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Introduction: The main purpose of the present study is to confirm 
Peripapillary Retinal Nerve Fiber Layer (pRNFL) thickness is a biomarker 
of axonal degeneration in patients with Multiple Sclerosis (MS) and to 
evaluate its relationship with Neurofilament heavy chain (NfH) and 
Nitrotyrosine (NT).

Method: We quantified serum (s) and/or cerebrospinal fluid (CSF) NfH 
and NT levels in 30 relapsing-remitting MS patients (RRMS), 16 secondary 
progressive MS (SPMS) patients and in 29 control subjects matched for 
age and gender. Optical coherence tomography (OCT) measurements of 
pRNFL were performed in all subjects. Clinical outcomes were tested by 
Multiple Sclerosis Functional Composite (MSFC) and Expanded Disability 
Status Scale (EDSS).

Results: RRMS patients exhibited significantly higher NfH/NT levels (99 
pg/mL, 107.52 nM respectively) than controls (74 pg/mL, 48.72 nM) in 
CSF (p<0.0001), but not in sera. SPMS patients had significantly higher s 
NfH/NT values (111.25 pg/mL, 1251.77 nM respectively) and lower mean 

pRNFL thickness (79 µm) than patients with RRMS (98.50 µm) and controls 
(108 µm) (p<0.0001). pRNFL thickness was significantly correlated with all 
clinical disability measurements (EDSS, Trail Making test, 9-Hole Peg Test, 
and PASAT) in both RRMS and SPMS (p<0.001, p=0.02, p=0.03, p=0.02 
respectively). A positive correlation was also found between serum and/
or CSF NfH levels and EDSS scores in RRMS and SPMS (p<0.001, p=0.02 
respectively). The pRNFL thickness was also correlated significantly with 
serum and/or CSF NfH levels but not with s/CSF NT levels in both clinical 
forms of MS (p<0.01, p<0.001 respectively).

Conclusion: The current study demonstrated that both pRNFL and s/CSF 
NfH are reliable and quantitative biomarkers that correlate with current 
disease course and cross-sectional measure of disability in patients with 
MS.

Keywords: Multiple sclerosis, biomarkers, peripapillary retinal nerve 
fiber layer (pRNFL), optic coherence tomography (OCT), neurofilaments, 
nitrotyrosine
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Axonal loss occurring secondary to inflammation and neurodegeneration 
is increasingly recognized as the primary factor contributing to persistent 
deficits, and disability in multiple sclerosis (MS) (1). There is a particularly 
urgent need for improved biomarkers in MS, where disease course is 
highly variable and unpredictable. Recently, a number of candidate 
biomarkers have emerged that can be used as a sign of axonal damage (2).

Neurofilaments (Nf) are considered to reflect neurodegenerative 
processes. They are one of the protein structures that constitute the 
axonal cytoskeleton and composed of several subunits: Nf-light (NfL), Nf-
medium (NfM), and Nf-heavy (NfH) chains. When axonal damage occurs, 
Nf are released into the extracellular fluid, and can be measured in the 
cerebrospinal fluid (CSF) and sera as an indication of axonal damage (3). 
Nitrotyrosine (NT) is a biomarker of oxidative stress and it is a product of 
tyrosine nitration that is mediated by reactive nitrogen derivatives like 
peroxynitrite and nitrogen dioxide. However, its relationship with axonal 
loss is still unclear (4). Retina lacks myelin but contains ganglion cells and 

their respective axons. Peripapillary retinal nerve fiber layer (pRNFL) is a 
part of the retina, and it is accepted as an extension of the central nervous 
system (CNS). Therefore, the measurement of pRNFL thickness is the actual 
strategy to assess the axonal loss in MS (5). Optical coherence tomography 
(OCT) is a non-invasive technique that allows us to visualize the pRNFL 
thickness. Several studies showed a reduction in pRNFL thickness both 
in affected and non-affected eyes due to optic neuritis (ON) reflecting 
axonal damage within the visual pathways in MS besides widespread 
neurodegenerative processes (6). Data on the relationship between Nf, 
pRNFL, and NT are quite limited. Furthermore, their relevance to the 
clinical disability in different stages of MS is also less clear.

