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Purpose of review

Converging evidence suggest axonal damage is implicated in depression and cognitive function.
Neurofilament light protein, measured within serum and cerebrospinal fluid, may be a biomarker of axonal
damage. This article examines the emerging evidence implicating neurofilament light protein in depression
and cognitive function.

Recent findings

Preliminary cross-sectional and case–control studies in cohorts with depression have yielded inconsistent
results regarding the association between neurofilament light protein and symptomatology. However, these
studies had methodological limitations, requiring further investigation. Importantly, neurofilament light
protein concentrations may be a marker of progression of cognitive decline and may be associated with
cognitive performance within cognitively intact cohorts.

Summary

Axonal damage is implicated in the neuropathology of depression and cognitive dysfunction.
Consequently, neurofilament light protein is an emerging biomarker with potential in depression and
cognitive function. Results are more consistent for cognition, requiring more research to assess
neurofilament light protein in depression as well as other psychiatric disorders. Future longitudinal studies
are necessary to determine whether neurofilament light protein can predict the onset and progression of
depression and measure the effectiveness of potential psychiatric interventions and medications.
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INTRODUCTION

The neuropathology of psychiatric disorders drives
symptomatology [1,2]. However, the mechanisms
involved in the onset and progression of depression
remain poorly understood. Impairments in cogni-
tive function are a frequent and debilitating symp-
tom of depression and other psychiatric disorders
[3]. An evolving and promising area is the identifi-
cation of reliable biomarkers of depression. This
includes cognitive function, which can be recog-
nized prior to the onset of and during the progres-
sion of clinical symptoms [4]. Identification of such
biomarkers reflecting pathological pathways associ-
ated with mood and cognitive changes is needed to
develop therapeutic interventions and create earlier,
more tailored intervention regimens [5].

Aided by advances in immunoassay technology,
a promising biomarker linked to neuronal axonal
damage is neurofilament light protein (NfL) [6

&&

].
NfL concentrations appear to be correlated with
symptom severity and cases across several neurode-
generative diseases including Alzheimer’s disease
 2021 Wolters Kluwer H
and multiple sclerosis [7,8]. Given that NfL is not
a disease specific biomarker, it may also have poten-
tial in depression. This is the first review of the
recent literature that explores NfL concentrations
in cohorts with depression and its association with
cognitive function.
NEUROFILAMENTS AND NEUROFILAMENT
LIGHT CHAIN

NfL is an emerging biomarker of neural health or
injury [9]. Neurofilaments are vital constituents of
the neuronal cytoskeleton and are particularly
ealth, Inc. All rights reserved.
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KEY POINTS

� Neurofilament light protein (NfL) is an emerging blood
and cerebrospinal fluid marker representative of
neuronal axonal damage.

� Due to study limitations, inconsistent results were
observed between NfL concentrations in depression
and additional psychiatric disorders.

� NfL concentrations have potential to predict disease
progression and cognitive performance.

� Larger, prospective cohort studies are required to
establish the viability of NfL as a potential biomarker in
depression, cognitive function and clinical change.

Neurofilament light chain and depression Travica et al.
abundant in the axons of neurons [10]. Neurofila-
ments form the assembly and stability of the cyto-
skeleton through cross-bridging and interconnecting
with other components of the cytoskeleton [11

&

].
Neurofilaments provide structural support by main-
taining size, shape, and calibre of axons [12]. In
addition, neurofilaments constitute a dynamic net-
work involved in neuronal differentiation, axon out-
growth, and regeneration [13]. In large myelinated
axons, the high density of neurofilaments promote
increased radial axonal growth [11

&

]. At a molecular
level, neurofilaments help shape the cellular envi-
ronment, position the nucleus, and support organ-
elles, such as mitochondria and endoplasmic
reticulum. NfL also participates in intracellular sig-
nalling, neuromodulation, and transcription [11

