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Abstract
Background In the past, there has been a clear conclusion regarding the sole impact of serum neurofilament light 
chain (sNfL) levels or type 2 diabetes mellitus (DM) on the risk of death. However, the combined effect of sNfL levels 
and type 2 DM on all-cause and cardiovascular mortality is still uncertain.

Methods This study was a prospective cohort study based on data from the National Health and Nutrition 
Examination Survey (NHANES). The sNfL levels were measured through immunological methods using blood samples 
collected during the survey. The diagnosis of diabetes was based on rigorous criteria, and participants’ mortality data 
were followed up until December 31, 2019. Firstly, we separately examined the effects of sNfL and type 2 DM on 
all-cause and cardiovascular mortality, and finally studied the comprehensive impact of the combination of sNfL and 
type 2 DM on the risk of mortality. Cumulative Kaplan-Meier curves, multivariate logistic regression and sensitivity 
analysis were incorporated throughout the entire study.

Results Participants in the highest quartile of sNfL were observed. Multivariable COX regression model showed 
that increased sNfL levels and type 2 DM were respectively associated with an increased risk of all-cause and 
cardiovascular mortality. Furthermore, elevated sNfL levels were significantly associated with an increased risk of 
all-cause mortality and cardiovascular mortality after adjustment for confounding factors. When considering both 
elevated sNfL levels and type 2 DM, individuals had a significantly increased risk of mortality. Sensitivity analysis 
confirmed the robustness of the findings.

Conclusions These results suggest that elevated levels of sNfL and type 2 DM are associated with an increased risk 
of all-cause and cardiovascular mortality, and that participants with increased sNfL levels associated with type 2 DM 
have higher all-cause mortality and cardiovascular mortality.
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Introduction
Type 2 diabetes mellitus (DM) is a well-known meta-
bolic disorder characterized by high blood sugar levels 
and insulin resistance. It has been associated with vari-
ous complications such as cardiovascular disease, hyper-
tension, and metabolic syndrome [1–3]. In recent years, 
the incidence of type 2 DM has been rapidly increasing 
worldwide [4], leading to significant morbidity and mor-
tality and imposing a substantial burden on individuals 
and healthcare systems.

Neurofilament light chain (NfL) is a protein found in 
the cellular skeleton of neurons [5]. Previous research 
has shown that elevated levels of serum NfL (sNfL) are 
linked to the development of neurodegenerative diseases, 
as well as sleep disorders, cognitive impairments, and 
conditions like amyotrophic lateral sclerosis, in which it 
serves as an indicator of neuronal damage and loss [6–8]. 
sNfL has also been identified as an important biomarker 
in diseases related to the nervous system. Studies involv-
ing patients with atrial fibrillation have demonstrated 
significantly higher sNfL levels compared to individu-
als without this condition [9]. Similarly, in patients with 
COVID-19, sNfL has emerged as a valuable prognostic 
indicator [10, 11]. The potential of sNfL as a biomarker 
lies in its ability to provide real-time information on dis-
ease activity, progression, and response to treatment, 
which is important for early diagnosis, disease monitor-
ing, and assessment of treatment. Recent studies have 
indicated that sNfL exhibits higher levels in patients with 
type 2 DM and may be associated with cardiovascular 
mortality. In cardiovascular disease, increased levels of 
sNfL may reflect the presence of microvascular lesions 
and neuroinflammation, both of which are associated 
with an increased risk of adverse cardiovascular events 
[12]. However, there is currently limited research explor-
ing the association between sNfL levels and the risk of 
developing type 2 DM, as well as the impact of combined 
changes in sNfL and type 2 DM on mortality.

Although the impact of sNfL and type 2 DM on mor-
tality has been elucidated, their combined effect on all-
cause and cardiovascular mortality is still unclear. In our 
study, we hypothesised that sNfL plays a synergistic role 
with type 2 DM on mortality. Therefore, the primary aim 
of this study is to examine the potential impact of changes 
in sNfL levels combined with the presence of type 2 DM 
on the risk of mortality. By exploring these associations, 
we hope to contribute to a better understanding of the 
role of sNfL in type 2 DM and its potential implications 
for mortality.