The present study aims to verify the potential role of pRNFL as a biomarker 
of axonal degeneration in the early and late phases of MS and to assess 
its relation with s/CSF NfH and NT levels. We also aimed to investigate 
the relevance of pRNFL thickness, s/CSF NfH, and NT levels to clinical 
disability and cognitive impairment.

INTRODUCTION
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METHOD

Patients and Controls
We enrolled 46 MS patients (30 patients with RRMS, 16 patients with 
SPMS). The inclusion criteria were patients with a confirmed diagnosis 
of MS according to Mc Donald’s criteria (7) and aged between 18–55 
years, with disease duration (from the onset of the first neurological 
event suggestive of demyelinating disease) of 2 years at most for RRMS 
patients and 10 years at least for SPMS patients. The exclusion criteria 
were a history of clinical relapse within 3 months prior to sampling. The 
following information was collected from the patients and recorded: 
sociodemographic characteristics (age, disease type, duration of illness), 
and disease-modifying therapy status. We additionally recruited age 
and gender-matched 21 healthy control subjects (HCS) without any 
neurological disease, or a history of head trauma within 3 months prior 
to sampling. Eight patients with the suspected diagnosis of pseudo-tumor 
cerebri having normal cerebrospinal cell count and biochemistry served 
as a control group for CSF studies. Non-inflammatory neurological 
disease (NIND) was confirmed based on extensive diagnostic evaluation 
in these control patients. Multiple Sclerosis Functional Composite 
(MSFC) (8), Expanded Disability Status Scale (EDSS) (9), and Trail Making 
Test (TMT) (10) were tested in all groups by one expert neurologist 
trained in multiple sclerosis (first author). CSF samples were collected 
from RRMS patients and NIND control group in the course of routine 
diagnostic measures. Serum samples were collected from all patients 
and control groups. The investigators who conducted the NfH, NT and 
OCT measurements had no access to clinical data. The ethics committee 
approved this prospective, single-center study of Ege University School 
of Medicine (12-TIP-003). All subjects to participate in the study provided 
written informed consent.

Determination of Serum and CSFNfH and NT Levels
Measurements of serum and CSF NfH (Biovendor Instruments, Brno, 
Czech Republic) and NT (Cell Biolabs, Inc., CA, USA) levels were carried 
out using commercially available enzyme-linked immunosorbent assay 
(ELISA) kits. Serum and CSF samples were collected at least 30 days after 
their inflammatory clinical relapse and stored at -80 ºC until the analysis. 
All samples were analyzed in duplicate according to the manufacturer’s 
guidelines. The detection limits for NfH and NT were 23.5 pg/mL and 1.95 
nM, respectively. Intra-assay and inter-assay coefficients of variation were 
less than 10% in each assay.

Determination of pRNLF Thickness 
pRNFL thickness was measured by TOPCON 3D OCT-1000 in all MS 
patients and control groups. Irrespective of the clinical optic neuritis 
history, median pRNFL thickness was analyzed for each eye in all groups. 
All subjects underwent full ophthalmological examination including 
best-corrected visual acuity, intraocular pressure, anterior and posterior 
segment evaluation, and pRNFL analysis using Spectral Domain Optical 
Coherence Tomography (SD-OCT) through a dilated pupil with 0.5% 
tropicamide eye drop. The same examiner performed the pRNFL 
measurements of all participants. OCT and blood/serum collection were 
performed simultaneously. The subjects were instructed to sit back, blink 
completely and fixate on a central fixation light. The pRNFL thickness 
was measured by circular scanning around the optic nerve in an area 
with a diameter of 3.4 mm. Besides, to median thickness values, pRNFL 
thicknesses were also recorded at the superior, inferior, temporal, and 
nasal quadrants for all patients. Median pRNFL thickness was evaluated 
from the average scan. The values of pRNFL thickness of patients under 
the lower limit of our OCT laboratory (97 micrometers) were accepted as 
abnormal value.