&

].
Given that NfL is the most abundant and soluble

intermediate filament, they are the most extensively
studied neurofilament [14]. Low levels of NfL are
constantly released from axons under normal con-
ditions in an age-dependent manner, increasing by
an estimated 2.2% per year [15

&

]. Following axonal
damage, NfL release substantially increases whereby
NfL leave the axon and enter the interstitial fluid
[15

&

]. After reaching the interstitial fluid, NfL is
detectable in CSF and peripheral circulation. All
diseases that lead to neuronal and axonal damage
can increase the cerebrospinal fluid (CSF) levels of
these proteins [16]. Other factors that may alter NfL
levels include BMI, vascular risk factors and the
accumulation of subclinical comorbidities [15

&

,17].
NfL can be measured by immunoassays in both

cerebrospinal fluid and plasma/serum. Recent
advancements in ultrasensitive analytical methods
have enabled improved detection of NfL in blood
samples [18], with many studies utilizing serum to
reliably measure NfL [19

&

]. Research in neurodegen-
erative diseases indicates that NfL concentrations
reliably reflect the degree of axonal damage in the
 Copyright © 2021 Wolters Kluwe
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brain [20]. Accordingly, the relevance of NfL may
potentially extend to a range of psychiatric and
cognitive conditions.
AXONAL DAMAGE IN DEPRESSION

Various neurobiological pathologies are related to
axonal damage accompany depression [21]. Disrup-
tions of axon-myelin adhesion seen in participants
diagnosed with depression can initiate axonal dam-
age by altering the axonal cytoskeleton. In depres-
sion, there are decreases in myelin cross-sectional
areas across specific regions and at a whole brain
level [2,22].

Furthermore, oligodendrocyte lineage cells,
which serve important functions in forming myelin,
are dysfunctional in depression and may play a role in
reduced myelin content and axon numbers [23].
Although matter lesions are an established biomarker
of depression, especially in the elderly [24], while
white matter atrophy is a further indicator of axonal
loss or injury in depression [25]. A recent investiga-
tion further displayed CSF proteome changes in pro-
teins associated with myelination in depression [26

&

].
Additional pathophysiologies in depression may

indirectly contribute toorexacerbateaxonaldamage.
These include mitochondrial dysfunction, increased
oxidative stress, neuronal apoptosis, immuno-
inflammation, imbalances in metabolic pathways
and disturbed energy metabolism [21,27]. As such,
elevated NfL concentrations have been linked with
neuroinflammation [28], mitochondrial dysfunction
[29], kynurenine pathway metabolite changes [30

&&

]
and brain atrophy [6

&&

].
It remains unclear exactly how axonal damage is

implicated in the aetiology/manifestation of depres-
sive-like symptomatology. However, axonal damage
may affect neural transmission within subcortical
circuits that regulate mood [31]. Treatment resis-
tance in depression may be related to persistent
axonal damage within neural networks involved
in processing emotion [31].
AXONAL DAMAGE AND COGNITIVE
FUNCTION

A range of neurological structures and networks play
a pivotal role in maintaining optimal cognitive
function [32]. Axonal integrity plays a fundamental
part in maintaining optimal neurological function-
ing that is concomitant with cognitive capacity [33].
Given that axons primarily function to transmit and
receive electrical and chemical signals, neurons can-
not communicate properly if axons are damaged,
thereby disrupting neuronal communication and
cognitive function [34,35].
r Health, Inc. All rights reserved.
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Axonal degeneration is a common feature of
neurodegenerative diseases and traumatic brain
injury (TBI), constituting an important contributor
to cognitive dysfunction in these conditions [32,36].
Empirical investigations suggest that white matter
degradation, indicative of significant myelin and
axonal loss, is associated with reduced general cog-
nition [37].

