 135 (15.1%) 159 (14.6%)

 � High school or above 1,594 (84.2%) 527 (82.4%) 548 (84.9%) 519 (85.4%)

Alcohol consumption, n (%) 0.11

 � Light or less 867 (36.7%) 255 (33.5%) 296 (36.7%) 316 (40.0%)

 � Moderate or more 1,171 (63.3%) 422 (66.5%) 387 (63.3%) 362 (60.0%)

Smoking status, n (%) 0.020

 � Never smoker 1,146 (56.8%) 433 (64.0%) 373 (54.4%) 340 (51.6%)

 � Former smoker 448 (22.1%) 110 (16.9%) 159 (23.3%) 179 (26.5%)

 � Current smoker 444 (21.1%) 134 (19.1%) 151 (22.4%) 159 (22.0%)

Hypertension, n (%) <0.001

 � No 1,326 (68.0%) 543 (82.2%) 441 (65.8%) 342 (54.9%)

 � Yes 712 (32.0%) 134 (17.8%) 242 (34.2%) 336 (45.1%)

Diabetes, n (%) <0.001

 � No 1,719 (87.7%) 638 (95.6%) 585 (88.3%) 496 (78.3%)

 � Yes 319 (12.3%) 39 (4.4%) 98 (11.7%) 182 (21.7%)

CVD, n (%) <0.001

 � No 1,898 (94.0%) 670 (99.3%) 644 (94.5%) 584 (87.6%)

 � Yes 140 (6.0%) 7 (0.7%) 39 (5.5%) 94 (12.4%)

eGFR, ml/min/1.73 m2, median (IQR) 99.52 (84.85, 112.72) 110.58 (99.24, 119.68) 97.50 (85.13, 109.24) 89.50 (74.91, 101.61) <0.001

eGFR, n (%) <0.001

 � Low 87 (3.4%) 0 (0.0%) 14 (1.4%) 73 (9.2%)

 � Medium 573 (28.8%) 93 (15.0%) 204 (30.9%) 276 (41.6%)

 � High 1,378 (67.8%) 584 (85.0%) 465 (67.7%) 329 (49.2%)

Blood urea nitrogen (mmol/L), mean (SD) 4.57 (1.76) 4.05 (1.30) 4.58 (1.42) 5.13 (2.27) <0.001

Creatinine (umol/L), mean (SD) 77.23 (23.68) 71.56 (15.08) 76.68 (16.55) 83.97 (33.98) <0.001

Uric acid (umol/L), mean (SD) 323.59 (83.08) 314.14 (77.48) 320.35 (83.82) 337.36 (86.42) 0.008

Urine albumin,(mg/L), median (IQR) 7.40 (4.10, 14.90) 8.00 (4.20, 15.80) 6.40 (3.90, 12.37) 8.20 (4.50, 17.29) 0.003

Urine creatinine (mmol/L), median (IQR) 9.46 (5.57, 14.67) 10.17 (5.66, 15.51) 8.84 (5.30, 14.16) 9.37 (5.86, 14.23) 0.094

UACR, (mg/g), median (IQR) 6.73 (4.62, 12.23) 6.52 (4.25, 11.43) 6.42 (4.62, 10.91) 7.89 (5.00, 15.13) 0.004

Survival condition 0.003

 � Survival 1,963 (96.9%) 669 (98.9%) 663 (97.4%) 631 (94.1%)

 � Dead 75 (3.1%) 8 (1.1%) 20 (2.6%) 47 (5.9%)

sNfL, serum neurofilament light chain; eGFR, estimated glomerular filtration rate; SD, standard deviation; IQR, interquartile range; CVD, cardiovascular and cerebrovascular related diseases; 
UACR, urine albumin-to-creatinine Ratio.
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individuals aged 20 years and older with an average age of 
44.91 years. By rigorously adjusting for confounding factors 
observed in previous research, our study provides robust and 
widely applicable conclusions.