Methods
Data sources
This study is based on the data obtained from National 
Health and Nutrition Examination Survey (NHANES), 
which is a nationally representative survey conducted in 
the United States. NHANES utilizes a stratified, multi-
stage, probability sampling design to select participants 
from various demographic groups. The survey collects 
demographic information, health status, dietary surveys, 
physical examinations, and laboratory test results. For 
this study, we utilized data from standardized question-
naires administered to the participants, as well as corre-
sponding health indicator data relevant to our research 
objectives. In order to assess mortality, participant data 
was linked with the National Death Index, which pro-
vides information on deaths in the United States. This 
study was approved by the NCHS Ethics Review Board 
(ERB) under Ethics Approval Number: continuation of 
protocol #2011-17. All participants provided written 
informed consent prior to participation in the study.

Study population
This study utilized survey data from the years 2013 to 
2014. The initial sample included a total of 10,175 partici-
pants. The participants’ mortality data were followed up 
until December 31, 2019. To ensure the study’s relevance 
to the adult population, individuals under the age of 20 
were excluded from the analysis. After applying the age 
exclusion criterion and accounting for missing informa-
tion related to type 2 DM and sNfL levels, 2,053 par-
ticipants were included in the final analysis. The specific 
criteria used for inclusion and exclusion can be found in 
Figure S1, which provides a visual representation of the 
participant selection process.

Primary variables
In this study, the sNfL levels were measured using a 
highly sensitive immunological method. The remaining 
or original serum samples from the NHANES 2013–2014 
were utilized and tested using an automated platform to 
determine the levels of sNfL. Further information and 
details about the measurement method can be found 
in the provided link: https://wwwn.cdc.gov/Nchs/
Nhanes/2013-2014/SSSNFL_H.htm.

In our study, the diagnosis of type 2 DM was strictly 
defined. The diagnosis was determined based on several 
criteria, including self-report of type 2 DM, use of insulin 
or oral hypoglycemic medication, fasting blood glucose 
(FBG) levels of 126 mg/dL or higher, or HbA1c (glycated 
hemoglobin) levels of 6.5% or higher [13].

Keywords Serum neurofilament light chain, Type 2 diabetes mellitus, Cardiovascular mortality, Longitudinal study, 
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Assessment of mortality
Mortality data for this analysis were obtained from 
the NHANES Public Use Link Mortality File and inte-
grated with the standard NHANES dataset using unique 
respondent serial numbers assigned to each participant. 
The cardiovascular deaths were identified using the 10th 
revision of the International Statistical Classification 
of Diseases codes I00-I09, I11, I13, and I20-I51, which 
encompass a range of cardiovascular conditions.In our 
analysis of all-cause mortality, we included all instances 
of death among participants during the follow-up period, 
without regard to the specific underlying cause of death. 
This approach provides a comprehensive assessment of 
the impact of elevated sNfL levels and type 2 diabetes on 
the overall risk of mortality.

Covariate
We rigorously accounted for confounding variables in 
our study by considering the following factors: age, sex, 
race, education, family poverty index (PIR), drinking 
status, smoking status, body mass index (BMI), Physi-
cal activity, hypertension, cardiovascular disease, and 
neurologic diseases. Specifically, age was stratified into 
60-year intervals. Race was subdivided into non-Hispanic 
Whites, non-Hispanic Blacks, and other races. Education 
level was categorized as below high school, high school, 
and above high school. Moreover, family PIR was divided 
into three groups based on two thresholds at 1.0 and 3.0. 
To account for drinking status, participants were classi-
fied as nondrinkers, low to moderate drinkers (defined as 
males consuming less than 2 drinks per day and females 
consuming less than 1 drink per day), or heavy drinkers 
(defined as males consuming 2 or more drinks per day 
and females consuming 1 or more drink per day). Fur-
thermore, smoking status was categorized as current, for-
mer, or never smoker. BMI was classified as under 25 kg/
m2, overweight (25–29.9 kg/m2), or obese (over 29.9 kg/
m2). Physical activity was classified as inactive, insuffi-
ciently active or active. In addition, we collected data on 
cardiovascular disease, hypertension, and neurologic dis-
eases through NHANES questionnaire items.