Increasing evidence suggests that axonal degen-
eration occurs before cell body loss [38], a process
occurring prior to the onset of clinical symptomatol-
ogy that is observed in various neurological diseases.
In addition, given that axonal integrity is compro-
mised during ageing, this may be one of many con-
tributing factors to age-associated cognitive decline.
 Copyright © 2021 Wolters Kluwer H

Table 1. Neurofilament light protein concentrations in depression

Study Sample size
Age (mean
� SD)

Diagnosis/
comorbidity

Depression

Besse et al.
[40&&]

15 (11
female)

49.2�14 Depression

Dickstein et al.
[41]

17 males 44.5�9.5 Depression/mild
traumatic bra
injury

Gudmundsson
et al. [42]

78 females 73.9�3.2 Depression

Guedes et al.
[43]

195 (167
males)

37.5�16.5 Depression/mild
traumatic bra
injury

Katisko et al.
[18]

125 (71
females)

42.5�8.1 Primary psychia
mood disorde
frontotempora
lobar
degeneration

Linnemann
et al. [44&]

33 72.5�5.0 Depression/
dementia

Tauil et al.
[45]

40 (majority
female)

18-62 Depression/mu
sclerosis

Zhao et al.
[46]

236 (142
male)

54-80 Depression/
ischaemic stro

Additional psychiatric conditions

Hellerhoff
et al. [47&&]

108
adolescent
females

16.4�2.3 AN, depression

Nilsson et al.
[48]

35 females 29�1.9 AN

Rodrigues-
Amorim [49&&]

82 (51
males)

43�14.5 Schizophrenia

AN, anorexia nervosa; CSF, cerebrospinal fluid; MDD, major depressive disorder; m
protein; SD, standard deviation.
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NEUROFILAMENT LIGHT PROTEIN IN
DEPRESSION AND PSYCHIATRIC
DISORDERS

To date, there is only one published animal study
that has explored the role of NfL in depression. In
this study, a rat model of depression reported
decreased levels of NfL immunostaining in the hip-
pocampus [39]. These findings suggest that hippo-
campal depression-associated alterations may have
resulted from changes to the dynamics of the neuro-
filament assembly and NfL release from the cyto-
skeleton.

Supporting this animal study, there are now sev-
eral small, mainly cross-sectional and case–control,
human studies of NfL (Table 1). These preliminary
ealth, Inc. All rights reserved.

and psychiatric disorders

Specimen
(blood/CSF) Result

Serum NfL concentrations did not differ between
patients and healthy controls

in
Serum Elevated NfL after mTBI, associated with

depression

CSF Sample diagnosed with MDD exhibited
significantly higher levels of CSF NfL

in
Plasma Elevated NfL were associated with

repetitive mTBIs and with chronic
depressive symptoms

tric
r,
l

Serum NfL levels were significantly higher in
those with FTLD compared with the
PPD group

Serum NfL values were significantly higher in
patients with depression and
consecutive dementia than those with
cognitive recovery

ltiple CSF The significant relationship between
depression scores and NfL
concentration

ke
Serum Higher NfL levels were associated with a

higher risk of developing poststroke
depression

Serum Higher NfL observed in AN, alongside
higher depressive scores

Serum Increased NfL in AN in contrast to
healthy controls and those who
recovered from AN

Serum Raised NfL in schizophrenia groups
compared with healthy controls

TBI, mild traumatic brain injury; Na, not assessed; NfL, neurofilament light
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human studies have utilized a variety of specimens
(blood and CSF) to determine NfL concentrations in
cohorts either primarily diagnosed with depression
or presenting with comorbid depressive symptoms.

One study examined the cross-sectional rela-
tionship between depression and CSF NfL levels in
elderly women (n¼78) [42]. Those diagnosed with
depression had significantly higher levels of CSF NfL
compared with those without depression. A further
study involving elderly participants reported that
the mean serum NfL of participants with depression
and subsequent dementia was significantly higher
than in a study group of depressive participants who
exhibited cognitive recovery [44

&

].
Additional research has assessed NfL concentra-

tions in cohorts with mild TBI (mTBI) exhibiting
comorbid depressive symptoms. One longitudinal
study involving a cohort of 195 war veterans showed
that elevated plasma levels of NfL were associated
with both repetitive mTBIs and chronic depressive
symptoms [43]. Increased levels of plasma NfL were
also correlated with the length of time since the
injury, suggestive of a progressive axonal dysregu-
lation. Similarly, elevated levels of serum NfL in
addition to abnormal hyperphosphorylated tau
were observed in a small cohort following mTBI
(n¼10), alongside significantly higher levels of
depression and reduced fine motor dexterity than
a control group [41].

