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ABSTRACT
Objective: Neurofilament light chain (NfL) has emerged as a promising biomarker for several 
neurological diseases. Therefore, we investigated its serum levels and their association with 
disease characteristics, including duration, severity, and medication use in patients with rest
less legs syndrome (RLS).
Method: This cross-sectional prospective study included 71 RLS patients and 70 healthy 
controls. RLS patients were characterized based on disease duration, severity, and medication 
use. NfL levels were quantified using commercial enzyme-linked immunosorbent assay kits.
Result: No significant differences in NfL levels were observed between RLS patients and 
controls (p > 0.05). Furthermore, the levels were not significantly associated with disease 
duration or severity in RLS patients (p > 0.05).
Conclusion: These findings do not support the use of NfL as a biomarker for RLS. Further large- 
scale studies are needed to evaluate its role in RLS.
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Introduction

Restless legs syndrome (RLS), also known as Willis – 
Ekbom disease, is a common sensory-motor disorder 
characterized by unpleasant sensations in the legs and 
an irresistible urge to move the limbs [1]. With 
a prevalence of 5–10% in adults from North America 
and Western Europe, RLS is one of the most common 
sleep disorders [2]. Notably, the condition is twice as 
common in women, and its incidence increases with 
age [3]. The primary form, known as idiopathic RLS, is 
the most common type that presents early in life, 
peaking during the second decade; it has an under
lying genetic predisposition and accounts for approxi
mately 70–80% of all RLS cases [3]. By contrast, 
secondary RLS develops later in life and is associated 
with underlying medical conditions, including preg
nancy, chronic kidney disease, rheumatic diseases, 
certain medications, diabetes mellitus, Parkinson’s 
disease (PD), and multiple sclerosis (MS) [2,3]. 
Despite extensive research, the underlying pathophy
siology of primary RLS remains uncertain. However, 
genetic predisposition, central nervous system iron 
dysregulation, and dopaminergic dysfunction are 
implicated as potential etiological factors [2].

Neurofilament light chain (NfL) has emerged as 
a promising biomarker for several neurological dis
eases [4]. Elevated levels have been reported in 
patients with PD [5,6], MS [7–9], Alzheimer’s disease 
(AD) [10,11], motor neuron disease [12,13], and trau
matic brain injury [14,15]. In particular, NfL is poised 
to become a critical diagnostic criterion for MS [16,17] 
and AD [18,19] in future guidelines. As a core com
ponent of the neuronal cytoskeleton, NfL is released in 
small quantities into the blood and cerebrospinal fluid 
(CSF), with levels increasing with age [20]. However, 
axonal damage or neuronal degeneration leads to sig
nificantly increased NfL release into the interstitial 
fluid of the brain, entering the blood and CSF [21]. 
Although traditionally measured in CSF, recent 
advancements in ultrasensitive assays have enabled 
the detection of NfL in blood, a less invasive sample 
[22]. Vrillon et al. [23] demonstrated the equivalent 
diagnostic performance of NfL levels measured in the 
CSF and plasma for the positive and differential 
diagnosis AD in a clinical setting.

Here, we investigated serum levels of NfL and their 
association with disease characteristics, including dura
tion, severity, and medication use in patients with RLS.
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Method

Study population

A cross-sectional prospective study was conducted 
between March and September 2023 at Kirsehir Ahi 
Evran University Training and Research Hospital in 
Kirsehir, Turkey. We included 71 patients with idio
pathic RLS and 70 age- and sex-matched healthy con
trols aged >18 years. Patients with malignancies, 
neurodegenerative diseases (AD, PD, and MS), 
a history of local trauma or surgery, peripheral ner
vous system pathologies including neuropathies or 
radiculopathies, and pregnancy were excluded.

Idiopathic RLS was diagnosed in accordance with the 
International RLS Study Group diagnostic criteria [24]. 
RLS patients underwent evaluation of disease duration, 
severity, and medication use. Disease duration was 
categorized as newly – diagnosed, <5, 5–9, and ≥10  
years. Disease severity was evaluated using the 
International RLS Study Group severity scale, ranging 
from 0 to 40 points. Scores of 0–10, 11–20, 21–30, and 
31–40 represent mild, moderate, severe, and very severe 
RLS, respectively [25]. Dopamine agonists were pre
scribed to 84.5% of RLS patients. Fasting venous blood 
samples were collected from all patients, and standard 
laboratory analyses, including complete blood count, 
iron studies (iron, total iron binding capacity, ferritin, 
and transferrin saturation), vitamin B12, folate, vitamin 
D, and magnesium, were conducted.

