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Multiple sclerosis (MS) is a chronic debilitating immune-mediated disease of the central nervous system, which causes de-
myelination and neuroaxonal damage. Low-grade systemic in�ammation has been considered to lead to pathogenesis owing to
the ampli�cation of pathogenic immune response activation. However, there is a shortage of reliable systemic in�ammatory
biomarkers to predict the disease activity and progression ofMS. InMS patients, a series of cytokines and chemokines promote the
proliferation of neutrophils and lymphocytes and their transfer to the central nervous system.�e neutrophil-to-lymphocyte ratio
(NLR), which combines the information of the inherent and adaptive parts of the immune system, represents a reliable measure of
the in�ammatory burden. In this review, we aimed to discuss the in�ammatory response in MS, mainly the function
of lymphocytes and neutrophils, which can be implemented in the utility of NLR as a diagnostic tool in MS patients. �e
underlying pathophysiology is highlighted to identify new potential targets for neuroprotection and to develop novel
therapeutic strategies.

1. Introduction

Multiple sclerosis (MS) is a neuroin�ammatory and neu-
rodegenerative disease that can lead to focal lesions of the
brain and spinal cord. It is characterized by focal demye-
linated lesions, segmental save of axons, and glial scar hy-
perplasia [1,2]. �e MS pathological process includes the
breakdown of the blood-brain barrier (BBB), in�ammatory
in�ltration, microglia activation, demyelination, oligoden-
drocyte loss, gliosis, and axonal degeneration [3]. Central
nervous system (CNS) in�ammation is a major driver of MS
disease pathogenesis [4]. It is generally believed that MS is
multifactorial, and both environmental and genetic factors
seem to be involved in MS [5]. �e genome-wide association
study (GWAS) has identi�ed more than 100 genetic variants
associated with MS, which are mainly locked to the adaptive
immune system [5,6]. As for the pathogenesis,
T lymphocytes play major roles in guiding immune

response, which could trigger and adjust the entrance and
transfer of in�ammatory cells to the CNS. In addition, more
and more evidence shows that B cells play an element role in
the pathogenesis and progression of MS [7–9].

�e main causes of chronic in�ammation are
macrophages, lymphocytes, and plasma cell in�ltration [10].
Correspondingly, neutrophils and macrophage cells migrate
to in�ammatory areas via chemokines and cytokines which
are responsible for acute in�ammation [11]. In line with the
deepened understanding of the potential pathophysiological
mechanisms of MS, the therapeutics for lymphocytes make
great progress. Accordingly, the increase in neutrophil count
is usually related to the occurrence and severity of in-
�ammation [12–14]. As an in�ammatory marker, the ratio of
neutrophils to lymphocytes (NLR) integrates the informa-
tion from two leukocytes, avoiding the disadvantage of
possible infection or other abnormal e£ects, and has higher
clinical signi�cance than other single in�ammatory cells
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[15]. NLR is a parameter reflecting inflammatory index and a
predictor of cardiovascular disease, pancreatitis, tumor, and
other diseases [16–19]. At present, several studies have
shown that NLR can predict the prognosis with neurode-
generative diseases [20–22]. -e purpose of this review is to
summarize the existing evidence on the relationship between
the NLR and MS and evaluate whether the NLR can be used
to predict outcomes for clinical management. We will also
have an in-depth understanding of the underlying patho-
physiological mechanisms, discuss the limitations of current
research, and make recommendations for future research.

2. Neutrophil-to-Lymphocyte Ratio and MS:
Looking Insight Pathophysiology

2.1. Neuroinflammation in MS. MS is a multifactorial pro-
gressive disorder characterized by multifocal demyelination
and perivascular inflammation within the CNS [23,24].
Neuroinflammation is a prominent feature of numerous
neurological disorders including MS [25]. Based on the
inflammatory nature, immune response targeted therapy is
the most widely used treatment. Neuroinflammation is a
defense mechanism that initially protects the brain by re-
moving or inhibiting diverse pathogens.-is defense against
inflammatory response can promote tissue repair and
remove cell debris. However, the presence of the persistent
neuroinflammatory response is deleterious [26].

-e intact endothelium, epithelium, and glial brain
barrier together separate the CNS from the periphery, while
in neuroinflammatory diseases, the integrality is damaged.
-e driving force of pathognomonic demyelinating lesions
of MS is an autoimmune inflammatory response. MS targets
myelin antigens of CNS, involving CD4 + and CD8 + cells,
and also, during progressiveMS, the role of B cells appears to
be prominent, particularly in the context of meningeal in-
flammation, the formation of ectopic germinal centers,
including B cells, was found in the meninges of patients with
progressive MS, indicating that the adaptive immune system
plays an important role in the pathogenesis [27].-e in-
flammatory response in MS is the cumulative effect of a
series of factors, their mediators, and effector molecules,
such as cytokines and antibodies [28]. In acute and relapsing
MS, the BBB is damaged and becomes leaky, and Tcells and
B cells invade white matter locally, resulting in typical active
demyelinating plaques [2]. Lymphocyte invasion is related to
the activity of cytokines in the CNS, while the high ex-
pression of cytokines further leads to an increase in disease
activity [9]. In addition, the inflammatory cell infiltration
composed of CD8 + T cells and B cells is mainly located in
the pia matter, which may form a complex aggregation
similar to tertiary lymphoid follicles [29]. In progressive MS,
there creates a microenvironment in the CNS, which is
conducive to the homing and retention of inflammatory
cells, and it eventually leads to the basic ineffectiveness of
disease modification therapy [30].