Similar NfL levels independently predicted the
development of poststroke depression (n¼236),
after adjusting for a series of potential confounding
factors, such as age and inflammatory markers [46].
The study further demonstrated that higher serum
NfL levels were associated with a higher risk of
developing 3-month poststroke depression.

In contrast, there are number of studies that
failed to establish an association between NfL and
depression outcomes. A cohort of participants with
multiple sclerosis, for example, found no signifi-
cant association between CSF NfL concentrations
and measures of depression [45]. A further study
failed to establish a link between serum NfL and
depression in a cohort (n¼15) of participants diag-
nosed with depression. In this study, NfL was mea-
sured before and 24 h and 7 days after receiving
electroconvulsive therapy (ECT) [40

&&

]. NfL concen-
trations did not differ between participants and
healthy controls, with no significant change in
NfL levels in the course of ECT. It remains unknown
if other antidepressant interventions impact NfL
concentrations.

NfLs have been explored as potential biomarkers
for neuronal damage in other psychiatric disorders
including anorexia nervosa and schizophrenia.
Blood samples were obtained from 54 adolescent
 Copyright © 2021 Wolters Kluwe
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females diagnosed with anorexia and 54 age-
matched healthy control participants [47

&&

]. Group
comparisons displayed significantly higher levels of
NfL in the anorexia nervosa group, alongside higher
depressive scores on the Beck Depression Inventory-
II, with reductions in NfL following weight restora-
tion. Similarly, in a sample of 35 participants with
anorexia, a decrease in NfL was observed after short-
term partial weight restoration alongside increased
levels in anorexia in contrast to healthy controls and
those who recovered from anorexia [48].

NfL concentrations have also been explored in
schizophrenia. In a study of 40 healthy controls and
42 participants with schizophrenia, serum NfL was
elevated in both first-episode psychosis and
chronic schizophrenia groups compared with the
control group [49

&&

]. Significantly elevated levels of
NfL were also seen in the subgroup of clozapine-
treated participants with schizophrenia compared
with the remaining schizophrenia group. This is
interesting as clozapine is reserved for the most
refractory individuals, which suggests that the ele-
vated NfL concentrations in this cohort may indi-
cate that symptom severity is related to greater
axonal damage.

A recent review of 21 CSF and 6 blood studies
examined whether NfL may differentiate behaviou-
ral frontotemporal dementia from primary psychi-
atric disorders [50

&&

]. There was low NfL variability
within groups, with comparable values in psychiat-
ric disorders and healthy controls, both of whom
displayed significantly lower NfL levels than Behav-
ioural Frontotemporal Dementia patients.
NEUROFILAMENT LIGHT PROTEIN AND
COGNITIVE FUNCTION

A limited number of studies have investigated the
association between NfL and cognition prior to the
diagnosis of a neurodegenerative disease (Table 2).
These data suggest that NfL may be more sensitive to
subclinical cognitive decline compared with other
proposed biomarkers for cognitive deterioration
[51].

A large cross-sectional investigation (n¼544)
revealed that elevated NfL concentrations were asso-
ciated with reduced performance on processing
speed, attention, executive function and delayed
and recognition memory in a sample of cognitively
intact participants and those with mild cognitive
impairment [53

&

]. NfL may, therefore, be a marker of
early changes in cognition.

