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Abstract

The present study aimed to explore the association of plasma neurofilament light chain (NfL) levels with depression and
anxiety in Parkinson’s disease (PD). This prospective study enrolled 116 patients with PD and 38 healthy controls, and
found plasma NfL levels were higher in patients with depression or anxiety than in those without these symptoms. Binary
logistic regression identified NfL concentration as an independent predictor of depression and anxiety in PD. In conclusion,
elevated plasma NfLL may be associated with severity of depression and anxiety in PD patients and may serve as a diagnostic

biomarker of PD with moderate to severe depression or anxiety.
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Introduction

Depression and anxiety are frequent non-motor symptoms
of Parkinson’s disease (PD) that are associated with PD pro-
gression and severity. Plasma levels of neurofilament light
chain (NfL) are a marker of neuro-axonal injury and have
been linked to neurodegenerative diseases [1], specifically
showing promising associations with cognitive impair-
ment in Alzheimer’s disease [2]. Recently, these levels have
shown promising for distinguishing PD from atypical par-
kinsonian disorders, and there was a study that demonstrated
that plasma NfL levels correlated with disease severity and
progression in terms of both motor and cognitive functions
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in PD [3]. Thus, we wished to examine whether plasma NfL
levels may also be linked to non-motor symptoms in PD.

Subjects and methods

From January 2017 to November 2020, we involved 116 PD
patients and 38 healthy controls. Patients were included if
they had been diagnosed with PD according to International
Parkinson and Movement Disorder Society criteria in 2015
[4]. We excluded patients if they were (1) had definitively
diagnosed psychiatric disorders; (2) currently receiving
antidepressants or intracranial surgical treatments; and (3)
had debilitating conditions that could impede full participa-
tion in the study. Health controls were recruited. The study
was approved by the ethics committee of Kunming Medical
University, and written informed consent was obtained from
each participant.

Patients were categorized into four groups depending
on severity of depression or anxiety, as measured using the
17-item Hamilton Rating Scale for Depression (HAMD-17)
and Hamilton Rating Scale for Anxiety (HAMA). HAMD
scores of > 24 were defined as severe depression (PD-SD);
18 to 24, moderate depression (PD-MOD); 8 to 17, mild
depression (PD-MID); and <7, no depression (PD-ND)
[5]. HAMA scores of >24 were defined as severe anxiety
(PD-SA); 15 to 23, moderate anxiety (PD-MOA); 8 to 14,
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mild anxiety (PD-MIA); and <7, no anxiety (PD-NA) [6].
Clinical data were collected. Detailed information on scales
assessment and NfL testing is shown in Supplementary
Appendix 1 (Online Resource 1).

Statistical analyses

Statistical analyses were conducted in SPSS 25.0. Differ-
ences associated with p <0.05 were considered statisti-
cally significant. Numerical data were summarized as
mean =+ standard deviation and categorical data was pre-
sented as percentages using X2 test. Pearson correlation anal-
yses were used to assess the correlation between variables.
Using the PD combined with moderate to severe depres-
sion or anxiety as the end point, we performed binary logis-
tic regression analyses to assess the relationship between
plasma NfL levels and depressive or anxiety symptom.
Diagnostic accuracy of plasma NfL levels was examined
with the use of receiver operating characteristic curve (ROC)
analyses.

Results

Demographical and clinical characteristics of the healthy
controls and PD patients stratified by severity of depres-
sion symptoms are summarized in Table 1. Demographi-
cal and clinical characteristics of the healthy controls and
PD patients stratified by severity of anxiety symptoms are
summarized in Supplementary Table 1 (Online Resource
2). PD-SD and PD-MOD showed significantly higher
Hoehn-Yahr stage (H&Y stages) than patients with mild
or no depression (Table 1). And with higher H&Y stages,
plasma NfL levels also elevated (Supplementary Fig. 1)
(Online Resource 3). Plasma NfL levels were significantly
higher for PD-MOD and PD-SD than for PD-ND, PD-MID,
or controls (Fig. 1A). Area under curve (AUC) was 0.747
[95% confidence interval (CI) 0.6532-0.8399] for dif-
ferentiating PD-MOD and PD-SD from PD-ND and PD-
MID (Supplementary Fig. 2A) (Online Resource 4). As
the results showed in Fig. 1B, we also detected remarkable
difference when compared among groups of PD with anxi-
ety. AUC was 0.721 [95% CI 0.6290-0.8128] for differen-
tiating PD-MOA and PD-SA from PD-NA and PD-MIA

