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Summary
Background Blood biomarkers can offer valuable and easily accessible indicators of normal biological processes,
pathogenic conditions, and responses to therapeutic interventions. Recent studies found that levels of neurofilament
light chain (NfL) in the blood are associated with mortality in three European cohorts of older adults (median ages
73, 93, and 100 years). Whether similar associations exist in younger adults and in other ethnic groups is currently
not known.

Methods We utilized a cohort study that included 294 African Americans (baseline ages 49�65). Serum NfL levels
were measured using a Meso Scale Discovery-based assay. Vital status was determined by matching through the
National Death Index.

Findings Seventy-two participants (24.5%) died during the 14�15 years of follow up (2000�2014). Baseline serum
NfL levels were significantly higher in the decedent group (86.1§65.7 pg/ml vs. 50.1§28.0 pg/ml, p < 0¢001). In
binomial logistic regression models adjusted for age, gender, education, baseline smoking status, BMI, and total
comorbidities (0�11), serum NfL levels remained a strong predictor of all-cause mortality, and sensitivity analyses
employing multiple additional covariates did not substantively change the relationship. Further, Kaplan-Meier
curves based on serum NfL quartiles showed reduced survival in groups with higher serum NfL levels.

Interpretation This study found a positive association between serum NfL levels and mortality in late middle-aged
and older individuals. While our findings support that serum NfL levels may be a useful biomarker for all-cause mor-
tality, further studies are needed to understand the biological mechanisms underlying this association.
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Introduction
Blood biomarkers can offer valuable and easily accessi-
ble indicators of normal biological processes, patho-
genic conditions, and responses to therapeutic
interventions. A number of studies have explored blood-
*Corresponding author at: Division of Geriatric Medicine,

Department of Internal Medicine, Saint Louis University

School of Medicine, 1402 S. Grand Blvd, St. Louis, MO 63104,

USA.

E-mail address: andy.d.nguyen@health.slu.edu

(A.D. Nguyen).

www.thelancet.com Vol 82 Month August, 2022
based biomarkers in the context of aging1,2 and mortal-
ity.3�5 Among them, two recent studies in European
cohorts found that levels of neurofilament light chain
(NfL) in the blood are associated with mortality.4,5 NfL
is a cytoskeletal protein in neurons that is released upon
neuronal injury or death. It is detectable in cerebrospi-
nal fluid (CSF) as well as in blood, and NfL levels are
elevated in several neurodegenerative diseases, stroke,
and traumatic brain injury.6,7

Kaeser and colleagues4 reported that increased
plasma NfL levels are associated with mortality in cente-
narians (median age 100 years, n=135), as well as a
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Research in Context

Evidence before this study

Biological aging is a complex process, and the identifi-
cation of blood biomarkers for aging and mortality has
been challenging. Two recent studies found that neuro-
filament light chain (NfL) levels in the blood are associ-
ated with mortality in three European cohorts of older
adults (median ages 73, 93, and 100 years). Whether
similar associations exist in younger adults and in other
ethnic groups was not known.

Added value of this study

Our study investigated the association between circulat-
ing NfL levels and mortality in late middle-aged and
older African American individuals. We found that
serum NfL levels were a robust and consistent predictor
of all-cause mortality. Therefore, this study extends the
scope of this association with regard to age, race, and
geography.

Implications of all the available evidence

Together, the available evidence support that circulat-
ing NfL levels may be a broadly applicable biomarker
for all-cause mortality and may be a useful measure-
ment for studies testing the effectiveness of interven-
tions on lifespan.
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slightly younger study population (median age
93 years, n=180). These individuals were in the Danish
1915 West birth cohort and the Danish 1905 birth
cohort, respectively. Similarly, R€ubsamen and col-
leagues5 reported that serum NfL levels are associated
with mortality in older adults without predefined neu-
rological conditions (median age 73 years, n=385).
These individuals were participants in the Memory
and Morbidity in Augsburg Elderly (MEMO) study
based in Augsburg, Germany. Together, these studies
highlight the possibility that circulating NfL levels
may be predictive of mortality.