Experimental autoimmune encephalomyelitis (EAE) is
regarded as a relatively appropriate animal model of MS. It is
often used to study the molecular mechanisms of inflam-
mation and neurodegenerative diseases. [31]. Regulatory T

(Treg) cell function has been shown to directly influence the
ability of mice to induce EAE [32]. -e course of EAE is
characterized by the infiltration of inflammatory T cells in
the CNS [33]. EAE is mainly induced by the proliferation
and activity of CNS antigenic specificity CD4+ cells [33,34].
In the EAE model, B cells, as antigen-presenting cells, can
interact with CD4+ T cells and initiate an adaptive immune
response to produce an inflammatory effect on myelin
antigen [35].

-e initial protective inflammatory response eventually
leads to demyelination and neurodegeneration. A better
study of the inflammatory response is of great significance
for the treatment of diseases. At present, some established
biomarkers are helpful for the diagnosis and prognosis ofMS
[36]. Biomarkers of MS mainly come from the fields of
immunology and neurobiology [37]. -ese markers include
oligoclonal bands, IgG index, anti-AQP-4 antibodies, neu-
rofilaments, and chitinase-3-like-1 [36]. Finding more
sensitive inflammatory markers of MS disease is very im-
portant for early diagnosis of the disease.

2.2. Lymphocytes as Key Inflammatory Cells in MS. -e
characteristic active demyelinating lesions of the brain and
spinal cord in patients with MS are associated with in-
flammation around blood vessels and brain parenchyma cell
infiltration, which is composed of T and B cells [38]. In MS
patients, Tcells are activated in the peripheral, and then they
penetrate the CNS, trigger a central immune response, and
further self-maintenance, leading to the myelin sheath and
axon damage [39]. T cells in MS lesions express cytotoxic
effector phenotypes, mainly CD8+ effector memory T cells
(TEM), indicating local antigen stimulation [40]. Although
MS was once considered a T-cell-mediated disease, the
significant efficacy of rituximab and other similar therapies
on MS shows that B cells also play an important role in the
pathogenesis of MS [25]. Like T cells, B cells also have
proinflammatory and anti-inflammatory subsets. In re-
lapsing MS, T cells are the pathogenic cells, while B cells are
the main antigen-presenting cells. On the other hand, in
progressive MS, B cells can enhance the conditioned re-
sponse of the CNS through lymphoid follicles and secretory
factors [41]. -e intrathecal synthesis of immunoglobulin
reflects the clonal expansion of B lymphocytes and plasma
cells.

In MS patients, B and T cells interact in the periphery
and CNS to contribute to disease pathogenesis [42]. Eps-
tein–Barr virus (EBV) infection suggests a risk factor for MS
[43,44]. In MS patient secondary lymphoid organs, due to
the deficiency of B cell tolerance, EBV-infected B cells escape
the inhibition of CD8+ and T regulatory cells [45]. -ese
activated B cells enter the germinal center and interact with
follicular helper T cells to differentiate into pathogenic
memory B cells [46]. Under the influence of interferon
gamma (IFN-c) and interleukin (IL)-21, B cells develop into
memory cells, which in turn activate- effector cells such as
-17 [47]. Within the CNS, IFN-c and granulocyte-mac-
rophage colony-stimulating factor (GM-CSF) producing
T cells and memory B cells probably contact follicle-like
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structures, promoting CNS inflammation and demyelin-
ation [48]. Memory B cells further amplify and differentiate
into plasma cells of endocrine antibodies of the CNS to
secrete a large number of potentially harmful antibodies,
namely, oligoclonal bands [42].