Table 1 Clinicodemographic characteristics and plasma NfL levels in healthy controls and PD patients stratified by severity of depression symp-

toms
Character-  Healthy Patients with Parkinson’s disease Four group
istic controls comparison P
PD-ND PD-MID PD-MOD PD-SD value
n 38 24 46 27 19
Age, yr 649+10.6 61.1+11.1 63.3+10.5 69.0+8.8 65.8+7.5 0.059
Male 16 (42.1%) 19 (79.2%) 25 (55.3%) 13 (48.1%) 11 (57.9%) 0.067
Mean age at NA 58.8+11.3 60.1+10.5 62.0+15.5 59.0+10.9 0.78
onset, yr
Disease NA 2.7 +£2.55 3.1+3.58"e 52447054 5.5+4.65" 0.001
duration,
yr
LEDD, mg NA 329+153.6 353.1+171.5 365+178.9 444.6+159.9 0.090
UPDRS-II  NA 10.3 +5.0°"¢* 14.5 4824 243 +11.6"79" 26.0+11.65"" 0.000
UPDRS-III  NA 209+ 11.5807¢™ 28341459 40441415 37941975 0.000
Hoehnand NA 1.540.8%"¢" 1.7 40997 29412074 94410 0.000
Yahr stage
HAMA NA 6.7 24850 1724 11,13 06,0 48,004 34.1 +7.9" 0,000
RBD NA 11 (13.9%)°" < 29 (36.7%)°" 22 (27.8%)"" 17 (21.5%)°"* 0.007
PSQI NA 6.1 24,9807 g g 43 gate 10.4+5.0"5  13.944.87 0.0000
PDQ-39 NA 253+ 18,7507 364420384 67,6274 46.4429.85 0.000
NfL 165+73  16.245.9"" 18.4+9.04" <™ 32.1 4205574 3124197 0.000

PD, Parkinson’s disease; PD-ND, Parkinson’s disease with no depression; PD-MID, PD with mild depression; PD-MOD, PD with moder-
ate depression; PD-SD, PD with severe depression; PDQ-39, Parkinson Disease Questionnaire 39; LEDD, levodopa-equivalent daily doses;
UPDRS-1I/111, Unified Parkinson’s Disease Rating Scale motor examination; RBD, Rapid Eye Movement (REM) Sleep Behavioral Disorder;

PSQI, Pittsburgh Sleep Quality Index; NfL, neurofilament light chain

Values in the same row sharing the same letter are significantly different from each other: **(p <0.01), *(p <0.05); a=PD-ND vs PD-MID,
b=PD-ND vs PD-MOD, ¢=D-ND vs PD-SD, d=PD-MID vs PD-MOD, e=PD-MID vs PD-SD, f=PD-MOD vs PD-SD
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Fig. 1 Plasma concentrations
of neurofilament light chain
(NfL), (A) in healthy controls
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(Supplementary Fig. 2B) (Online Resource 4). Increased
NfL levels correlated with depression severity among PD
patients (r=0.418, 95% CI 0.252-0.554, p <0.001) (Sup-
plementary Fig. 3A) (Online Resource 5). As well, plasma
NfL concentration correlated positively with HAMA score
(r=0.4603, 95% CI 0.183-0.486, p <0.001) (Supplemen-
tary Fig. 3B) (Online Resource 5). Binary logistic regression
indicated the depression and anxiety risk was higher when
NIfL levels were higher (odds ratio (OR)=1.072, p=0.017;
OR =1.075, p=0.038; respectively) (Supplementary Fig. 4)
(Online Resource 6).