However, the generalizability of these findings is
unclear. Specifically, whether similar associations exist
in younger individuals and in other ethnic groups is
currently not known. In this study, we investigated
whether serum NfL levels are associated with mortality
in late middle-aged individuals in the African American
Health (AAH) cohort.8,9
Methods

Study participants
AAH study has been described in previous reports.8,9 In
summary, AAH study is a well-characterized popula-
tion-based cohort that includes 998 self-identified
African American individuals ages 49�65 years at base-
line in 2000�2001 in the St. Louis, Missouri metropoli-
tan area. Inclusion criteria have been previously
reported,8,10 and includes: self-reported Black or African
American race, birth dates between January 1, 1936 and
December 31, 1950, standardized Mini-Mental Status
Examination (MMSE) scores � 16, and willingness
to sign informed consent. Recruitment proportion (partici-
pants/enumerated eligible persons) was 76%, and partici-
pants completed in-home interviews and assessments at
baseline, year 3 follow-up, and year 9 follow-up. To mini-
mize the potential for self-reporting bias, the research
team utilized validated and reliable criteria for collecting
self-reported data. This includes the use of the Medical
Outcomes Study 36-Item Short-Form Health Survey (SF-
36), version 2.0, which has improved wording to mini-
mize ambiguity and replaces a number of dichotomous
response sets with five levels to enhance internal consis-
tency.11 As another example, objective income was mea-
sured by response to an unfolding income question based
on eight categories. A subset of participants agreed to
donate blood for the study at baseline, and serum samples
were stored at �80 °C until laboratory analyses were per-
formed. The final analytic sample for this study includes
294 participants with baseline serum NfL measurements
and follow up vital status.
Ethics
All study procedures were approved by the Institutional
Review Board at Saint Louis University (IRB #9657)
and have been performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki
and its later amendments. Written informed consent
was obtained from all participants.
Measures
Serum NfL levels were measured using the R-PLEX
human neurofilament L antibody set (Meso Scale Dis-
covery, F217X) in 96-well plate format. Samples were
diluted 2-fold in diluent buffer and tested in duplicate
according to the manufacturer’s instructions. Samples
from decedents and survivors were randomized across
four batches in a blinded manner. The mean coefficient
of variation of duplicate NfL measurements was 3.8%
(0�27.5%). Vital status was determined through a
National Death Index from 1/1/2000 through 12/31/
2014. Deaths are coded as 1. Disease measures were
based on self-report of physician-based diagnoses and
included: hypertension, diabetes, cancer, COPD, heart
attack, congestive heart failure, angina, asthma, arthri-
tis, stroke, and kidney disease.
Statistical approach
Data were analyzed using IBM SPSS Statistics version
28.0 (IBM Corp., Somers, NY). Descriptive statistics are
www.thelancet.com Vol 82 Month August, 2022
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reported as means § standard deviations (SD) or per-
centages. Mann-Whitney U test was used to compare
differences in NfL levels by gender, survival status, and
MMSE worse quintile. Analysis of co-variance adjusted
for age and gender was used to compare baseline serum
NfL levels for survivors and decedents. Logistic regres-
sion (LR) was used to investigate the association of
serum NfL with 15-year all-cause mortality adjusted for
age, gender, years of education, smoking status (never,
former, current), BMI, and total comorbidities (0�11).
A sensitivity analysis was done in which additional vari-
ables were added to the LR model (income, clinically-rel-
evant levels of depressive symptom, social support,
cognition (MMSE), falls in past year, hospitalized in
past year (y/n), Medicaid insurance (y/n), and BMI.
Adjusted odds ratios and 95% confidence intervals (CIs)
are reported for LR analyses. A time-to-event (Kaplan-
Meier) analysis with a log rank test for linear trend of
factor levels was also done to investigate the association
of NfL (quartiles) with mortality (years).
Role of the funding sources
The funders of the study had no role in the study
design, data collection, data analysis, data interpreta-
tion, or writing of the report.
Results
Baseline characteristics of the study population are pro-
vided in Table 1. Of the 294 participants included in the
study, 67.0% were women, and the mean age at base-
line was 56.4 § 4.3 years. Baseline serum NfL levels
(58.9§43.3 pg/mL; interquartile range 29.78; skewness
3.1; kurtosis 12.2) are within the range of previous
studies.12,13