-e interaction between B cells and Tcells is the central
feature of MS pathogenesis [49]. CD8+ T cells and CD20+
B cells dominate in the pathogenesis of all disease stages in
MS [27]. CD8+ T cells recognize the endogenous antigenic
peptides presented by MHC class I and differentiate into
cytotoxic T cells after activation [50]. In active MS lesions,
the activation of astrocytes, oligodendrocytes, and axons
gradually upregulated the expression of MHC class I,
making these cells potential targets for CD8+ T cells in the
disease course [34]. CD8+ T cells also have the charac-
teristics of memory cells resident in tissues. Next to T cells,
B cell lineage contributes to adaptive immune inflamma-
tion of MS patients [25]. In addition, B cells can produce a
variety of anti-inflammatory cytokines, such as trans-
forming growth factor-β1, IL-35, and IL-10 [51]. In the
active lesions of MS, these cells may be reactivated locally,
and B cells gradually transform into plasma cells partially.
-is can be confirmed by the discovery of clonally am-
plified B cells in cerebrospinal fluid, meninges, and brain
parenchyma of MS patients [9]. B cells can pass through the
BBB and form ectopic germinal centers in the CNS, and the
functions are independent of the periphery [52]. -is has
coincided with the observation of immunoglobulin syn-
thesis in the CNS of MS patients [34]. In vivo antigen-
activated B cells can be used as effective antigen-presenting
cells (APCs) to promote the development of MS [53].
Peripheral blood B cells can raise the secretion of numerous
inflammatory factors, such as IL-6, lymphotoxin- α (LT- α),
tumor necrosis factor (TNF), and the GM-CSF [54].
CD20+ B cells were particularly numerous in patients with
acute MS, as the main component in the early stage of the
disease [55]; in contrast, the numbers of plasma cells were
significantly higher in lesions from patients with the disease
progress [34,56]. B cells may impact MS through a variety
of mechanisms, including the establishment of ectopic
lymphoid follicles within the CNS, presentation of antigens
to T cells, cytokine/chemokine secretion, and autoantibody
production in the CNS [42]. In recent years, the essential
role of B cells for MS has been validated by successful
clinical trials that use anti-CD20 therapy to deplete B cells
[7]. B cells may be important target cells to guide the
treatment of MS.

-e interaction between B cells and T cells is an im-
portant driving factor in the pathogenesis of MS. Cytokine
production, costimulation, and antigen presentation may
contribute to the development of pathogenic B and T cells
entering the CNS [27]. -is mechanism may be affected by
the interaction between genetic and environmental risk
factors. -e major HLA-DRB1#1501 variants have been
shown to promote B cell-mediated induction of T helper
(-) cells in MS patients [57]. A number of identified
genetic risk locis, including HLA-DRB1#1501, seem to
enhance the B and - cells [57]. In addition, infectious
factors may change the function and reactivity of MS such

as EBV as mentioned previously, and several theories have
been proposed about how EBV influences MS pathogens
[58]. In MS autopsy cases, B cell infiltration was also found
around the blood vessels associated with active white
matter lesions [34]. -e role of these perivascular B cells is
to reactivate proinflammatory CD4+ and CD8+ T cells,
leading to MS inflammatory response and demyelination
[59].

However, the lymphocyte count in the peripheral blood
of MS patients may not be significantly increased [60].
Tcells, at least in the part degree of B cells, are markers of the
disease process and damage activity. -e higher the disease
activity is, the more these cells are in the tissue. However,
there are regional differences in the distribution of these cells
[30]. In the late stage of progressive MS, inflammation
composed of T and B cells may drop to the level of the age-
matched control group [38]. Some studies have also shown
that MS patients may have decreased lymphocytes in pe-
ripheral blood before treatment [61]. A part of the reason
may be the high migration rate of lymphocytes to the CNS,
which leads to the increase in the NLR ratio. Moreover, the
difference in bone marrow function and the production rate
of different immune cells in MS patients may also lead to
NLR changes in MS [52,62]. -ere is also a theory that
psychological stress caused by nervous system disorders in
MS patients may change the balance between innate im-
munity and adaptive immunity, resulting in an increase in
NLR [63].

2.3.NeutrophilAlterations inMS. Previous studies suggested
that neutrophils are simple phagocytes of the innate immune
system, but the current view is that neutrophils are im-
portant effectors and regulatory circuits that control the
quantity and quality of immune response [64]. So far, the
role of neutrophils in the pathogenesis of neuro-
inflammation has become more and more attractive [65].
Neutrophil infiltration in the CNS of MS patients may be an
early trigger factor of inflammation-causing BBB injury [66].
Neutrophils can secrete a series of cytokines that can in-
fluence MS and EAE. -ese cytokines, such as TNF-α, IL-6,
IL-12, IL-1β, and IFN-c, are considered to have contributed
to the cascade of inflammation in the CNS [67].

-e concentrations of neutrophil-activated chemokines
and neutrophil-derived enzymes in the blood of MS patients
were higher than those in control, and these molecules were
related to the formation of new inflammatory lesions, and
these included CXC chemokine ligand-1 (CXCL1), CXCL8,
and myeloperoxidase (MPO) [13]. -is cytotoxic effect may
involve the secretion of cytokines ROS and matrix metal-
loproteinase 9 (MMP9). In EAE models, neutrophils may
excite cell aggregation and migration by increasing the
permeability of the glial cell membrane [24]. In addition, in
progressive MS patients, BBB leakage is related to the in-
creased abundance and activity of MMP9 in serum and
cerebrospinal fluid (CSF). Furthermore, larger numbers of
neutrophil extracellular traps (NETs) were found in the
blood of some MS patients, supporting the role of neutro-
phils in MS pathogenesis [24].
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3. NLR and Clinical Outcome with MS: The
Evidence from Clinical Studies

3.1. �e Potential Utility of the NLR in MS. In the search of
handy accessible biomarkers available for diagnosing MS
and forecasting the disease course, several inflammation-
related blood biomarkers have been studied, such as TNFa
and IL-6, but none proved clinically helpful [74]. For a long
time, people have been seeking an inflammatory marker that
can divide MS subtypes and forecast disease activity. -e
discovery of NLR as a biomarker for several diseases can
better reflect systemic inflammation than neutrophils
or lymphocytes alone [15]. In particular, the NLR has been
studied more and more as a marker of systemic inflam-
mation, especially considering its rapid, extensive, and
relatively economic evaluation [20]. NLR is related to the
disease activity of numerous autoimmune diseases, such as
inflammatory bowel disease [75], Sjogren’s syndrome [76],
rheumatoid arthritis [77], and ankylosing spondylitis [78].
-e predictive value of NLR exceeds the neutrophil count
alone, and NLR may serve as an inexpensive and easily
available supplemental marker in MS [79].