Statistical analysis
To account for the complex sampling design of NHANES 
and ensure the representativeness of the estimates, sur-
vey weights were applied to all calculations and analysis. 
Continuous variables without a normal distribution are 
presented as medians (interquartile ranges). Categori-
cal variables are presented as numbers (percentages). 
Cumulative Kaplan-Meier (KM) curves were plotted for 
all-cause and cardiovascular mortality based on sNfL lev-
els and the presence of type 2 DM. Log-rank tests were 
conducted to compare the differences between various 
groups. The Cox proportional hazards model is used to 

evaluate the association between sNfL and type 2 DM, 
as well as their combined effect, with mortality. The haz-
ard ratio (HR) and its 95% confidence interval (95%CI) 
were used to record the results. We utilized two different 
models: crude model and model 1 adjusted for age, sex, 
and race. To assess the robustness of the results, sensi-
tivity analysis were performed, excluding individuals with 
cancer history, individuals with neurologic diseases, and 
individuals with cardiovascular disease.

The statistical analysis of the data was performed using 
the R Language and Environment for Statistical Comput-
ing (version 4.1.3). A p-value threshold of less than 0.05 
was considered statistically significant.

Results
Baseline characteristics
The study included a total of 2053 participants, and peo-
ple over 60 years old accounted for 21.30%. The base-
line characteristics of the participants are presented in 
Table 1, stratified by quartiles of sNfL levels. Participants 
in the highest quartile of sNfL were observed to be older, 
with higher proportions of males, non-Hispanic whites, 
smokers, obese, and those with hypertension, cardio-
vascular disease, and neurological disease (P<0.05). In 
addition, they had higher all-cause and cardiovascular 
mortality (P<0.05).

Participants were also divided into two groups based 
on the presence or absence of type 2 DM (Table S1). Par-
ticipants with type 2 DM were older, had a higher pro-
portion of non-drinkers, higher smoking cessation rates, 
higher obesity rates, lower physical activity rates, and a 
higher prevalence of hypertension, cardiovascular dis-
eases, and neurological disorders (P<0.05). Participants 
with type 2 DM also had higher all-cause and cardiovas-
cular mortality (P<0.05).

Association between single sNfL or type 2 DM and 
mortality
Figures  1A and 2B depicts the KM survival curves 
based on the levels of sNfL. It is evident that subjects 
with elevated sNfL faced significantly increased cumu-
lative risks of all-cause and cardiovascular mortality 
compared to those with non-elevated sNfL (P < 0.001, 
P = 0.001, respectively). The association between sNfL 
levels and mortality risk was assessed using a multivari-
able Cox regression analysis (Table  2). After adjusting 
for confounding factors, the sNfL levels showed a posi-
tive association with all-cause and cardiovascular mor-
tality. (HR = 3.04, 95%CI: 2.14–4.33, HR = 4.70, 95%CI: 
3.26–6.77, respectively). Further divide participants into 
non-elevated and elevated group base on sNfL levels, 
the elevated sNfL significantly increased all-cause and 
cardiovascular mortality (HR = 4.38, 95%CI: 2.04–9.39, 
HR = 10.61, 95%CI: 2.05-55.00, respectively).
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Characteristics Total Quartiles of sNfL P value
< 8.2 8.3–12.3 12.4–19.1 > 19.1