The mechanisms underlying how kidney function influences 
sNfL levels remain unclear. One hypothesis suggests that sNfL may 
be cleared by the kidneys, potentially leading to an overestimation 
of neuronal damage risk among individuals with impaired kidney 

TABLE 3  Stratified analyses of association between Log sNfL and eGFR# (n =  2038).

Variables Model II β (95%CI) p-value interaction of β (95%CI), p-value

Stratified by gender −0.02 (−0.05, 0.00), 0.032

 � Male −0.06 (−0.09, −0.04) <0.001

 � Female −0.07 (−0.11, −0.04) <0.001

Stratified by age 0.00 (0.00, 0.00), 0.13

 � <60 years −0.10 (−0.13, −0.07) <0.001

 � ≥60 years −0.10 (−0.15, −0.06) <0.001

Stratified by body mass index 0.00 (0.00, 0.00), 0.8

 � <25 kg/m2 −0.07 (−0.11, −0.02) <0.001

 � 25–30 kg/m2 −0.06 (−0.13, 0.00) 0.006

 � >30 kg/m2 −0.07 (−0.12, −0.02) <0.001

Stratified by alcohol 0.02 (−0.03, 0.06), 0.3

 � Light or less −0.09 (−0.14, −0.04) <0.001

 � Moderate or more −0.05 (−0.08, −0.03) <0.001

Stratified by smoke −0.01 (−0.04, 0.03), 0.6

 � Never smoker −0.06 (−0.09, −0.03) <0.001

 � Former smoker −0.09 (−0.14, −0.04) <0.001

 � Current smoker −0.07 (−0.13, −0.01) 0.002

Stratified by hypertension −0.02 (−0.06, 0.01),0.055

 � No −0.05 (−0.08, −0.02) <0.001

 � Yes −0.10 (−0.14, −0.05) <0.001

Stratified by diabetes −0.01 (−0.08, 0.06), 0.6

 � No −0.06 (−0.08, −0.03) <0.001

 � Yes −0.11 (−0.17, −0.04) <0.001

Stratified by CVD −0.02 (−0.10, 0.06), 0.5

 � No −0.06 (−0.09, −0.04) <0.001

 � Yes −0.15 (−0.26, −0.05) <0.001

Model II: adjusted for gender, age, BMI, ethnicity, alcohol consumption, smoking status, hypertension, diabetes, and CVD. sNfL, serum neurofilament light chain; eGFR, estimated glomerular 
filtration rate; eGFR#: per 10-unit eGFR; BMI, body mass index; CVD, cardiovascular and cerebrovascular related diseases; CI, confidence interval; β, regression coefficient.

TABLE 2  Weighted liner regression analysis of association between Log sNfL and eGFR (n =  2038).

eGFR level Crude Model β 
(95%CI)

p Model I β 
(95%CI)

p Model II β 
(95%CI)

p

Continuous variable (Per 10 units) −0.15 (−0.17, −0.13) <0.001 −0.07 (−0.10, −0.05) <0.001 −0.07 (−0.10, −0.04) <0.001

Categorical variable <0.001 <0.001 <0.001

 � Low Reference Reference Reference

 � Medium −0.59 (−0.81, −0.37) <0.001 −0.42 (−0.68, −0.16) 0.005 −0.34 (−0.82, 0.14) 0.092

 � High −0.96 (−1.2, −0.77) <0.001 −0.54 (−0.78, −0.30) <0.001 −0.46 (−0.89, −0.03) 0.045