The Kirsehir Ahi Evran University Local Research 
Ethics Committee (approval date 1 March 2023; 
approval no. 2023–01/01) approved the study proto
col. Informed consent was obtained from all 
participants.

NfL assay

Blood samples were collected from RLS patients and 
controls in gel tubes without anticoagulants and cen
trifuged at 3000 rpm for 10 min. Subsequently, the 
supernatant was removed and stored at −80°C until 
analysis. Serum concentrations of NfL were deter
mined using a commercially available enzyme-linked 
immunosorbent assay (ELISA) kit (Elabscience, 
Wuhan, China). Optical density was measured at 
450 nm using a microplate reader (SPECTROstar 
Nano, BMG Labtech, Ortenberg, Germany); NfL con
centrations were expressed as pg/mL.

Statistical analysis

Statistical analyses were performed using SPSS soft
ware (ver. 25.0; IBM Corp., Armonk, NY, U.S.A.). 

Normality was assessed using the Kolmogorov – 
Smirnov test. Data are presented as mean ± standard 
deviation, median (interquartile range), or percen
tages. Continuous variables were compared using 
a one-way analysis of variance, Kruskal – Wallis test, 
Student’s t-test, or Mann – Whitney U test, whereas 
categorical variables were compared using the chi- 
square test. Pearson correlations were calculated to 
assess relationships between numerical variables. 
p-values <  0.05 were considered statistically   
significant.

Result

Table 1 presents the baseline demographics and 
laboratory characteristics of the control group and 
RLS patients. The median age of RLS patients was 56 
(23–69) years, with female predominance (80.3%). No 
significant differences in age, sex, laboratory para
meters, or NfL levels were observed between the 
groups (p > 0.05).

Table 2 presents the blood parameters of RLS 
patients categorized by disease duration. Of the 61 
patients, 11 (15.5%) were newly diagnosed, 28 
(39.4%) had RLS for <5 years, 14 (19.7%) for 5–9  
years, and 18 (25.3%) for ≥10 years. No significant 
differences in laboratory parameters or NfL levels 
were observed among the groups (p > 0.05).

Table 3 presents the blood parameters of RLS 
patients categorized by disease severity. Based on the 
International RLS scale, no patients exhibited mild 
RLS, whereas 26 (36.6%) had moderate, 42 (59.2%) 
had severe, and 3 (4.2%) had very severe RLS. 
Considering the heterogeneity of the subgroups, 
patients were dichotomized into severe (n = 45, 
63.4%) and non-severe (n = 26, 36.6%) groups. No 
significant differences in blood parameters or NfL 
levels were observed between these groups (p > 0.05).

Table 4 presents the correlation analysis of blood 
parameters in RLS patients. Of these parameters, NfL 
exhibited a significant correlation with magnesium (r  
= 0.210, p = 0.012).

Discussion

The pathophysiology of RLS remains uncertain, hin
dering diagnosis, treatment, and prognosis. Proposed 
mechanisms include genetic predisposition, dopami
nergic dysfunction, iron metabolism disturbances, and 
central opioidergic system dysfunction [2]. 
Considering the high prevalence of familial RLS 
(>60%), genetic factors may primarily contribute to 
RLS pathogenesis. Multiple studies have elucidated the 
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underlying genetic mechanisms of RLS. Genome-wide 
association studies in Northern European populations 
have identified several susceptibility genes, including 
BTBD9, MEIS1, PTPRD, MAP2K5/SKOR1, and 
TOX3/BC034767 [26–28]. Schormair et al. [29] iden
tified 19 risk genes associated with RLS pathogenesis. 
Although low iron levels can contribute to RLS symp
toms, most patients, including those in our study, 
exhibit normal iron tests. Several studies have 

indicated that iron deficiencies in the brain, rather 
than systemic depletion, is a critical factor in RLS 
pathogenesis [30]. Transcranial ultrasound examina
tions by Schmidauer et al. [31] demonstrated 
decreased iron content in the substantia nigra, 
a primary iron reservoir in the brain, among RLS 
patients. Subsequent magnetic resonance imaging 
(MRI) studies have corroborated these findings [32]. 
Iron deficiencies in the brain are implicated in the 

Table 1. The demographic and laboratory data of controls and patients with restless 
legs syndrome.