3.2.�eNLR as a Clinical Tool in the Diagnosis and Prediction
ofMS. Demirci and colleagues were the first to explore NLR
and MS; they analyzed NLR in 102 patients with relapsing-
remitting MS (RRMS) and 56 healthy controls (HCs). NLR
values were higher in RRMS patients compared with HCs.
-is study shows that raised NLR can not only differentiate
between MS and HCs but also associate with the severity of
clinical symptoms [80] (Table 1). Several following studies
confirmed similar findings (Table 1). Another study shows
that NLR was higher in MS patients compared to HC, in-
dicating the presence of an inflammatory response (Table 1).
However, the NLR can only be used as a “supplementary”
mark and cannot be used as a diagnostic marker of MS
activity alone [79]. -e advantage of this study is that the
sample size of each stage in MS patients is large and is not
affected by other confounding factors [79].

-e study by Al Hussain investigated 60 MS patients
and 60 HCs and found higher NLR values in MS compared
with HCs. However, the confounding factor data were not
studied, so the outcome must be interpreted carefully [81]
(Table 1). Another large study by Hasselbalch et al. in-
vestigated 740 patients with early MS and 1420 HCs and
found higher NLR values in MS patients compared with
HCs. -e study predicted a critical value of 2.07 for MS
diagnostic ability [82] (Table 1). -is study has two merits:
firstly, the sample capacity of this study is large; secondly,
the patients have a blood test before taking DMT for the
first time, so it has no effect on the drug. Another study
shows that high NLRs may contribute to the worsened
outcomes reported in MS patients [83] -e study by Akil
et al. investigated the levels of RRMS patients and NLR
levels and showed that the NLR was significantly higher in
the RRMS group than in the HCs [84], while there was no
relevance between the disease duration, EDSS score, and
MRI lesion [84] (Table 1).

-e disease activity of MS is characterized by clinical
recurrence, new T2 lesions, or GD enhanced lesions. In
addition, NLR appears to be able to forecast the demand for
remedies promoting the DMTfrom first-line to second-line,
so NLR can be deemed as a substitutable indicator of disease
activity. -e studies on NLR and disease activity mostly do
not include the patients with DMTwithin 6 months to avoid
impact on results. D’Amico et al. found that higher NLR
raised the risk of disease activity but did not include data on
concomitant diseases or smoking conditions that may affect
cell counts. So, the conclusions must be explained carefully
[85] (Table 1). Hemond et al. found that NLR was closely
associated with increased disability, which was assessed by
the expanded disability status scale (EDSS), hence dis-
tinguishing the course of progressive and recurrent diseases.
-is study indicates that the increase in NLR reflects the
supplementary and independent marker of MS-related
neurological dysfunction and the severity of MRI results
[83]. A retrospective study by Guzel et al. found NLR levels
to be higher in MS patients with EDSS ≥5 compared with
EDSS <5. NLR value may have the ability to distinguish
adverse clinical results, with a cut-off value of 4.52. However,
the difference in the use of DMT between the two groups
makes the conclusion not universal [86] (Table 1). Due to the
different action mechanism of DMT in the treatment of MS,
some DMTs are more easily to lead to lymphopenia, lym-
phocytosis, and neutropenia. -erefore, the impact of MDT
on the results must be considered. Yetkin and Mirza discuss
the NLR in 270 MS patients with treatment näıve relapsing
onset and suggest that baseline NLR in primary MS may be
conducive to the risk group stratification and the choice of
disease-modifying therapies [87] (Table 1). A new study by
Gelibter confirms the role of NLR in a cohort of newly
diagnosed MS and clinically isolated syndrome (CIS) pa-
tients, and the results do not support the NLR as a biomarker
of disease activity and disability in patients with MS [88]
(Table 1).

Due to the close relationship between the immune system
and the pathophysiology ofMS, the parameters that can reflect
the inflammatory response may be related to the disease
process. Obviously, the specificity of NLR is not enough as the
final definitive diagnostic instrument of MS. However, it has
certain sensitivity and can play a role as a screening tool, which
can be used to stratify patients before more invasive or ex-
pensive inspection means. Moreover, it can also guide drug
selection. -erefore, in order to become a successful screening
tool, its sensitivity should be further improved. It may be
reasonable to adopt different cut-off values or choose to
combine them with other validated biomarkers.