p for trend <0.001 <0.001 <0.001

Crude model: unadjusted; Model I: adjusted for gender, age, BMI; Model II: adjusted for gender, age, BMI, ethnicity, alcohol consumption, smoking status, hypertension, diabetes, and CVD. 
sNfL, serum neurofilament light chain; eGFR, estimated glomerular filtration rate; BMI, body mass index; CVD, cardiovascular and cerebrovascular related diseases; CI, confidence interval; β, 
regression coefficient.
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function (22). Another hypothesis suggests that declining kidney 
function may contribute to neuronal damage through several 
pathways. Firstly, reduced levels of neuroprotective factors such as 
erythropoietin and active vitamin D have been implicated (23, 24). 
Secondly, elevated urea levels have been shown to alter the 
cytoskeleton and tight junction proteins in cultured endothelial 
cells, potentially disrupting the blood–brain barrier and increasing 
susceptibility to cerebral microbleeds (25). Additionally, cerebral 
artery mean flow velocity decreases over time during dialysis (26). 
Moreover, excessive activation of the renin-angiotensin-
aldosterone system due to inflammation and oxidative stress may 
lead to sympathetic over activity, influencing blood pressure 
fluctuations and fluid balance, thereby impacting cerebral blood 
flow and neuronal health (27). These findings highlight the need 
for further investigation into the causal relationships between 
kidney and cerebral function through clinical and basic 
research efforts.

Notably, in this study, we observed inconsistent increases in 
sNfL levels at equivalent eGFR levels between genders. Specifically, 
females exhibited significantly lower sNfL levels than males at the 
same eGFR levels. Moreover, with each 10-unit increase in eGFR, 
the decrease in log sNfL was more pronounced in females. This 
phenomenon may be attributed to physiological and metabolic 
differences between genders, reflecting distinct roles of gender in 
kidney and nervous system injury and repair mechanisms. 
Research has shown that female estrogen receptor knockout mice 
exhibited aggravated damage in kidney ischemia–reperfusion 
injury, whereas female mice pre-treated with estrogen showed 

protective effects (28). Additionally, estrogen exerted protective 
effects by counteracting inflammation and mitochondrial 
dysfunction via the estrogen receptor α/silent mating type 
information regulation 2 homolog 1 pathway (29). In contrast, 
testosterone inhibited the activation of nitric oxide synthases and 
Akt following ischemia, as well as reduced the ratio of 
phosphorylated extracellular signal-related kinase to c-jun 
N-terminal kinase through non-androgen receptor mechanisms, 
leading to increased inflammation and heightened susceptibility to 
ischemia–reperfusion injury (30). Researches found that compared 
to control groups, ovariectomized female forebrain neuron-specific 
aromatase knockout mice exhibited diminished astrocyte 
activation, reduced hippocampal 17β-Estradiol levels, and more 
severe neuronal damage after global cerebral ischemia (31). 
Moreover, the study by Morale et al. demonstrated that estrogen 
protected midbrain dopaminergic neurons by regulating neuroglial 
inflammatory responses (32). These findings indicated that 
estrogen exerted protective effects in females by promoting anti-
inflammatory and repair pathways, whereas testosterone in males 
might have enhanced inflammatory responses and susceptibility to 
damage, supported our study’s conclusions. This discovery has 
significant implications for further understanding kidney-brain 
interactions and highlights the importance of considering gender 
differences in the assessment and management of kidney-brain 
diseases in clinical practice.

Additionally, in this study, we found that elevated sNfL levels were 
significantly associated with increased mortality, which was consistent 
with previous findings. Nguyen et al. conducted a 14–15 year follow-up 

FIGURE 2

The restricted cubic spline and scatter plot between log sNfL and eGFR. sNfL, Serum neurofilament light chain; eGFR, estimated glomerular filtration 
rate.
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FIGURE 3

The restricted cubic spline and scatter plot between log sNfL and eGFR among males and females. (Gender  =  1 represents males, Gender  =  2 
represents females). sNfL, Serum neurofilament light chain; eGFR, estimated glomerular filtration rate.

study on 294 African Americans aged 49–65 years, finding that baseline 
sNfL levels were significantly elevated in those who died (33). Rubsamen 
et al. studied 385 participants aged 65 years and older with no apparent 
neurological disorders, finding that sNfL was independently associated 
with all-cause mortality (34). The participants in these studies were 
relatively older, necessitating caution when generalizing these 
conclusions to younger populations. However, recent studies on 
populations aged 20 years and above have found a significant positive 
correlation between higher sNfL levels and all-cause mortality (35, 36). 
Similar to our study, but with inconsistent inclusion exclusion criteria, 
we demonstrated that the efficacy of sNfL in predicting death outcomes 
was stable. These findings indicated that sNfL not only reflects the 
health status of the nervous system but can also predict overall health 
and survival outcomes.