Serum NfL levels were positively correlated with age
(r = 0.33, p < 0.001), which is consistent with previous
reports.4,5,12,14 Levels in men and women were
64.8 pg/mL and 56.1 pg/mL, respectively, and showed a
trend toward a significant difference by Mann-Whitney
Characteristic Total
(n = 294)

Age (years), mean § SD 294 56.4 § 4.4

Female 294 67.0%

Education (years), mean § SD 293 12.8 § 3.0

Current smoker 294 23.1%

Body mass index (kg/m2) 291 30.6 § 6.6

Total Comorbidities (0�11)a, mean § SD 294 1.96 § 1.4

Serum NfL (pg/mL), mean § SD 294 58.9 §43.3

Deceased in 14�15 year follow up 294 24.5%

Table 1: Baseline characteristics for AAH participants.
a Comorbidities include hypertension, diabetes, cancer, COPD, heart

attack, congestive heart failure, angina, asthma, arthritis, stroke, kidney

disease.
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U test (p = 0.068). When dichotomized into groups by
age, we found significant effects of age (p < 0.001) and
gender (p = 0.042) on serum NfL levels by two-way
ANOVA, but not of the age/gender interaction
(p = 0.828). The higher NfL levels observed in men is
consistent with several previous reports that examined
NfL levels in plasma and CSF.14�17 The study popula-
tion included persons with a number of self-reported
comorbidities, including diabetes (24.8%), heart attack
(7.8%), and kidney disease (4.1%).

A total of 72 participants (24.5%) died during the
14�15 years of follow up (2000�2014). Decedents were
ages 58.31§4.2 (median age 59; age range 50�64; 25th

percentile age 55, 50th percentile age 59, 75th percentile
age 62) at baseline and survivors were ages 55¢83§4.3
(median age 56; age range 49�65; 25th percentile age
52, 50th percentile age 56, 75th percentile age 59) at base-
line. Baseline serum NfL levels were significantly
higher among decedents versus survivors (86.1§
65.7 pg/mL vs. 50.1§28.0 pg/mL, p < 0.001 by Mann-
Whitney U test). A LR analysis adjusted only for age
found a significant association between serum NfL and
mortality (odds ratio [OR] = 1.02, 95% confidence inter-
val [CI] = 1.01�1.02). In follow-up multivariable LR
models with additional baseline covariates, serum NfL
levels remained a robust predictor of all-cause mortality.
As shown in Table 2, higher age, baseline smoking sta-
tus, higher comorbidities, and higher serum NfL levels
are associated with higher mortality; higher BMI is asso-
ciated with lower mortality. Moreover, when additional
covariates, including income (below 20K; OR = 0.87,
95% CI = 0.42�1.79), depression (OR = 0.85, 95% = CI
0.40�1.82), social support (worst quintile; OR = 1.12,
95% CI = 0.49�2.55), MMSE score (OR = 0.95, 95%
CI = 0.83�1.08), falls (past year; OR = 0.82, 95%
CI = 0.39�1.73), hospitalization (past year; OR = 1.12,
95% CI = 0.50�2.50), health insurance (OR = 0.66,
95% CI = 0.29�1.47), and BMI (OR = 0.94, 95%
CI = 0.89�1.00), were tested in a LR model, the positive
association of serum NfL (OR = 1.01, 95%
CI = 1.01�1.02) with mortality was not significantly
changed.
Characteristic Odds Ratio (95% CI) p valuea