3.3. Limitation. -ere are many uncertainties in the as-
sessment of NLR as a prognostic marker and an efficacy
predication for MS. -e conclusion of clinical research may
overevaluate the relevance and effect and clinical relation-
ship between NLR and MS to a certain extent because the
influence of confounding factors is unavoidable. In addition,
since NLR is a dynamic index, most of the samples in the
study were conducted at the time of admission, which may
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Table 1: Studies investigating the neutrophil-to-lymphocyte ratio NLR in patients with MS.

Study Study design MS HC
NLR
cut-
off

Sensitivity
(%)

Specificity
(%) Findings/conclusions Confounders

addresseda
Strengths and/or

limitations

Demirci,
2016 Case control 102 56 2.04 81 62.5

NLR values were
higher in MS

compared with HC,
and patients in relapse
had higher NLR values
than HC and patients
in remission. Patients
in remission had
higher NLR values
than HC. High NLR
was an independent
predictor of disability

progression with
EDSS >3 as the
response variable.

DMT
Smoking
Conc. Dis.

All patients were
nonsmokers and
untreated for at
least six months
prior to inclusion.
However, no data
on BMI were
provided.

Guzel, 2016 Retrospective
cross-sectional 127 — 4.52 96.1 57.1

NLR values were
higher in patients with
EDSS >5 compared
with patients with
EDSS ≤5. -e EDSS
score had a weak to
moderate correlation

with NLR.

DMT
Conc. Dis.

-e use of DMTs
differed between
the two EDSS
stratified groups
and they did not
include data on
BMI, smoking, or
relapse status.

Bisgaard,
2017 Case control

219
and
CIS:
19,
ON:
140

813 — — —

NLR values were
higher in MS

compared with HC,
and higher in patients

in relapse than
remission. NLR values
did not predict an
EDSS score ≥4.0.

DMT
Smoking
Conc. Dis.

-e advantage of
this study is that
the sample size of
each stage in MS
patients is large
and is not affected

by other
confounding

factors.

Al-
Hussain,2017 Case control 60 60 — — —

NLR values were
higher in MS

compared with HC.
NLR values were

correlated with stress
scores.

Did not report
any data on
confounding

factors and these
results should be

interpreted
carefully.

Hasselbalch,
2018 Case control 740 1420 2.07 49 70

NLR values were
higher in MS

compared with HC.
NLR values correlated
weakly with MSSS.

DMT
BMI

Smoking

-e sample
capacity of this
study is large;

the patients have
a blood test before
taking DMT for
the first time, so it
has no effect on

the drug.
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Table 1: Continued.

Study Study design MS HC
NLR
cut-
off

Sensitivity
(%)

Specificity
(%) Findings/conclusions Confounders

addresseda
Strengths and/or

limitations

D’Amico E,
2019

Retrospective,
observational 84 — — — —

NLR values were
higher in the “low

disease activity” group
compared with the

“high activity group.”
High activity was
defined as (≥ 2

relapses in the year
prior to study entry
and (≥ 1 gadolinium-
enhancing lesion at
the time of the study.
No associations were
observed between
NLR values and

patient characteristics
(gender, age, and
EDSS at onset).

DMT
Conc. Dis.

-e sample size is
small.

No data regarding
concomitant
diseases that
could alter the
neutrophil count
or other data such
as smoking status.

Hemond,
2019

Cohort study,
retrospective

analysis
483 — 2.1 — —

NLR values were
higher for MS patients
on cyclophosphamide

and fingolimod
treatment and

significantly lower
when treated with
interferons and
natalizumab.

Higher NLR values
were associated with

increased EDSS
scores, and PMS was
compared with RRMS.
Increased NLR values
were associated with
higher depression
(CES-D) scores,

higher fatigue scores
(MFIS), and lower

physical quality of life
(SF-36).

DMT
BMI

Smoking

-is study
includes a large

and well-
characterized
sample of MS

patients,
including self-

reported
psychological
outcome

measures, specific
DMT use, and
quantitative
neuroimaging
pathology,

while the results
are of an

associative nature
only, and thus no

conclusions
should be drawn

regarding
causality.

Goldman D,
2020

Retrospective,
observational 103 — 2.0 — —

At baseline, the NLR
values were 2.5± 1.9

for all included
patients. Over 50% of
MS patients had high
NLR (defined as NLR

>2).
In the follow-up

samples, after starting
treatment with

dimethyl fumarate,
the NLR values were

3.6± 2.5.

DMT
BMI

Conc. Dis.

-is study
considered
dimethyl
fumarate-
associated

neutropenia.
-e limitations of
this study reflect
its retrospective

nature.
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be single-faceted to a certain degree. Because the presence of
symptomatic MRI positive lesions may affect the NRL level,
imaging data should be included in the study analysis, while
most studies lack MRI MRI-related disease outcomes.
Undoubtedly, further polycentric, large sample, forward-
looking, standardization studies are needed to identify the
comprehensive mechanisms and association between the
NLR and MS.

4. Conclusions

Overall, comprehending whether changes in peripheral
inflammation can affect disease progression may be helpful
to obtain a better understanding of the latent pathophysi-
ology of MS. Furthermore, large prospective studies are
needed to investigate the correlation between NLR and MS
disease progression. Moreover, MS is a tardy progressive

Table 1: Continued.