Our study possessed several notable strengths. First, 
we  utilized complete data from the 2013–2014 NHANES 
database, which included a broad and representative sample of 
participants, including younger individuals. By conducting 
weighted analyses based on NHANES sampling characteristics, 
our study results demonstrated high external validity and 
generalizability. Second, we employed multivariable adjustments 
and subgroup analyses in our evaluation. These adjustments not 

only helped eliminate the influence of confounding factors but 
also allowed for a robust assessment of the independent 
relationship between eGFR and sNfL, thereby enhancing the 
internal validity of our findings. Third, the database utilized 
standardized methods for data collection and uniform sNfL 
measurement techniques, ensuring the accuracy and reliability of 
the data.

However, despite these strengths, our study had some 
limitations that needed to be acknowledged. Although our study 
sample was large and representative, the relationship between sNfL 
and eGFR was primarily based on cross-sectional statistical analysis, 
which prevented us from establishing a definitive causal 
relationship. Additionally, the 2013–2014 cycle of the NHANES 
database did not measure cerebrospinal fluid (CSF) NfL levels, 
leaving the relationship between CSF NfL levels and kidney 
function unclear. Nevertheless, previous literature reported a strong 
correlation between sNfL levels and CSF NfL levels (37, 38). Finally, 
although we  adjusted for multiple variables, the possibility of 
residual confounding could not be completely ruled out.

In summary, this study revealed a significant negative 
correlation between sNfL and eGFR levels and identified potential 
gender differences in this relationship. Our findings offered a new 
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perspective on understanding the intricate connections between 
kidney function and brain health. However, the causal relationship 
between kidney-brain interaction and gender disparities require 
further longitudinal and mechanistic studies to validate 
these findings.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by National Center 
for Health Statistics Research Ethics Review Board. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study.

Author contributions

HP: Data curation, Writing – original draft, Methodology. ZL: 
Methodology, Writing – original draft. BH: Formal analysis, Software, 
Writing – review & editing. SZ: Writing – review & editing. YY: 
Writing – original draft.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study was 
funded by Guangzhou Health Science and Technology project 
(20231A011031).

Acknowledgments

The authors express gratitude to the staff and participants of the 
NHANES study for their significant contributions.

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.

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.

References
	1.	Khalil M, Teunissen CE, Otto M, Piehl F, Sormani MP, And Gattringer T, et al. 

Neurofilaments as biomarkers in neurological disorders. Nat Rev Neurol. (2018) 
14:577–89. doi: 10.1038/s41582-018-0058-z

	2.	Geis T, Gutzeit S, Fouzas S, Ambrosch A, Benkert P, And Kuhle J, et al. Serum 
neurofilament light chain (nfl) levels in children with and without neurologic diseases. 
Eur J Paediatr Neurol. (2023) 45:9–13. doi: 10.1016/j.ejpn.2023.05.003

	3.	Lambertsen KL, Soares CB, Gaist D, Nielsen HH. Neurofilaments: the c-reactive 
protein of neurology. Brain Sci. (2020) 10:56. doi: 10.3390/brainsci10010056

	4.	Tiedt S, Duering M, Barro C, Kaya AG, Boeck J, Bode FJ, et al. Serum neurofilament 
light: a biomarker of neuroaxonal injury after ischemic stroke. Neurology. (2018) 
91:e1338–47. doi: 10.1212/WNL.0000000000006282

	5.	Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, Sang Y, et al. New 
creatinine- and cystatin c-based equations to estimate gfr without race. N Engl J Med. 
(2021) 385:1737–49. doi: 10.1056/NEJMoa2102953

	6.	Kawada T. Estimated glomerular filtration rate and risk of all-cause mortality. J 
Diabetes. (2024) 16:e13513. doi: 10.1111/1753-0407.13513

	7.	Kelly DM, Rothwell PM. Disentangling the relationship between chronic kidney 
disease and cognitive disorders. Front Neurol. (2022) 13:830064. doi: 10.3389/
fneur.2022.830064