Statistical Analysis
SPSS version 25 was used for statistical analysis. Shapiro-Wilk test was used 

to test the normality of the data. Variables were described by median and 
interquartile ranges (IQR). The normal distribution of data was evaluated 
with the Shapiro-Wilk test. The difference between median values was 
tested with variance analysis (ANOVA). PASAT and MFSC values were 
assessed using the WELCH test since they were normally distributed, but 
their variances were not equal. Kruskal-Wallis analysis was performed 
for the data which were not normally distributed. Since the numbers 
between the groups were not equal, the difference between them was 
evaluated with the Bonferroni test. Spearman’s correlation analysis was 
used for the correlation of nonparametric variables. The results were 
evaluated using a 95% confidence interval, and p<0.05 was considered 
statistically significant.

RESULTS

Demographic Data
The mean age was similar in RRMS (30.5±6.1), in healthy controls 
(34.7±7.4) and control subjects with NIND (30.6±8.9) (p>0.05) and was 
higher in SPMS (40.9±6.8) group (p<0.0001). The mean ( ± SD) EDSS score 
was 1.2±0.6 in RRMS patients and 4.9±1.8 in SPMS patients (p<0.001). The 
mean ( ± SD) MSFC score was -0.29±0.32 in RRMS patients and -1.69±0.86 
in SPMS patients (p<0.0001) (Table 1). 10 patients (33.3%) were using 
Interferon beta 1a, 6 patients (20%) were using Interferon beta 1b, and 
9 patients (30%) were using glatiramer acetate in RRMS patients. Five of 
the RRMS patients did not use any treatment. Nine patients (56.2%) used 
fingolimod, and 7 patients (43.8%) used natalizumab in the SPMS group.

Neurofilament Heavy Chain (NfH) Levels
RRMS patients showed significantly increased CSF NfH levels [99 pg/
mL (51–497)] compared to NIND patients [74pg/mL (50–94)] (p<0.0001) 
(Table 2). SPMS patients exhibited significantly increased serum NfH 
levels [111.25 pg/mL (27.94)] in comparison with healthy controls 
[60.31pg/mL (17.63)], RRMS patients [62.91 pg/mL (21.99)] and also with 
NIND patients [54.45 pg/mL (14.54)] (p<0.0001) (Table 2).

Nitrotyrosine (NT) Levels
RRMS patients showed significantly elevated CSF-NT levels [107.52 nM 
(126.95)] than control subjects with NIND [48.72 nM (56.03)] (p<0.0001) 
(Table 2). Serum NT levels were significantly higher in patients with SPMS 
[1251.77 nM (300.08)] when compared to healthy controls [722.05 nM 
(285.58)], patients with NIND [964.37 nM (103.88)], and RRMS patients 
(p<0.0001) (Table 2).

OCT Findings
Irrespective of optic neuritis history, RRMS and SPMS patients exhibited 
significantly lower pRNFL thickness of each eye compared with both 
control groups (p<0.0001). In the SPMS group, each eye’s pRNFL thickness 
was significantly lower than the RRMS group (p<0.0001). There was no 
significant difference between control groups concerning OCT findings 
(Table 3).

Clinical Scores of Disability in MS Patients
RRMS patients exhibited significantly lower PASAT and MSFC scores 
and higher test time for trail making test compared to control groups 
(p<0.0001). As expected, SPMS patients showed significantly higher EDSS 
and test time for trail making test, T25FW, and 9 holes peg test compared 
to RRMS patients and control groups (p<0.0001). SPMS patients also 
showed significantly lower PASAT and MSFC scores than patients with 
RRMS and control groups (p<0.001).