Study Study design MS HC
NLR
cut-
off

Sensitivity
(%)

Specificity
(%) Findings/conclusions Confounders

addresseda
Strengths and/or

limitations

Yetkin
MF,2020

Cohort study,
retrospective
Analysis

270 — 2.365 56.94 60.1

NLR values were
higher in MS patients

who had
breakthrough disease
activity, defined as the

escalation group
(median (min-max):

2.5 (0.1–13.8))
compared with the
nonescalation group
(median (min-max):

2.1 (0.6–12.8)).

DMT
Smoking
Cont. Dis.

-e strengths of
this study are the

number of
subjects and long-
term follow-up,
while not having

detailed
information
about the

comorbid status
and lifestyle of the

patients.

Gelibter,
2021

Cohort study,
retrospective

analysis
121 — — — —

Association was found
neither between NLR
and disease activity

nor with other clinical
measures.

DMT
BMI

Smoking

-is study
compared the
validity of NLR
with established
markers, such as

serum
neurofilament
light chain (nf).
CSF microvesicles
(CSF-MVs) and
CSF IgG indices.
-e NLR was also
investigated in
relation to the
brain and spinal

cord MRI
findings.

Akil, Alp,
2021 Case- control 83 44 — — —

-e NLR levels were
found to be

significantly higher in
the patient group than
in the HC group.
-ere was also a

significant difference
between the serum
NLR levels of the
relapse and HC.

Smoking

-e NLR levels of
the RRMS

patients were
measured while in
relapse, 1 month
after relapse, and

while in
remission.

Moreover, the
patients were

grouped based on
the lesion burden

of MRI,
while the sample
size was limited.

Abbreviations: HC: healthy control, MS: multiple sclerosis, MSSS: multiple sclerosis severity scale, NLR: neutrophil-to-lymphocyte ratio, ON: optic neuritis,
PMS: progressive MS, RRMS: relapse-remitting MS, SF-36: short form 36, and EDSS: expanded disability status scale. Articles were screened for following
confounders: smoking history, BMI, information on disease-modifying therapy (DMT), and concomitant diseases (Conc. Dis.).
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disease, and it entails longer follow-up which may be nec-
essary to accurately assess the utility of a biological marker in
detecting its onset and determining its severity, including
NLR. Also, assessing the changes in the ratios between
specific subtypes of neutrophils and lymphocytes could offer
a higher sensitivity and/or specificity marker of MS severity
and disease progression. -is study we summarize existing
evidence on the relationship between the NLR and MS and
evaluate whether the NLR can be used to predict outcomes
and as an effective biomarker for clinical management. We
provide insights into the underlying pathophysiological
mechanisms and discuss the limitations of the current
studies to make recommendations for future research.
Further prospective studies are needed to investigate the
relationship between NLR and MS. Despite the complexity
of neuroinflammation and the lack of existing research,
regulating the levels of lymphocytes and neutrophils and
related signal pathways may provide clinical interventions
for MS.

Data Availability

-e data information is placed in the supplementary files.

Conflicts of Interest

-e authors declare that they have no conflicts of interest.

Authors’ Contributions

Qingqing Zhou and Rui Jia conceived the idea, outlined the
paper, and wrote the initial draft of the manuscript. Jingxia
Dang revised, edited, and finalized the manuscript.

Acknowledgments

-e authors would like to thank the subjects for their
participation in the study. -e Key Research and Devel-
opment Program of Shaanxi (no. 2020SF-089) supported
this study.

References

[1] B. J. Kaskow and C. Baecher-Allan, “Effector T cells in
multiple sclerosis,” Cold Spring Harbor Perspectives in Med-
icine, vol. 8, no. 4, Article ID a029025, 2018.

[2] B.Hemmer,M.Kerschensteiner, andT. Korn, “Role of the innate
and adaptive immune responses in the course of multiple
sclerosis,”�eLancet Neurology, vol. 14, no. 4, pp. 406–419, 2015.

[3] M. Absinta, H. Lassmann, and B. D. Trapp, “Mechanisms
underlying progression in multiple sclerosis,” Current
Opinion in Neurology, vol. 33, no. 3, pp. 277–285, 2020.

[4] D. S. Reich, C. F. Lucchinetti, and P. A. Calabresi, “Multiple
sclerosis,” New England Journal of Medicine, vol. 378, no. 2,
pp. 169–180, 2018.

[5] T. Olsson, L. F. Barcellos, and L. Alfredsson, “Interactions
between genetic, lifestyle and environmental risk factors for
multiple sclerosis,” Nature Reviews Neurology, vol. 13, no. 1,
pp. 25–36, 2017.

[6] -e International Multiple Sclerosis Genetics Consortium &
-e Wellcome Trust Case Control Consortium 2, “Genetic

risk and a primary role for cell-mediated immune mecha-
nisms in multiple sclerosis,” Nature, vol. 476, no. 7359,
pp. 214–219, 2011.