Participants 2053 516 516 509 512
Age, years < 0.001
 20–59 1511 (78.70) 509 (99.56) 435 (86.97) 327 (70.77) 240 (55.26)
 ≥60 542 (21.30) 7 (0.44) 81 (13.03) 182 (29.23) 272 (44.74)
Sex, % 0.005
 Female 1063 (50.85) 301 (56.65) 262 (49.31) 258 (51.38) 242 (45.59)
 Male 990 (49.15) 215 (43.35) 254 (50.69) 251 (48.62) 270 (54.41)
Race/ethnicity, % < 0.001
 Non-Hispanic White 904 (65.11) 192 (53.83) 211 (63.01) 248 (72.08) 253 (72.50)
 Non-Hispanic Black 367 (11.84) 91 (13.70) 107 (13.88) 70 (8.13) 99 (11.45)
 Other race 782 (23.05) 233 (32.47) 198 (23.11) 191 (19.79) 160 (16.04)
Education level, % 0.619
 Below high school 451 (15.83) 113 (17.95) 108 (15.10) 100 (14.21) 130 (15.94)
 High school 429 (20.19) 98 (18.56) 118 (22.30) 100 (19.35) 113 (20.58)
 Above high school 1173 (63.98) 305 (63.49) 290 (62.60) 309 (66.44) 269 (63.47)
Family PIR, % 0.123
 ≤ 1.0 506 (18.38) 135 (20.92) 126 (18.66) 119 (17.73) 126 (15.96)
 1.1–3.0 767 (33.17) 195 (37.41) 183 (30.60) 184 (29.45) 205 (35.08)
 > 3.0 780 (48.45) 186 (41.67) 207 (50.74) 206 (52.82) 181 (48.96)
Drinking status, % 0.222
 Nondrinker 374 (15.47) 87 (15.32) 84 (14.21) 102 (15.75) 101 (16.66)
 Low-to-moderate drinker 1509 (74.97) 394 (77.11) 394 (78.36) 357 (72.37) 364 (71.70)
 Heavy drinker 170 (9.57) 35 (7.57) 38 (7.43) 50 (11.88) 47 (11.64)
Smoking status 0.024
 Never smoker 1141 (56.15) 322 (63.73) 305 (58.31) 265 (52.24) 249 (49.57)
 Former smoker 458 (22.45) 82 (15.64) 108 (22.03) 133 (25.37) 135 (27.34)
 Current smoker 454 (21.41) 112 (20.63) 103 (19.66) 111 (22.39) 128 (23.10)
BMI, % 0.007
 < 25.0 kg/m2 621 (29.33) 148 (27.48) 177 (32.87) 167 (32.80) 129 (24.03)
 25.0–29.9 kg/m2 652 (32.55) 141 (27.87) 159 (33.17) 185 (36.90) 167 (32.54)
 > 29.9 kg/m2 780 (38.13) 227 (44.65) 180 (33.96) 157 (30.30) 216 (43.43)
Physical activity 0.044
 Inactive 487 (22.77) 110 (20.19) 92 (17.66) 126 (23.29) 159 (30.48)
 Insufficiently active 673 (34.68) 190 (40.19) 163 (32.71) 148 (29.40) 172 (36.16)
 Active 893 (42.55) 216 (39.62) 261 (49.64) 235 (47.31) 181 (33.36)
Hypertension, % < 0.001
 No 1223 (62.77) 404 (81.35) 331 (65.55) 279 (58.33) 209 (44.08)
 Yes 830 (37.23) 112 (18.65) 185 (34.45) 230 (41.67) 303 (55.92)
Cardiovascular diseases, % < 0.001
 No 1888 (92.93) 510 (99.24) 492 (94.59) 461 (92.15) 425 (85.06)
 Yes 165 (7.07) 6 (0.76) 24 (5.41) 48 (7.85) 87 (14.94)
Neurologic diseases, % 130 (5.03) 10 (1.68) 13 (2.62) 37 (5.78) 70 (10.49) < 0.001
 Parkinson’s disease 16 (0.74) 5 (0.80) 1 (0.09) 1 (0.34) 9 (1.79)
 Epilepsy 15 (0.79) 4 (0.80) 4 (0.74) 3 (0.70) 4 (0.92)
 Cognitive impairment 55 (1.39) 1 (0.05) 3 (0.21) 15 (1.51) 36 (3.97)
 Stroke 52 (2.43) 1 (0.18) 6 (1.66) 19 (3.74) 26 (4.38)
type 2 DM, % < 0.001
 No 1688 (85.72) 478 (94.10) 456 (90.46) 410 (83.91) 344 (73.42)
 Yes 365 (14.28) 38 (5.90) 60 (9.54) 99 (16.09) 168 (26.58)
NfL, pg/mL 12.1 [8.1, 18.6] 6.2 [5.1, 7.2] 10.2 [9.2, 11.2] 14.9 [13.7, 16.7] 27.4 [22.5, 37.3] < 0.001
All-cause mortality, % < 0.001
 No 1970 (96.56) 515 (99.82) 503 (98.00) 485 (96.06) 467 (91.99)