Correlation of pRNFL Thickness with Serum and CSF NfH, NT 
Levels
In the RRMS group, each eye’s pRNFL thickness was significantly correlated 
with serum and CSF NfH levels (p<0.02 and p<0.01, respectively). 
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Table 1. Sociodemographic characteristics and disease modifying therapy status of the subjects

Healthy controls 
(n=21)

RRMS 
(n=30)

SPMS 
(n=16)

NIND 
(n=8)

p

Age

Mean 
( ± SD)

34.7±7.4a 
(22–50)

30.5±6.1a 
(19–44)

40.9±6.8b 
(29–51)

30.6±8.9a 
(19–41)

 <0.0001

Gender

 
Female
Male

15 (71%)
6 (29%)

23 (77%)
7 (23%)

12 (75%)
4 (25%)

8 (100%)
0 (0%)

 >0.05

Disease duration

(Years)
1.14±0.36 

(0–2)
14.23±3.6 
(11–18)

 <0.0001

EDSS

Mean 
( ± SD)

1.2±0.6 
(0–2)

4.9±1.8 
(4–7)  <0.001

MSFC

Mean 
( ± SD)

0.43±0.13a -0.29±0.32b -1.69±0.86c 0.39±0.10a  <0.0001

ANOVA (post-hoc Tukey test) and Bonferroni test.
NIND, non-inflammatory neurological disease; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; EDSS, expanded disability status scale; 
MSFC, multiple sclerosis functional composite.
Different letters show significant difference (p<0.05 significant). 

Table 2. Serum and CSF NfH and NT levels of MS patients and controls

NfH (pg/mL)
Healthy controls 

(n=21)
RRMS 
(n=30)

SPMS 
(n=16)

NIND 
(n=8) p

CSF Median (range)  99 (51–497) 74 (50–94)  <0.0001

Serum Median (IQR) 60.31 (17.63)b 62.91 (21.99)b 111.25 (27.94)a 54.45 (14.54)b  <0.0001

NT (nM)
Healthy controls 

(n=21)
RRMS 
(n=30)

SPMS 
(n=16)

NIND 
(n=8) p

CSF Median (IQR) 107.52 (126.95) 48.72 (56.03)  <0.0001

Serum Median (IQR) 722.05 (285.58)b 978.75 (363.43)b 1251.77 (300.08)a 964.37 (103.88)b  <0.0001

ANOVA (post-hoc Tukey test) and Bonferroni test.
NfH, neurofilament; NT, nitrotyrosine; NIND, non-inflammatory neurological disease; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; 
CSF, cerebrospinal fluid.
Different letters show significant difference (p<0.05 significant). 

Table 3. OCT findings of MS patients and controls 

Healthy controls  RRMS  SPMS NIND p

Right eye

RNFL thickness Median

 (µm)  (IQR) 109 (6.5)a 99 (12.25)b 81 (3.75)c 112.50 (14.5)a  <0.0001

Left eye

RNFL thickness Median

 (µm)  (IQR) 108 (5.5)a 98.50 (10.5)b 79 (9.5)c 110 (24.25)a  <0.0001

ANOVA (post-hoc Tukey test) and Bonferroni test.
OCT, optical coherence tomography; RNFL, retinal nerve fiber layer; NIND, non-inflammatory neurological disease; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary 
progressive multiple sclerosis.
Different letters show significant difference (p<0.05 significant). 
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Table 4. Correlation of RNFL with serum/CSF NfH and NT levels in MS patients

RRMS

NfH (n=30) NT (n=30)

CSF Serum CSF Serum

Right eye RNFL
r -0.77 -0.59 0.19 -0.01

p 0.01 0.02 0.29 0.94

Left eye RNFL
r -0.68 -0.61 0.12 -0.24

p 0.01 0.02 0.52 0.20

SPMS NfH Serum (n=16) NT Serum (n=16)

Right eye RNFL
r -0.79 -0.45

p 0.001 0.08

Left eye RNFL
r -0.84 0.01

p 0.001 0.95

Correlation analysis was performed by Spearman correlation.
RNFL, retinal nerve fiber layer; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; NfH, neurofilament; NT, nitrotyrosine.
p<0.05 significant. 