	8.	Kelly D, Rothwell PM. Disentangling the multiple links between renal dysfunction 
and cerebrovascular disease. J Neurol Neurosurg Psychiatry. (2020) 91:88–97. doi: 
10.1136/jnnp-2019-320526

	9.	Sun HL, Yao XQ, Lei L, Jin WS, Bai YD, Zeng GH, et al. Associations of blood and 
cerebrospinal fluid abeta and tau levels with renal function. Mol Neurobiol. (2023) 
60:5343–51. doi: 10.1007/s12035-023-03420-w

	10.	Chen X, Kong J, Pan J, Huang K, Zhou W, And Diao X, et al. Kidney damage 
causally affects the brain cortical structure: a mendelian randomization study. 
EBioMedicine. (2021) 72:103592. doi: 10.1016/j.ebiom.2021.103592

	11.	Xie Z, Tong S, Chu X, Feng T, Geng M. Chronic kidney disease and cognitive 
impairment: the kidney-brain axis. Kidney Dis. (2022) 8:275–85. doi: 10.1159/000524475

	12.	Polymeris AA, Helfenstein F, Benkert P, Aeschbacher S, Leppert D, And Coslovsky 
M, et al. Renal function and body mass index contribute to serum neurofilament light 

chain levels in elderly patients with atrial fibrillation. Front Neurosci. (2022) 16:819010. 
doi: 10.3389/fnins.2022.819010

	13.	Sjolin K, Aulin J, Wallentin L, Eriksson N, Held C, Kultima K, et al. Serum 
neurofilament light chain in patients with atrial fibrillation. J Am Heart Assoc. (2022) 
11:e25910. doi: 10.1161/JAHA.122.025910

	14.	Sotirchos ES, Fitzgerald KC, Singh CM, Smith MD, Reyes-Mantilla M, Hersh CM, 
et al. Associations of snfl with clinico-radiological measures in a large ms population. 
Ann Clin Transl Neurol. (2023) 10:84–97. doi: 10.1002/acn3.51704

	15.	Lee S, Lee GH, Kim H, Yang HS, Hur M. Application of the european kidney 
function consortium equation to estimate glomerular filtration rate: a comparison study 
of the ckid and ckd-epi equations using the Korea national health and nutrition 
examination survey (knhanes 2008-2021). Med Lith. (2024) 60:612. doi: 10.3390/
medicina60040612

	16.	Mahemuti N, Jing X, Zhang N, Liu C, Li C, Cui Z, et al. Association between 
systemic immunity-inflammation index and hyperlipidemia: a population-based study 
from the nhanes (2015-2020). Nutrients. (2023) 15:1177. doi: 10.3390/nu15051177

	17.	Ciardullo S, Muraca E, Bianconi E, Cannistraci R, Perra S, And 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

	18.	Zhu N, Zhu J, Lin S, Yu H, 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

	19.	Dittrich A, Ashton NJ, Zetterberg H, Blennow K, Zettergren A, Simren J, et al. 
Association of chronic kidney disease with plasma nfl and other biomarkers of 
neurodegeneration: the h70 birth cohort study in Gothenburg. Neurology. (2023) 
101:e277–88. doi: 10.1212/WNL.0000000000207419

	20.	Akamine S, Marutani N, Kanayama D, Gotoh S, Maruyama R, Yanagida K, et al. 
Renal function is associated with blood neurofilament light chain level in older adults. 
Sci Rep. (2020) 10:20350. doi: 10.1038/s41598-020-76990-7