Table 1 Baseline characteristics of the general adult population according to quartiles of sNfL in NHANES 2013–2014
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Moreover, Figs.  1B and 2B indicates that participants 
with type 2 DM exhibited significantly higher cumulative 
risks of all-cause and cardiovascular mortality in com-
parison to non-diabetic participants (P = 0.009, P = 0.009, 
respectively). And type 2 DM also increased both all-
cause and cardiovascular mortality among participants 
(HR = 2.49, 95%CI: 1.23–5.05, HR = 8.01, 95%CI: 1.99–
32.24, respectively).

Combined association between sNfL and type 2 DM and 
mortality
Furthermore, the impact of sNfL combined with type 
2 DM on mortality was assessed in Figs.  1C and 2C 
through the KM curves, which demonstrated a nota-
bly heightened risk of death in individuals with elevated 
sNfL levels and type 2 DM (all-cause: P = 0.004, cardio-
vascular: P = 0.033). To explore the independent effect of 
sNfL combined with type 2 DM on mortality, Tables  2 

Fig. 2 Kaplan-Meier cumulative survival curves for the cardiovascular mortality based on the levels of sNfL (A), type 2 DM (B), and the combination of 
both (C)

 

Fig. 1 Kaplan-Meier cumulative survival curves for the overall mortality based on the levels of sNfL (A), type 2 DM (B), and the combination of both (C)

 

Characteristics Total Quartiles of sNfL P value
< 8.2 8.3–12.3 12.4–19.1 > 19.1

 Yes 83 (3.44) 1 (0.18) 13 (2.00) 24 (3.94) 45 (8.01)
Cardiovascular mortality, % < 0.001
 No 2036 (99.34) 516 (100.00) 514 (99.79) 505 (99.62) 501 (97.85)
 Yes 17 (0.66) 0 (0.00) 2 (0.21) 4 (0.38) 11 (2.15)
Abbreviations: sNfL, serum neurofilament light chain; BMI, Body mass index; DM, diabetes mellitus; PIR, poverty income ratio. Continuous variables without a normal 
distribution are presented as medians [interquartile ranges]. Categorical variables are presented as numbers (percentages). Sampling weights were applied for 
calculation of demographic descriptive statistics; N reflect the study sample while percentages reflect the survey-weighted data

Table 1 (continued) 
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and 3 were utilized. Compared to non-diabetic individu-
als with no elevated sNfL levels, individuals with elevated 
sNfL levels and Type 2 DM had a significantly increased 
risk of all-cause mortality and cardiovascular mortality 
(HR = 3.79, 95%CI: 1.88–7.65, HR = 14.35, 95%CI: 2.79–
73.92, respectively).