Controls 
(n = 70)

Patients 
(n = 71) P–value

Age (years) 53 (20 − 71) 56 (23 − 69) 0.256

Gender
Female 47 (67.1) 57 (80.3) 0.087
Male 23 (32.9) 14 (19.7)

Blood parameters
Iron (µg/dL) 78.3 ± 39.2 68 ± 35.7 0.126
TIBC (µg/dL) 363.9 ± 54.3 375.2 ± 68 0.278
Ferritin (ng/mL) 45.5 (6 − 495) 39 4 − 793) 0.689
Transferrin saturation (%) 22.4 ± 13.0 18.7 ± 10.3 0.148
Haemoglobin (g/dL) 14 ± 1.7 13.9 ± 1.7 0.746
Vitamin B12 (pg/mL) 381.6 ± 122.6 357.5 ± 115.9 0.295
Folate (ng/mL) 7 (2 – 16) 7 (3 – 20) 0.852
Vitamin D (ng/mL) 17 (5 − 51) 16 (5 − 78) 0.248
Magnesium (mg/dL) 2 (1.4 – 2.3) 2 (0.9 – 2.4) 0.536
NfL (pg/mL) 12.5 (7.6 – 97.8) 12.3 (7.7 – 39.5) 0.779

Values are expressed as n (%), mean ± SD or median (min – max). TIBC indicates total iron – binding 
capacity; NfL, neurofilament light chain.

Table 2. Blood parameters of patients with restless legs syndrome according to disease duration.

Newly – diagnosed (n = 11)
<5 years 
(n = 28)

5–9 years 
(n = 14)

≥10 years 
(n = 18) P–value

Iron (µg/dL) 85 ± 55.1 68.1 ± 31.9 65.5 ± 32.4 59.4 ± 27.8 0.699
TIBC (µg/dL) 367.3 ± 70.3 387.6 ± 68.8 376.4 ± 53.9 359.7 ± 76.5 0.448
Ferritin (ng/mL) 65 (6 − 200) 38 (4 − 255) 35 (6 − 793) 34 (5 − 112) 0.583
Transferrin saturation (%) 24.6 ± 17.0 18.5 ± 9.4 17.4 ± 7.7 16.6 ± 6.9 0.629
Haemoglobin (g/dL) 13.7 ± 2.5 13.9 ± 1.4 14.0 ± 1.9 13.9 ± 1.6 0.997
Vitamin B12 (pg/mL) 338 ± 123.3 364.4 ± 105.5 332.3 ± 80.1 378.2 ± 149.9 0.703
Folate (ng/mL) 6 (3 – 13) 8 (4 – 20) 5.5 (3 – 20) 8 (3 – 20) 0.088
Vitamin D (ng/mL) 15 (8–28) 15 (6 − 51) 16 (8 – 28) 18 (5 − 78) 0.536
Magnesium (mg/dL) 2 (1.5 – 2.3) 2 (1.9 – 2.3) 2 (1.9 – 2.2) 2 (0.9 – 2.4) 0.810
NfL (pg/dL) 13.5 (7.8–30.7) 11.2 (7.7 – 33.5) 13.7 (7.9 – 39.5) 13.2 (7.9 – 34.3) 0.512

Values are expressed as mean ± SD or median (min – max). TIBC indicates total iron – binding capacity; NfL, neurofilament light chain.

Table 3. Blood parameters of patients with restless legs syndrome in terms of disease 
severity.

Severe 
(n = 45)

Non – severe 
(n=26) P–value

Iron (µg/dL) 67 ± 33.7 69.6 ± 39.7 0.213
TIBC (µg/dL) 377.2 ± 72.3 371.6 ± 61.1 0.298
Ferritin (ng/dL) 50[4–793] 37.5[5–270] 0.914
Transferrin saturation (%) 18.5 ± 9.7 19.1 ± 11.4 0.404
Haemoglobin (g/dL) 13.9 ± 1,8 13.9 ± 1.6 0.539
Vitamin B12 (pg/mL) 361.2 ± 113.5 351.0 ± 122.0 0.265
Folate (ng/mL) 7 [3 – 20] 7[3 – 13] 0.710
Vitamin D (ng/mL) 15[6 – 78] 16 [5 – 51] 0.938
Magnesium (mg/dL) 2 [0.9 – 2.3] 2 [1.5 – 2.4] 0.646
NfL (pg/dL) 12.3 [7.7 – 39.5] 12.7[7.7 – 34.3] 0.877

Values are expressed as mean ± SD or median [min – max]. TIBC indicates total iron – binding capacity; 
NfL, neurofilament light chain.
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pathophysiology of RLS, contributing to hypoxia and 
myelin loss [33]. Previous imaging studies have 
demonstrated increased putaminal dopaminergic sti
mulation in response to hypoxia in RLS patients [34]. 
Consequently, synaptic dopamine levels rise, leading 
to postsynaptic downregulation of receptor and cellu
lar function in the brain [33]. Considering the circa
dian fluctuations in dopamine, this postsynaptic 
adaptation remains asymptomatic during the day but 
becomes apparent at night when dopamine levels 
decrease, resulting in RLS symptoms. This mechanism 
underlies the efficacy of levodopa for treating noctur
nal RLS symptoms [30].