	21.	Kortvelyessy P, Diekamper E, Ruprecht K, Endres M, Stubbemann P, And Kurth 
F, et al. Serum neurofilament light chain in covid-19 and the influence of renal function. 
Eur J Med Res. (2023) 28:389. doi: 10.1186/s40001-023-01375-1

https://doi.org/10.3389/fneur.2024.1457984
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1038/s41582-018-0058-z
https://doi.org/10.1016/j.ejpn.2023.05.003
https://doi.org/10.3390/brainsci10010056
https://doi.org/10.1212/WNL.0000000000006282
https://doi.org/10.1056/NEJMoa2102953
https://doi.org/10.1111/1753-0407.13513
https://doi.org/10.3389/fneur.2022.830064
https://doi.org/10.3389/fneur.2022.830064
https://doi.org/10.1136/jnnp-2019-320526
https://doi.org/10.1007/s12035-023-03420-w
https://doi.org/10.1016/j.ebiom.2021.103592
https://doi.org/10.1159/000524475
https://doi.org/10.3389/fnins.2022.819010
https://doi.org/10.1161/JAHA.122.025910
https://doi.org/10.1002/acn3.51704
https://doi.org/10.3390/medicina60040612
https://doi.org/10.3390/medicina60040612
https://doi.org/10.3390/nu15051177
https://doi.org/10.1210/clinem/dgac580
https://doi.org/10.1210/clinem/dgac580
https://doi.org/10.1186/s12889-024-17811-8
https://doi.org/10.1212/WNL.0000000000207419
https://doi.org/10.1038/s41598-020-76990-7
https://doi.org/10.1186/s40001-023-01375-1


Peng et al.� 10.3389/fneur.2024.1457984

Frontiers in Neurology 10 frontiersin.org

	22.	Stocker H, Beyer L, Trares K, Perna L, Rujescu D, And Holleczek B, et al. 
Association of kidney function with development of alzheimer disease and other 
dementias and dementia-related blood biomarkers. JAMA Netw Open. (2023) 
6:e2252387. doi: 10.1001/jamanetworkopen.2022.52387

	23.	Simon F, Floros N, Ibing W, Schelzig H, Knapsis A. Neurotherapeutic potential of 
erythropoietin after ischemic injury of the central nervous system. Neural Regen Res. 
(2019) 14:1309–12. doi: 10.4103/1673-5374.253507

	24.	Sultana OF, Hia RA, Reddy PH. A combinational therapy for preventing and 
delaying the onset of alzheimer's disease: a focus on probiotic and vitamin co-
supplementation. Antioxidants. (2024) 13:202. doi: 10.3390/antiox13020202

	25.	Lau WL, Nunes A, Vasilevko V, Floriolli D, Lertpanit L, Savoj J, et al. Chronic 
kidney disease increases cerebral microbleeds in mouse and man. Transl Stroke Res. 
(2020) 11:122–34. doi: 10.1007/s12975-019-00698-8

	26.	Findlay MD, Dawson J, Dickie DA, Forbes KP, Mcglynn D, And Quinn T, et al. 
Investigating the relationship between cerebral blood flow and cognitive function in 
hemodialysis patients. J Am  Soc Nephrol. (2019) 30:147–58. doi: 10.1681/
ASN.2018050462

	27.	Kaur J, Young BE, Fadel PJ. Sympathetic overactivity in chronic kidney 
disease: consequences and mechanisms. Int J Mol Sci. (2017) 18:1682. doi: 10.3390/
ijms18081682

	28.	Aufhauser DJ, Wang Z, Murken DR, Bhatti TR, Wang Y, Ge G, et al. Improved 
renal ischemia tolerance in females influences kidney transplantation outcomes. J Clin 
Invest. (2016) 126:1968–77. doi: 10.1172/JCI84712

	29.	Khan M, Ullah R, Rehman SU, Shah SA, Saeed K, Muhammad T, et al. 17beta-
estradiol modulates sirt1 and halts oxidative stress-mediated cognitive impairment in a 
male aging mouse model. Cells. (2019) 8:928. doi: 10.3390/cells8080928

	30.	Park KM, Kim JI, Ahn Y, Bonventre AJ, Bonventre JV. Testosterone is responsible 
for enhanced susceptibility of males to ischemic renal injury. J Biol Chem. (2004) 
279:52282–92. doi: 10.1074/jbc.M407629200

	31.	Lu Y., Sareddy G. R., Wang J., Zhang Q., Tang F. L., and pratap, U. p., Pratap U. P., 
Tekmal R. R., Vadlamudi R. K., Brann D. W. (2020). Neuron-derived estrogen is critical 
for astrocyte activation and neuroprotection of the ischemic brain. J Neurosci 40, 
7355–7374. doi: 10.1523/JNEUROSCI.0115-20.2020