Sensitivity analysis
Sensitivity analysis were conducted to confirm the 
robustness of the findings. After excluding participants 
who had cancer history, the combined effect of sNfL 
and type 2 DM increased the all-cause and cardiovas-
cular mortality risk (HR = 5.00, 95%CI: 2.25–11.10, 
HR = 70.42, 95%CI: 29.53-167.93, respectively). Similarly, 
after excluding participants with neurologic diseases and 
those with a history of cardiovascular disease, the com-
bined effect of sNfL and type 2 DM remained a risk fac-
tor for mortality (Table S2–4).

Discussion
This study, conducted through large-scale population 
analysis, suggests that an increase in sNfL levels and type 
2 DM are respectively associated with increased all-cause 
and cardiovascular mortality. Furthermore, the elevated 
levels of sNfL combined with type 2 DM are indepen-
dently associated with higher all-cause and cardiovas-
cular mortality. Sensitivity analysis further confirms the 
stability of these findings.

sNfL is a protein present in neurons that is released into 
the bloodstream when the nervous system is damaged 
[14]. Previous research has found an association between 
Type 2 DM and elevated sNfL levels, this indicates that 
the level of sNfL is more significant in the population of 
type 2 diabetes patients [15]. Therefore, solely focusing 
on the research of type 2 DM’s impact on all-cause and 
cardiovascular mortality is insufficient and unreasonable.

Furthermore, increased sNfL levels are also associated 
with higher mortality. A study in the general population 
of the United States found a clear association between 

Table 2 Association between sNfL levels and type 2 DM and their combined effect on all-cause mortality
Crude Model 1
HR (95% CI) P value HR (95% CI) P value

sNfL levels
 Continuous sNfL 3.21(2.47,4.18) < 0.001 3.04(2.14,4.33) < 0.001
 Not elevated 1 [Reference] 1 [Reference]
 Elevated 5.60(2.50,12.53) < 0.001 4.38(2.04,9.39) < 0.001
type 2 DM
 No 1 [Reference] 1 [Reference]
 Yes 3.13(1.48,6.60) 0.003 2.49(1.23,5.05) 0.011
sNfL and type 2 DM
 No type 2 DM 1 [Reference] 1 [Reference]
 type 2 DM and not elevated 1.25(0.50, 3.11) 0.626 1.14(0.45,2.93) 0.778
 type 2 DM and elevated 5.10(2.39,10.89) < 0.001 3.79(1.88,7.65) < 0.001
Abbreviations: HR, hazard ratio; CI, confidence interval; sNfL, serum neurofilament light chain; DM, diabetes mellitus; Model 1 was adjusted for age (20–59 or ≥ 60), 
sex (male or female), and race (Non-Hispanic White, Non-Hispanic Black or Other). Elevated sNfL is characterized by values exceeding the median sNfL. Elevated sNfL 
is characterized by values exceeding the median sNfL

Table 3 Association between sNfL levels and type 2 DM and their combined effect on cardiovascular mortality
Crude Model 1
HR (95% CI) P value HR (95% CI) P value

sNfL levels
 Continuous sNfL 4.36 (2.91–6.55) < 0.001 4.70 (3.26–6.77) < 0.001
 Not elevated 1 [Reference] 1 [Reference]
 Elevated 12.36 (2.66,57.54) 0.001 10.61 (2.05,55.00) 0.005
type 2 DM
 No 1 [Reference] 1 [Reference]
 Yes 8.78 (2.80-27.54) < 0.001 8.01 (1.99–32.24) 0.003
sNfL and type 2 DM
 No type 2 DM 1 [Reference] 1 [Reference]
 type 2 DM and not elevated 2.31 (0.39,13.53) 0.353 2.45 (0.42,14.30) 0.319
 type 2 DM and elevated 15.54 (4.80-50.35) < 0.001 14.35 (2.79–73.92) 0.001
Abbreviations: HR, hazard ratio; CI, confidence interval; sNfL, serum neurofilament light chain; DM, diabetes mellitus; Model 1 was adjusted for age (20–59 or ≥ 60), 
sex (male or female), and race (Non-Hispanic White, Non-Hispanic Black or Other). Elevated sNfL is characterized by values exceeding the median sNfL
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increasing sNfL levels and higher mortality [16]. Another 
study conducted in Parkinson’s disease patients found a 
correlation between elevated sNfL levels and increased 
mortality [17]. Research on patients with COVID-19 
has also revealed that COVID-19 increases sNfL levels, 
which further exacerbates in-hospital mortality [18]. 
In addition, sNfL has been found to be a biomarker of 
long-term outcome in diseases such as polyneuropathy, 
multiple sclerosis, ischaemic stroke and traumatic brain 
injury [19–22]. In our study, we observed a significant 
increase in the all-cause and cardiovascular mortality 
among elevated sNfL participants, which is consistent 
with previous research. In addition, we also emphasized 
the combined effect of elevated sNfL and type 2 DM on 
all-cause and cardiovascular mortality and found that 
the former can significantly increase the risk of mortal-
ity. There is no doubt that this study fills in some gaps of 
previous research.