Table 5. Correlation of serum/CSF NfH and NT levels with clinical scores

EDSS Trail Making Test 25 Foot Walking Test 9 Hole Peg Test PASAT

RRMS

CSF NfH
r 0.86 0.64 -0.21 0.00 0.34

p 0.001 0.02 0.24 0.99 0.06

Serum NfH
r 0.78 0.63 0.26 -0.06 0.30

p 0.01 0.02 0.15 0.74 0.10

CSF NT
r 0.06 0.04 0.31 0.12 0.30

p 0.75 0.79 0.09 0.51 0.10

Serum NT
r -0.04 0.10 0.59 0.41 -0.07

p 0.80 0.58 0.03 0.08 0.68

SPMS

Serum NfH
r 0.70 -0.16 -0.16 0.38 0.01

p 0.02 0.54 0.54 0.14 0.94

Serum NT
r 0.62 -0.11 -0.02 0.00 -0.19

p 0.03 0.66 0.91 0.99 0.46

Correlation analysis was performed by Spearman correlation.
NfH, neurofilament; NT, nitrotyrosine; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; CSF, cerebrospinal fluid; EDSS, expanded 
disability status scale; PASAT, paced auditory serial addition test.
p<0.05 significant. 

Table 6. Correlation of RNFL thickness with clinical scores in RRMS and SPMS patients

EDSS Trail Making Test 25 Foot Walking Test 9 Hole Peg Test PASAT

RRMS

 Right Eye RNFL r -0.80 -0.72 0.05 0.15 0.69

p 0.001 0.02 0.79 0.42 0.02

Left Eye RNFL r -0.88 -0.64 0.25 0.11 0.75

p 0.001 0.02 0.17 0.55 0.01

SPMS

 Right Eye RNFL r -0.84 -0.66 -0.65 -0.13 0.70

p 0.001 0.01 0.03 0.61 0.02

Left Eye RNFL r -0.81 -0.59 -0.65 0.20 0.73

p 0.001 0.04 0.03 0.45 0.02

Correlation analysis was performed by Spearman correlation.
RNFL, retinal nerve fiber layer; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; EDSS, expanded disability status scale; PASAT, paced 
auditory serial addition test.
p<0.05 significant. 
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However, we could not detect the same strong correlation between 
pRNFL thickness and NT levels. In the SPMS group, pRNFL thickness of 
each eye was also correlated with serum NfH levels (p<0.001) (Table 4).

Correlation of Serum and CSF Biomarkers with Clinical Score of 
Disability
As depicted in Table 5, NfH levels in both serum and CSF were correlated 
positively with EDSS and trail making test scores but not with PASAT 
scores in RRMS patients. No significant correlation was found between 
NT levels and clinical scores except T25WF in RRMS. In the SPMS group, 
a positive correlation was found between serum NT and NfH levels 
and EDSS. However, we did not observe a correlation between serum 
biomarkers (NfH and NT) and cognitive test scores (TMT, PASAT) in this 
group of patients (Table 5). MSFC scores were also significantly negatively 
correlated with NT and NfH levels in sera but not in CSF in all MS patients.

Correlation of pRNFL Thickness with Clinical Scores of Disability
The association with a clinical disability was most common and evident 
in pRNFL thickness. Lower pRNFL thickness correlated significantly with 
clinical disability scores both in the early and late phases of MS. In RRMS 
patients, each eye’s pRNFL thickness was negatively correlated with EDSS 
and Trail Making Test scores and positively correlated with PASAT scores. 
In the SPMS group, we also observed a negative correlation between 
pRNFL thickness and EDSS, Trail Making Test, and T25FW scores. A 
positive correlation was also observed between pRNFL thickness for each 
eye and PASAT scores in SPMS patients (Table 6). A significant positive 
correlation was found between MSFC scores of all MS patients and 
pRNFL thickness for each eye (p<0.001).