Similarly, a large cross-sectional study (n¼860)
of non-Hispanic participants revealed that higher
NfL levels were related to poorer neuropsychological
test performance across measures of attention,
r Health, Inc. All rights reserved.
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Table 2. Studies assessing neurofilament light protein and cognitive function in asymptomatic cohorts

Study Sample size
Age (mean
�SD)

Retrospective
disease onset
(if any)

Specimen
(Blood/CSF) Result

de Wolf et al.
[52&&]

4444 (2555
females)

71.9�7.5 Dementia Plasma Higher baseline NfL level was associated
with a higher risk of all-cause dementia

Hall et al. [53&] 544 NA MCI Plasma Elevated NfL had a negative impact on
processing speed, attention, executive
functions and delayed and recognition
memory

Hu et al. [54] 243 (117
females)

72.76�6.8 AD Plasma NfL played a predictive role in cognitive
decline and hippocampal atrophy

Mielke et al.
[55]

79 males 76 General
cognitive
function

CSF Higher NfL associated with worsening in
cortical thickness and NfL change
impacted global cognition

Naude et al.
[56]

584 (269
females)

73�7.4 Mild behavioural
impairment

Serum Greater increases in NfL predicted mild
behavioural impairment

Petersen et al.
[57]

860 NA MCI/dementia Plasma NfL related to poorer performance on
attention, processing speed, verbal
fluency in non-Hispanics, and attention,
processing speed, executive functioning,
and verbal fluency in Hispanics

Verberk et al.
[58]

300 (125
women)

61�9 AD Serum NfL rates of change abnormally elevated in
the preclinical AD

AD, Alzheimer’s disease; CSF, cerebrospinal fluid; MCI, mild cognitive impairment; MDD, major depressive disorder; Na, not assessed; NfL, neurofilament light
protein; SD, standard deviation.

Mood and anxiety disorders
processing speed, verbal fluency and immediate
memory [57]. Conversely, among Hispanic Mexican
Americans, elevated NfL was only associated with
poorer performance on verbal fluency.

Recent longitudinal studies have indicated that
serum NfL were elevated approximately 6 years
before the onset of a clinical phenotype [6

&&

,59].
Multiple investigations have demonstrated that
serum NfL concentration and their rates of change
are abnormally elevated in the preclinical phase of
Alzheimer’s disease predicting cognitive decline,
future diagnosis [58] and hippocampal atrophy [54].

Higher baseline plasma NfL is associated with
worsening of a series of neuroimaging measures and
global cognition in a 30-month prospective study
[55]. Plasma NfL at 2 years was also associated with
faster progression towards mild behavioural
impairment in cohorts presenting with no dementia
at baseline [56]. In line with these results, a popula-
tion-based study of 4444 participants without demen-
tia identified that higher baseline plasma NfL levels
were associated with a higher risk of all-cause demen-
tia or Alzheimer’s [52

&&

]. Additional analyses revealed
that NfL levels increased 3.4 times faster in partici-
pants who developed Alzheimer’s disease compared
with those who remained dementia-free.

NfL concentrations were associated with the
degree of cognitive impairment that accompanies
Alzheimer’s disease and mild cognitive impairment,
 Copyright © 2021 Wolters Kluwer H
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indexed by cognitive scores in a prospective study
[60]. Additionally, there is evidence to suggest a link
between the severity of anatomical MRI changes,
cognitive deterioration and NfL concentrations in
neurodegeneration (Table 3) [60–62].
FUTURE DIRECTIONS

Various limitations are evident in the studies inves-
tigating NfL in psychiatric disorders, particularly
depression. Across multiple investigations, primary
conditions were not depression or a psychiatric
disorder, instead, these studies explored depressive
symptoms in other conditions, such as TBI or stroke,
which are known to influence both NfL concentra-
tions and mood states. Numerous studies focused on
younger samples, failing to consider the age-depen-
dant increases of NfL [26

&

,50
&&

]. Furthermore, few
large-scale studies had a control group with no
clinical diagnosis, making it difficult to distinguish
abnormal NfL levels [18,63].