Discussion

As far as we are aware, this is the first study to explore the
relationship of depression and anxiety in PD patients with
their plasma NfL levels. We found that depression and anxi-
ety were associated with increased plasma NfL levels in PD.
Furthermore, after accounting for potential confounders such
as age, mean age at PD onset, disease duration, and other
non-motor symptoms, plasma NfL levels emerged as an
independent risk factor for depression and anxiety.
Depression is an easily missed but common comorbidity
among patients with neurodegenerative diseases, including
PD. The molecular mechanisms underlying the correlation
between PD and depression are complex, including neuro-
transmitter disturbance, reduced expression of the serotonin
transporter (5-HTT), and depletion of monoaminergic neu-
rotransmitters [7]. NfL is an sensitive indicator for reflect-
ing white matter axonal damage in the brains, which has
been observed increased in several neurologic disorders [1].
Quantification of plasma NfL concentration can not only be
used in the diagnosis of PD, but also confirmed correlated

PD-MOD PD-SD HC PD-NA

PD-MIA  PD-MOA PD-SA

with disease severity and progression in the motor and cog-
nitive functions in PD [3]. Our results showed plasma NfL
levels were significantly higher in patients with PD-SD
and PD-MOD than in patients with PD-ND and PD-MID,
which demonstrated that plasma NfL concentrations were
also associated with depression in PD. Depression in PD has
also been linked to extensive cortical degeneration involv-
ing the dorsolateral prefrontal cortex, hippocampus, anterior
cingulate cortex, insula, and superior temporal gyrus [8],
which may explain the increased level of NfL.

We found a similar relationship between NfL levels and
anxiety among our PD patients. Depression frequently
coexists with anxiety, consistent with our observation that
HAMD positively correlated with HAMA (r=0.8459,
p<0.001). PD involves degeneration in dopamine- and
serotonin-based emotional regulation networks, which may
explain the link between the two affective disorders in PD
[7]. Neuroimaging studies have been shown primarily para-
hippocampal parts of the brain have been associated with
depression, while the amygdala has been associated with
anxiety; however, both brain regions typically show degen-
eration in PD patients [8]. Cortical degeneration associated
with depression and anxiety has been linked to increased
NfL levels.

In addition, our results found that PD-SD and PD-MOD
showed significantly higher H&Y stages than patients with
mild or no depression; same result was observed in anxiety.
This suggests a relationship between depression and anxiety
with disease severity in PD. Several studies reported that
when compared to non-depressed ones, PD patients with
depressive disorder presented more advanced H&Y stages,
greater Unified Parkinson’s Disease Rating Scale (UPDRS)
motor, and functional impairment scores [9, 10]. This could
be related to the underlying pathology of PD; depression
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could be an early manifestation of the neurodegenerative
process of PD and may be related with more severe and
widespread neurodegeneration [10]. Furthermore, increased
disease severity may be associated with the reaction to their
experienced physical symptoms. Thus, depression and PD
may be a bidirectional complex process, where each condi-
tion is supposed to mutually aggravate the other.

In our binary logistic regression analysis, we found Pitts-
burgh Sleep Quality Index (PSQI) and Parkinson’s Disease
Questionnaire 39 (PDQ-39) to be independent risk factors
of depression. There is a relationship between poor sleep
quality with anxiety and depression among patients with PD
[11]. Previous work showed a negative impact of depression
and anxiety on quality of life in PD [12], which we also
observed here.

There are some limitations in our study. First, our sample
size is limited and our study was single-center. Second, the
study was not designed for longitudinal observation. Third,
we did not perform an inter-group comparison between anxi-
ety and depression. Fourth, the NfL assay is time-consuming
and requires specialized equipment, so it may not be feasible
in certain healthcare settings. Fifth, we used scales to evalu-
ate depression and anxiety, which may have a subjective
effect.

Despite these limitations, our study provides evidence
linking increased NfL levels with depression and anxiety in
PD. In fact, ROC curves showed that plasma NfL was able
to differentiate between PD patients with moderate to severe
depression or anxiety. Thus, NfL levels may be associated
with depression severity in PD and may serve as a diagnostic
biomarker of PD involving moderate to severe depression
or anxiety.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10072-022-05914-2.
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