[7] E. D’Amico, A. Zanghi, M. Gastaldi, F. Patti, M. Zappia, and
D. Franciotta, “Placing CD20-targeted B cell depletion in
multiple sclerosis therapeutic scenario: present and future
perspectives,” Autoimmunity Reviews, vol. 18, no. 7,
pp. 665–672, 2019.

[8] M. T. Cencioni, M. Mattoscio, R. Magliozzi, A. Bar-Or, and
P. A. Muraro, “B cells in multiple sclerosis—from targeted
depletion to immune reconstitution therapies,” Nature Re-
views Neurology, vol. 17, no. 7, pp. 399–414, 2021.

[9] G. Comi, A. Bar-Or, H. Lassmann et al., “Role of B Cells in
multiple sclerosis and related disorders,” Annals of Neurology,
vol. 89, no. 1, pp. 13–23, 2021.

[10] S. Faissner, J. R. Plemel, R. Gold, and V. W. Yong, “Pro-
gressive multiple sclerosis: from pathophysiology to thera-
peutic strategies,” Nature Reviews Drug Discovery, vol. 18,
no. 12, pp. 905–922, 2019.

[11] K. Suzuki, “Chronic inflammation as an immunological ab-
normality and effectiveness of exercise,” Biomolecules, vol. 9,
no. 6, p. 223, 2019.

[12] E. Mortaz, S. D. Alipoor, I. M. Adcock, S. Mumby, and
L. Koenderman, “Update on neutrophil function in severe
inflammation,” Frontiers in Immunology, vol. 9, p. 2171, 2018.

[13] J. M. Rumble, A. K. Huber, G. Krishnamoorthy et al., “Neu-
trophil-related factors as biomarkers in EAE and MS,” Journal
of Experimental Medicine, vol. 212, no. 1, pp. 23–35, 2015.

[14] B. Rossi, B. Santos-Lima, E. Terrabuio, E. Zenaro, and
G. Constantin, “Common peripheral immunity mechanisms
in multiple sclerosis and alzheimer’s disease,” Frontiers in
Immunology, vol. 12, Article ID 639369, 2021.

[15] A. B. Petrone, R. D. Eisenman, K. N. Steele, L. T. Mosmiller,
O. Urhie, and M. J. Zdilla, “Temporal dynamics of peripheral
neutrophil and lymphocytes following acute ischemic stroke,”
Neurological Sciences, vol. 40, no. 9, pp. 1877–1885, 2019.

[16] L. Cai, H. Zeng, X. Tan, X. Wu, C. Qian, and G. Chen, “-e
role of the blood neutrophil-to-lymphocyte ratio in aneu-
rysmal subarachnoid hemorrhage,” Frontiers in Neurology,
vol. 12, Article ID 671098, 2021.

[17] N. H. Adamstein, J. G. MacFadyen, L. M. Rose et al., “-e
neutrophil-lymphocyte ratio and incident atherosclerotic
events: analyses from five contemporary randomized trials,”
European Heart Journal, vol. 42, no. 9, pp. 896–903, 2021.

[18] R. M. O’Connell, M. R. Boland, J. O’Driscoll et al., “Red cell
distribution width and neutrophil to lymphocyte ratio as
predictors of outcomes in acute pancreatitis: a retrospective
cohort study,” International Journal of Surgery, vol. 55,
pp. 124–127, 2018.

[19] M. A. Cupp, M. Cariolou, I. Tzoulaki, D. Aune, E. Evangelou,
and A. J. Berlanga-Taylor, “Neutrophil to lymphocyte ratio
and cancer prognosis: an umbrella review of systematic re-
views and meta-analyses of observational studies,” BMC
Medicine, vol. 18, no. 1, p. 360, 2020.

[20] A. Sayed, E. I. Bahbah, S. Kamel, G. E. Barreto, G.M. Ashraf, and
M. Elfil, “-e neutrophil-to-lymphocyte ratio in Alzheimer’s
disease: current understanding and potential applications,”
Journal of Neuroimmunology, vol. 349, Article ID 577398, 2020.

[21] L. Zhang, B. Cao, Y. Hou et al., “High neutrophil-to-lym-
phocyte ratio predicts short survival in multiple system at-
rophy,” NPJ Parkinsons Disease, vol. 8, no. 1, p. 11, 2022.

[22] H. F. Shang, Q. Q. Wei, Y. B. Hou et al., “Neutrophil-to-
lymphocyte ratio in sporadic amyotrophic lateral sclerosis,”
Neural Regen Res, vol. 17, no. 4, pp. 875–880, 2022.

8 Neurology Research International



[23] J. Correale, M. I. Gaitan, M. C. Ysrraelit, and M. P. Fiol,
“Progressive multiple sclerosis: from pathogenic mechanisms
to treatment,” Brain, vol. 140, no. 3, pp. 527–546, 2017.

[24] A.Manda-Handzlik andU. Demkow, “-e brain entangled: the
contribution of neutrophil extracellular traps to the diseases of
the central nervous system,” Cells, vol. 8, no. 12, p. 1477, 2019.

[25] R. Chunder, V. Schropp, and S. Kuerten, “B cells in multiple
sclerosis and virus-induced neuroinflammation,” Frontiers in
Neurology, vol. 11, Article ID 591894, 2020.