Although strong correlations have been pro-
posed between CSF and blood NfL measurements
[64], others have postulated that NfL in CSF is
increased at an earlier time point than in serum
[65

&&

] and may be associated with different compo-
nents of cognition [66]. The type of samples from
which NfL concentrations are derived from should be
considered in future studies involving depression.
ealth, Inc. All rights reserved.
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Table 3. Studies assessing neurofilament light protein and cognition in neurodegenerative disease

Study Sample size
Age (mean
�SD)

Type of
neurodegenerative
disease

Specimen
(blood/CSF) Result

Delaby et al. [7] 535 37–82 AD, DS, FTD, ALS, DLB, PSP, CBS CSF Highest NfL levels in patients with
ALS, PSP, CBS and FTD, NfL
associated with degree of cognitive
impairment

Dhiman et al.
[60]

221 (112 males) 73.8�6.9 AD CSF Higher NfL predicted cortical amyloid
load, brain atrophy and cognitive
impairment

Mattioli et al.
[62]

18 (9 females) 45 MS Serum Higher NfL in MS compared with
controls, NfL predicted greater
cognitive impairment

AD, Alzheimer disease; ALS, amyotrophic lateral sclerosis; CBS, corticobasal syndrome; CSF, cerebrospinal fluid; DLB, dementia with Lewy bodies; DS, down
syndrome; FTD, frontotemporal dementia; MDD, major depressive disorder; MS, multiple sclerosis; Na, not assessed; NfL, neurofilament light protein; PSP,
progressive supranuclear palsy; SD, standard deviation.
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In addition to the limited sample sizes of par-
ticipants diagnosed with depression, most studies
were cross-sectional, measuring NfL levels and dis-
ease severity at only one-time point, with the use of
single diagnostic scales [45]. Consequently, there is
a lack of insight into how the severity of depressive
symptoms, cognitive decline, and their progression
is associated with NfL concentrations. Further lon-
gitudinal, prospective studies with well defined sam-
ples are required to investigate whether NfL
concentrations may serve as a risk factor for the
onset of depression. Longitudinal studies are partic-
ularly important for psychiatric disorders in which
the disease course can vary significantly [67].

There remains a large heterogeneity between
NfL concentrations that are considered pathologi-
cal, concentrations used to estimate the risk of
conversion from preclinical to clinical symptoms,
and determine adequate treatment response (con-
centration changes that reflect treatment response).
More research is required to determine whether
certain reference ranges may be considered dis-
ease-specific.

At present, it is unclear whether axonal damage
and subsequent NfL concentrations are associated
with psychiatric conditions, such as depression or
whether they are a cause or consequence of the
condition. NfL concentrations seem to rise during
the preclinical phase; however, it is uncertain where
in the sequence of neurological damage, an increase
in NfL occurs. Identifying molecular and cellular
mechanisms responsible for NfL increases, com-
bined with repeated NfL measurements along the
trajectory of disease progression may clarify
this question.

Finally, further understanding of the effects of
antidepressant medications, somatic therapies and
 Copyright © 2021 Wolters Kluwe
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lifestyle interventions on NfL concentrations may
provide vital insight into treatment effectiveness.
Studies have begun to measure the effects of life-
style factors, such as exercise [68

&&

,69] and diet [70]
on NfL concentrations; however, similar investiga-
tion on antidepressant medications is currently
lacking.
CONCLUSION

On the basis of recent emerging data, axonal dam-
age, as reflected by elevated NfL levels may represent
one of many pathological hallmarks that accom-
pany a series of psychiatric disorders, such as depres-
sion as well as cognitive function. The limited
number of studies investigating the association
between NfL and depression leave many unan-
swered questions regarding the role of NfL in these
conditions. Future longitudinal studies are needed
to establish the utility of NfL concentrations in
depression and cognitive function, particularly in
the onset and progression of depression and assess-
ment of treatment effectiveness.
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