DISCUSSION
The results of the current study demonstrated that axonal biomarkers, 
pRNFL thickness, and NfH levels correlated with current disease course 
and cross-sectional measure of disability in patients with MS. This 
study’s findings may also support the notion that OCT measurement 
of pRNFL thickness and body fluid biomarkers NfH and NT are related 
to inflammatory activity, presumably through an indirect mechanism 
that affects neuroaxonal loss in the early MS. Axonal loss is the main 
underlying reason for disability rather than demyelination and occurs 
even at the beginning of the disease. The level of axonal degeneration 
at the early stages of the disease may reflect the long-term prognosis 
and can be beneficial to optimize the individual choice of treatment. 
Neurofilaments have been extensively studied in RRMS and demonstrated 
that NfL and to a lesser extent, NfH are associated with clinical and MRI 
inflammatory activity and predict future disability progression (11). Some 
studies showed that NfH, a marker of axonal damage, is an independent 
prognostic factor for conversion from clinically isolated syndrome to 
clinically definite MS. Also, it is correlated with a high number of relapses 
(12). Recent data also indicated their potential clinical value in monitoring 
treatment or side effects. In these studies, higher neurofilament light or 
heavy subunit levels are altered upon treatment regime with fingolimod 
and natalizumab (13). However, their role in progressive MS is less clear. 
In a recent review, the authors stated that NfL is consistently associated 
with current inflammatory activity and future brain atrophy and shown 
to be a marker of treatment response. Associations with current or future 
disability are inconsistent (11). In our study, we detected high levels of 
NfH in CSF of RRMS patients in the early period and in the serum of SPMS 
patients compared to control groups. Also, SPMS patients had significantly 
higher serum NfH levels when compared with RRMS. Increased disease 
duration and clinical scores of disability were positively correlated with the 
increased levels of serum and/or CSF NfH. On the other hand, the oxidative 
process and nitrosative stress are the parts of pathological mechanisms 
that lead to axonal damage and neuronal loss in MS (14). In the literature, 
although there are some inconsistent data about CSF and serum NT levels, 

both increased s/CSF levels were determined both in RRMS and SPMS in 
some studies (15). In the current study, we also detected increased levels 
of NT in CSF of RRMS and serum of SPMS patients compared to control 
groups. SPMS patients exhibited significantly increased NT serum levels 
compared to RRMS subjects. Increased disease duration and EDSS were 
also positively correlated with the increased levels of serum NT in patients 
with SPMS. Therefore, this study also supported the fact that axonal 
degeneration and nitrosative stress begins at the early stage of the disease 
and increases with disease duration and disability.

OCT is a non-invasive, repeatable, and easy to perform a procedure 
to assess the axonal loss in MS and proved its reliability in different 
studies (16). In the literature, many studies reported that axonal 
damage determined by OCT occurs even in the early stage of MS (17). 
Clinically isolated syndrome (CIS) and RRMS patients had been shown 
to have lower pRNFL thickness compared to healthy subjects (18). On 
the other hand, some studies demonstrated a correlation between 
pRNFL thickness and disability. A recent study demonstrated a relatively 
preserved pRNFL thickness over 2 years is associated with clinical 
and brain MRI criteria of no evidence of disease activity (NEDA) (19). 
Additionally, OCT predicts long-term disability, and pRNFL thickness is 
correlated with MS progression regardless of optic neuritis and may be 
useful in differentiating progressive forms (20). The current study further 
supported the concept that axonal damage exists even in the early stage 
of MS by means of OCT that was in line with these recent studies (18, 19). 
RRMS patients had significantly lower pRNFL thickness than both control 
groups. Patients with SPMS had significantly the lowest pRNFL thickness 
compared to other groups. Lower RNFL thickness was also significantly 
correlated with a higher physical and cognitive disability. Data on the 
relation between pRNFL thickness and other soluble biomarkers are very 
scarce (21, 22). Therefore, our study is remarkable in this aspect. In our 
cross-sectional study, elevated CSF and/or serum NfH levels in RRMS and 
SPMS patients were closely related to lower pRNFL thickness. A recent 
prospective, 3-year observational study on retinal changes with annual 
sNfL levels demonstrated that sNfL levels contribute to the prediction 
of retinal thinning in RRMS patients (21). In another prospective study, 
where spectral domain OCT and sNfL were obtained at baseline and after 
5.5 years of follow-up, sNfL was significantly associated with baseline 
pRNFL and macular ganglion cell and inner plexiform layer thickness 
(mGCIP) (22). Although pRNFL thickness was strongly correlated 
negatively with s/CSF NfH levels in RRMS and SPMS, the same significant 
correlation was not found between pRNFL thickness and NT levels in both 
groups. These findings supported the fact that the OCT measurement of 
pRNFL thickness and NfH are biomarkers for axonal degeneration and 
contributed to axonal loss. However, this may not be related to increased 
oxidative stress in some MS patients.