	32.	Morale MC, Serra PA, L'Episcopo F, Tirolo C, Caniglia S, And Testa N, et al. 
Estrogen, neuroinflammation and neuroprotection in parkinson's disease: glia dictates 
resistance versus vulnerability to neurodegeneration. Neuroscience. (2006) 138:869–78. 
doi: 10.1016/j.neuroscience.2005.07.060

	33.	Nguyen AD, Malmstrom TK, Aggarwal G, Miller DK, Vellas B, Morley JE. 
Serum neurofilament light levels are predictive of all-cause mortality in late 
middle-aged individuals. EBioMedicine. (2022) 82:104146. doi: 10.1016/j.
ebiom.2022.104146

	34.	Rubsamen N, Maceski A, Leppert D, Benkert P, Kuhle J, And Wiendl H, et al. 
Serum neurofilament light and tau as prognostic markers for all-cause mortality in 
the elderly general population-an analysis from the memo study. BMC Med. (2021) 
19:38. doi: 10.1186/s12916-021-01915-8

	35.	Beydoun MA, Noren HN, Georgescu MF, Beydoun HA, Eid SM, Fanelli-
Kuczmarski MT, et al. Serum neurofilament light chain as a prognostic marker of all-
cause mortality in a national sample of us adults. Eur J Epidemiol. (2024) 39:795–809. 
doi: 10.1007/s10654-024-01131-7

	36.	Ciardullo S, Muraca E, Bianconi E, Ronchetti C, Cannistraci R, Rossi L, et al. Serum 
neurofilament light chain levels are associated with all-cause mortality in the general us 
population. J Neurol. (2023) 270:3830–8. doi: 10.1007/s00415-023-11739-6

	37.	Disanto G, Barro C, Benkert P, Naegelin Y, Schadelin S, And 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

	38.	Novakova L, Zetterberg H, Sundstrom P, Axelsson M, Khademi M, And 
Gunnarsson M, et al. Monitoring disease activity in multiple sclerosis using serum 
neurofilament light protein. Neurology. (2017) 89:2230–7. doi: 10.1212/
WNL.0000000000004683

https://doi.org/10.3389/fneur.2024.1457984
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1001/jamanetworkopen.2022.52387
https://doi.org/10.4103/1673-5374.253507
https://doi.org/10.3390/antiox13020202
https://doi.org/10.1007/s12975-019-00698-8
https://doi.org/10.1681/ASN.2018050462
https://doi.org/10.1681/ASN.2018050462
https://doi.org/10.3390/ijms18081682
https://doi.org/10.3390/ijms18081682
https://doi.org/10.1172/JCI84712
https://doi.org/10.3390/cells8080928
https://doi.org/10.1074/jbc.M407629200
https://doi.org/10.1523/JNEUROSCI.0115-20.2020
https://doi.org/10.1016/j.neuroscience.2005.07.060
https://doi.org/10.1016/j.ebiom.2022.104146
https://doi.org/10.1016/j.ebiom.2022.104146
https://doi.org/10.1186/s12916-021-01915-8
https://doi.org/10.1007/s10654-024-01131-7
https://doi.org/10.1007/s00415-023-11739-6
https://doi.org/10.1002/ana.24954
https://doi.org/10.1212/WNL.0000000000004683
https://doi.org/10.1212/WNL.0000000000004683

	Negative association of serum neurofilament light chain with estimated glomerular filtration rate levels and the impact of gender
	Introduction
	Methods
	Study population
	Calculation and grouping of sNfL
	Calculation and grouping of eGFR
	Assessment of covariates and mortality data
	Statistical analysis

	Results
	Baseline characteristics of population
	Weighted linear regression analysis of association between sNfL and eGFR
	Stratified analyses of association between sNfL and eGFR
	The restricted cubic spline and scatter plot between log sNfL and eGFR

	Discussion

	References