In sensitivity analysis, we excluded individuals with 
major diseases such as cancer, cardiovascular diseases, 
and neurological disorders, further verifying the robust-
ness of our findings. This enhances the feasibility of using 
sNfL as a potential predictive tool in the future.

The association between sNfL levels and type 2 DM 
and mortality may be explained through inflammatory 
mechanisms. Studies have found that elevated sNfL levels 
are associated with neuroinflammation [23, 24]. In indi-
viduals with type 2 DM and elevated sNfL levels, higher 
levels of inflammation further contribute to increased all-
cause and cardiovascular mortality. Our findings suggest 
that elevated sNfL levels and type 2 DM not only inde-
pendently increase all-cause and cardiovascular mortal-
ity, but that their combined effect further enhances this 
risk.

The relationship between sNfL levels, type 2 DM car-
diovascular risk, and mortality fundamentally involves 
interactions between the nervous, metabolic, and car-
diovascular systems. Given the potential role of sNfL in 
diagnosing and predicting various neurological disorders, 
elevated sNfL levels may be associated with dysfunctions 
in the insular cortex and other autonomic nerve regulat-
ing cardiac activity. Additionally, persistent and abnor-
mal inflammation is considered a major contributor to 
adverse outcomes [25]. Neuroinflammation, character-
ized primarily by the activation of microglia, involves M1 
microglia producing pro-inflammatory cytokines (TNF-
α, IL-6, andIL-1β), chemokines, and reactive oxygen spe-
cies (ROS), leading to acute immune responses [26]. IL-1, 
in particular, can trigger adverse remodeling, heart fail-
ure, and arrhythmias [27]. Mediators such as the P2 × 7 
purinergic receptor (P2 × 7R) and macrophage-induced 
type C lectin (Mincle) are thought to play significant 
regulatory roles in this context [26, 28]. Furthermore, 
metabolic disturbances caused by type 2 DM exacerbate 

neurological damage and inflammation, contributing to 
adverse outcomes.

Although this study utilized large-scale survey data 
from the United States and accounted for potential con-
founding factors, there are still limitations to consider. 
Firstly, we only measured sNfL levels once, which may 
differ from the true level. Therefore, further measure-
ments are needed to determine the stable level of sNfL. 
Secondly, while we considered potential confounding fac-
tors, there may still be unaccounted factors, so caution 
should be exercised in interpreting the results. Finally, 
this study was conducted on a population in the United 
States, and it remains to be determined whether the find-
ings can be generalized to other populations through 
large-scale studies.

Conclusions
In conclusion, the elevation of sNfL levels and type 2 DM 
not only individually increase the risks of all-cause and 
cardiovascular mortality, but their combined effect fur-
ther enhances the mortality. This finding highlights the 
potential value of sNfL as a potential biomarker in the 
management of diabetes and its complications. In addi-
tion, our findings may contribute to the development of 
new preventive and therapeutic strategies to reduce mor-
tality in patients with type 2 DM.
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