NfL is a cytoplasmic protein predominantly 
expressed in large-caliber myelinated axons. Serum 
levels correlate with axonal damage severity across 
various neurological disorders, including neurodegen
erative, inflammatory, and traumatic disorders 
[6,7,10,13,15]. Recent studies have predominantly 
focused on PD [5,6,35], MS [7,8,17], and AD 
[10,11,36]. Diekamper et al. [37] demonstrated 
a strong correlation between serum levels NfL and 
reduced presynaptic dopamine transporter density in 
the putamen of patients with movement disorders and 
nigrostriatal degeneration. These findings suggest that 
NfL may serve as a biomarker for motor function 
impairment in PD. In addition, Teunissen et al. [38] 
reported elevated CSF and serum levels in patients 
with MS and clinically isolated syndrome who subse
quently developed MS. Mattsson et al. [36] conducted 
a longitudinal analysis of plasma levels in 1,583 North 
American AD patients, collecting data annually for 11  
years (2005–2016). Their findings established NfL in 
plasma as a noninvasive biomarker for monitoring 
neurodegeneration in AD. Moreover, several studies 
have investigated serum levels of NfL in COVID-19 
patients, a condition characterized by excessive 
inflammation. Although several studies have reported 

elevated levels in such patients with neurological 
symptoms [39,40], others have found no significant 
differences [41]. In addition, several studies have 
implicated NfL in the neuronal death associated with 
neurodegeneration in RLS patients [42,43]. 
Consequently, we hypothesized that NfL levels would 
be elevated in RLS patients. However, no significant 
differences were observed between RLS patients and 
controls, irrespective of disease severity or duration. 
Several factors may explain these unexpected results. 
First, the small sample size may have limited our 
ability to detect significant differences. Second, the 
inclusion of RLS patients with idiopathic disease, char
acterized by substantial genetic heterogeneity in neu
ronal protein expression, could have introduced 
variability in NfL levels. In addition, racial differences 
may have confounded our findings. Moreover, most 
patients (84.5%) were treated with dopamine agonists, 
which decreased NfL levels and attenuated potential 
differences between groups. Although serum levels of 
NfL did not show significant differences between 
groups, CSF analysis may provide additional insights.

Our study had several limitations. Notably, the 
small sample size, cross-sectional design, and the pre
valence of medication use among participants may 
have influenced our findings. Additionally, we mea
sured serum levels of NfL using ELISA whereas a more 
sensitive assay such as single-molecule array (Simoa) 
might increase the sensitivity in such a neurological 
disorder without a major neurodegenerative compo
nent. However, a recent comparative study has shown 
similar efficacy for both, ELISA and Simoa, in analyz
ing plasma levels of NfL [44].

Conclusion

Our study is the first to evaluate serum levels of NfL as 
a biomarker in RLS patients. Although our findings do 

Table 4. Correlation analysis of blood parameters in patients with restless legs syndrome.
Iron TIBC Ferritin Transferrin saturation Hemoglobin Magnesium NfL

Iron . r= −0.213 
p = 0.011

r  = 0.544 
p < 0.001

r = 0.926 
p < 0.001

r = 0.530 
p < 0.001

NS NS

TIBC r = −0.213 
p = 0.011

. r  = 0.536 
p < 0.001

r = −0.419 
p < 0.001

r = −0.312 
p < 0.001

NS NS

Ferritin r = 0.544 
p < 0.001

r = 0.536 
p < 0.001

. r = 0.625 
p < 0.001

r = 0.567 
p < 0.001

NS NS

Transferrin saturation r = 0.926 
p < 0.001

r = −0.419 
p < 0.001

r = 0.625 
p < 0.001

. r = 0.526 
p < 0.001

NS NS

Hemoglobin r = 0.530 
p < 0.001

r = −0.312 
p < 0.001

r = 0.567 
p < 0.001

r = 0.526 
p < 0.001

. r = 0.235 
p = 0.005

NS

Magnesium NS NS NS NS r = 0.235 
p = 0.005

. r = 0.210 
p = 0.012

NfL NS NS NS NS NS r = 0.210 
p = 0.012

.

TIBC indicates total iron – binding capacity; NfL, neurofilament light chain.
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not currently support the use of NfL as a biomarker for 
RLS, larger-scale studies are needed to evaluate its role 
in RLS.
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