Cognitive impairment is well established in MS, although there are 
some differences between MS subtypes. RRMS patients are usually 
less affected than progressive groups (23). Although our patients have 
not been undertaken by a comprehensive cognitive test battery, both 
RRMS and SPMS patients demonstrated significant impairment in the 
tests performed for cognitive assessment compare to controls. TMT 
measures visual attention, cognitive flexibility, and executive functions, 
while PASAT is used to assess auditory information, processing speed, 
sustained attention, and calculation ability (8–10). We found that SPMS 
patients have significantly the lowest scores of PASAT, higher scores for 
EDSS, slower time for TMT, T25FW test and, 9-hole peg test compared 
to RRMS and control groups. Unsurprisingly, disease variables such as 
disease duration and level of physical disability have been inconsistently 
associated with cognitive dysfunction in our MS patients. The present 
study also showed that cognitive impairment could be present from the 
earliest stage of multiple sclerosis, as shown in other studies (23).
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One of the key questions that need to be answered is; are biomarkers in 
sera or CSF associated with a cross-sectional measure of inflammatory 
activity or disability? Addressing a part of this question, our study 
demonstrated a significant correlation between s/CSF levels of NfH and 
EDSS, Trail Making Test in RRMS patients. Serum NT/NfH levels were 
also correlated significantly with EDSS scores in SPMS patients. These 
findings demonstrated that NfH levels contributed to the disability in 
both the early and late stages of MS, while this correlation was significant 
only in the late stage for NT levels. Both neurofilament light and heavy 
subunits can reflect chronic irreversible damage, as shown in other 
studies (24). In several studies, both sNfH and CSF NfH have been found 
to be associated with current disability by measuring disability through 
EDSS, T25FW, 9HPT or ambulatory index (11, 25, 26). Research data on 
cognitive performance and Nf levels in progressive MS are very limited 
(26, 27). In these studies, sNfH (26) and sNfL (28) has been associated 
with cognitive decline. However, we did not detect a correlation between 
serum biomarkers (NfH, NT) and cognitive test scores (TM, PASAT) in our 
SPMS patients.

Neuroretinal loss can be considered as a marker of neurodegeneration 
in MS, being associated with measures of disability, cognitive impairment 
as well as with brain atrophy at MRI (28, 29). In this study, we found a 
strong and more pronounced correlation between pRNFL thickness 
and current disability than other soluble biomarkers. In both RRMS and 
SPMS patients, pRNFL thickness demonstrated a significant correlation 
with EDSS, Trail Making Test, and PASAT scores. This data showed that 
pRNFL thickness measured by OCT seems to be a strong marker to detect 
disability and cognitive decline compared to other measured body fluid 
biomarkers (30). Compatible with this data, we established a closer 
relationship between pRNFL thickness and MSFC scores. Right eye and 
left eye pRNFL thickness were all correlated with MSFC scores.

In conclusion, our study confirmed that axonal degeneration and 
oxidative stress occur at the early stage of MS, outstanding in the later 
stage. A strong correlation between pRNFL thickness and serum and/
or s/CSF NfH levels in RRMS and SPMS verified their value as reliable 
and quantitative markers for axonal damage and neurodegeneration 
in different clinical courses of MS. We also demonstrated that both 
pRNFL and s/CSF NfH are reliable biomarkers that correlate with 
current disease course and cross-sectional measure of disability in MS 
patients. Our study may further support the role of pRNFL as a non-
invasive additional tool in monitoring MS disease activity and treatment 
response.
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