Age (years) 1.10 (1.02�1.18) 0.014

Female 0.71 (0.36�1.39) 0.322

Education (years) 0.90 (0.81�1.00) 0.051

Previous Smoker (vs. Non-Smoker) 1.76 (0.83�3.72) 0.138

Current Smoker (vs. Non-Smoker) 2.80 (1.22�6.44) 0.015

BMI (kg/m2) 0.94 (0.89�0.99) 0.027

Total Comorbidities (0-11) 1.36 (1.07�1.72) 0.011

Serum NfL (pg/mL) 1.01 (1.01�1.02) 0.002

Table 2: All-Cause Mortality and NfL in AAH cohort.
a Multivariable binary logistic regression model (decedents coded 1, sur-

vivors coded 0).
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Figure 1. Kaplan-Meier curves based on serum NfL quartiles. Quartile 1, n=73, NfL 28.45§4.9, min 17.58, max 35.30; quartile 2, n=74,
NfL 40.78§3¢1, min 35.47, max 46.03; quartile 3, n=74, NfL 53.97§5.5, min 46.14, max 64.18; quartile 4, n=73, NfL 112.89§57.5, min
64.32, max 338.95.
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As another way to examine the relationship between
serum NfL levels and mortality, we separated individu-
als into quartiles based on serum NfL levels and exam-
ined survival in these groups. As shown in Figure 1, the
Kaplan-Meier curves show that there was a trend for
groups with higher serum NfL levels to have reduced
survival (Log Rank [Mantel-Cox] Chi-Square = 24.17,
p < 0.001).
Discussion
In this study, we explored the relationship between cir-
culating NfL levels and mortality in late middle-aged
individuals in the AAH study.8,9 We found increased
baseline serum NfL levels in participants who died dur-
ing the 14�15 years of follow up. In LR analyses
adjusted for multiple covariates, serum NfL levels were
a robust and consistent predictor of all-cause mortality,
and a time-to-event analysis confirmed the positive
association.

Our findings are in agreement with two recent stud-
ies that found associations between circulating NfL lev-
els and mortality.4,5 It is worth noting that these studies
focused on older European individuals (with median
ages of 100 years, 93 years, and 73 years in three sepa-
rate cohorts). In contrast, the mean age in the current
study was 56.4 years. Our study also extends these previ-
ous findings in that they replicated the association
between circulating NfL levels and mortality in individu-
als of a different racial background. Specifically, partici-
pants were predominantly late middle-aged and older
African Americans in a community-dwelling population
in St. Louis, Missouri. Thus, our study expands the
scope of this association with regard to age, race, and
geography.

The reason for the association between circulating
NfL levels and mortality is unclear. A recent study that

found a similar association suggested that the associa-

tion reflects the contribution of deterioration of the ner-

vous system to late-life mortality.4 In our study, we were

unable to determine if the increased NfL levels are due

to neurological diseases.6,7 While serum NfL levels

were higher in the quintile with lowest Mini-Mental

State Exam (MMSE) scores (75.5§67.5 pg/mL vs. 54.9§
34.6 pg/mL, p = 0.043 by Mann-Whitney U test), this

relationship is not significant after adjusting for age

and education. Notably, the AAH study group is a popu-

lation-representative sample, in which the number of

neurological diseases is likely to be low. We did not

have proper evaluations to determine who had neuro-

logical diseases, as these evaluations were beyond the

scope of the study. We therefore cannot rule out the pos-

sible contribution of neurological diseases on increased

serum NfL levels in this study. Moreover, it is not possi-

ble to determine whether the source of the increased

serum NfL in the mortality group was from the central
www.thelancet.com Vol 82 Month August, 2022
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nervous system or the periphery. This issue is compli-
cated by the fact that circulating NfL levels have been
reported to be increased in individuals with peripheral
neuropathy.18,19 In future studies, measuring NfL levels
in both CSF and blood will help address this issue.

The strengths of this study are the relatively long fol-
low-up period and the inclusion of a late middle-age
group with a different racial background and geographic
location than previous studies. Nevertheless, this study
has limitations. First, since the participants were pre-
dominantly late middle-aged and older African Ameri-
can individuals living in a restricted geographic area,
these results may not generalize to other populations.
Second, this study only investigated a single biomarker;
future studies should incorporate measurements of
additional biomarkers.

In conclusion, this study found a positive association
between serum NfL levels and mortality in late middle-
aged and older individuals. Our findings support that
circulating NfL levels may be a broadly applicable bio-
marker for all-cause mortality and may be a useful mea-
surement for studies testing the effectiveness of
interventions on lifespan. Further studies are needed to
understand the biological mechanisms underlying this
association.
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