[26] H. Konishi and H. Kiyama, “Microglial TREM2/DAP12
signaling: a double-edged sword in neural diseases,” Frontiers
in Cellular Neuroscience, vol. 12, p. 206, 2018.

[27] C. Baecher-Allan, B. J. Kaskow, and H. L. Weiner, “Multiple
sclerosis: mechanisms and immunotherapy,” Neuron, vol. 97,
no. 4, pp. 742–768, 2018.

[28] C. A. Dendrou, L. Fugger, and M. A. Friese, “Immunopa-
thology of multiple sclerosis,” Nature Reviews Immunology,
vol. 15, no. 9, pp. 545–558, 2015.

[29] S. R. Choi, O. W. Howell, D. Carassiti et al., “Meningeal
inflammation plays a role in the pathology of primary pro-
gressive multiple sclerosis,” Brain, vol. 135, no. 10,
pp. 2925–2937, 2012.

[30] J. M. Frischer, S. Bramow, A. Dal-Bianco et al., “-e relation
between inflammation and neurodegeneration in multiple
sclerosis brains,” Brain, vol. 132, no. 5, pp. 1175–1189, 2009.

[31] A. Ben-Nun, H.Wekerle, and I. R. Cohen, “-e rapid isolation
of clonable antigen-specific T lymphocyte lines capable of
mediating autoimmune encephalomyelitis,” European Journal
of Immunology, vol. 11, no. 3, pp. 195–199, 1981.

[32] S. Read, V. Malmstrom, and F. Powrie, “Cytotoxic
T lymphocyte-associated antigen 4 plays an essential role in
the function of CD25(+)CD4(+) regulatory cells that control
intestinal inflammation,” Journal of Experimental Medicine,
vol. 192, no. 2, pp. 295–302, 2000.

[33] N. Berghmans, C. Dillen, and H. Heremans, “Exogenous IL-
12 suppresses experimental autoimmune encephalomyelitis
(EAE) by tuning IL-10 and IL-5 levels in an IFN-gamma-
dependent way,” Journal of Neuroimmunology, vol. 176, no. 1-
2, pp. 63–75, 2006.

[34] J. Machado-Santos, E. Saji, A. R. Troscher et al., “-e com-
partmentalized inflammatory response in the multiple scle-
rosis brain is composed of tissue-resident CD8+
T lymphocytes and B cells,” Brain, vol. 141, no. 7,
pp. 2066–2082, 2018.

[35] C. R. Parker Harp, A. S. Archambault, J. Sim, M. J. Shlomchik,
J. H. Russell, and G. F. Wu, “B cells are capable of inde-
pendently eliciting rapid reactivation of encephalitogenic
CD4 T cells in a murine model of multiple sclerosis,” PLoS
One, vol. 13, no. 6, Article ID e0199694, 2018.

[36] T. Ziemssen, K. Akgun, andW. Bruck, “Molecular biomarkers
in multiple sclerosis,” Journal of Neuroinflammation, vol. 16,
no. 1, p. 272, 2019.

[37] V. K. Harris, J. F. Tuddenham, and S. A. Sadiq, “Biomarkers of
multiple sclerosis: current findings,” Degenerative Neurolog-
ical and Neuromuscular Disease, vol. 7, pp. 19–29, 2017.

[38] S. Fischer, U. Proschmann, K. Akgun, and T. Ziemssen,
“Lymphocyte counts and multiple sclerosis therapeutics:
between mechanisms of action and treatment-limiting side
effects,” Cells, vol. 10, no. 11, p. 3177, 2021.

[39] R. Balasa, L. Barcutean, O. Mosora, and D. Manu, “Reviewing
the significance of blood-brain barrier disruption in multiple
sclerosis pathology and treatment,” International Journal of
Molecular Sciences, vol. 22, no. 16, p. 8370, 2021.

[40] G. P. van Nierop, M. M. van Luijn, S. S. Michels et al.,
“Phenotypic and functional characterization of Tcells in white
matter lesions of multiple sclerosis patients,” Acta Neuro-
pathologica, vol. 134, no. 3, pp. 383–401, 2017.

[41] A. L. Greenfield and S. L. Hauser, “B-Cell therapy for multiple
sclerosis: entering an era,” Annals of Neurology, vol. 83, no. 1,
pp. 13–26, 2018.

[42] J. van Langelaar, L. Rijvers, J. Smolders, and M. M. van Luijn,
“B and T Cells driving multiple sclerosis: identity, mecha-
nisms and potential triggers,” Frontiers in Immunology,
vol. 11, p. 760, 2020.

[43] W. H. Robinson and L. Steinman, “Epstein-Barr virus and
multiple sclerosis,” Science, vol. 375, no. 6578, pp. 264-265,
2022.

[44] T. V. Lanz, R. C. Brewer, P. P. Ho et al., “Clonally expanded
B cells in multiple sclerosis bind EBV EBNA1 and GlialCAM,”
Nature, vol. 603, no. 7900, pp. 321–327, 2022.

[45] L. M. Sollid, “Epstein-Barr virus as a driver of multiple
sclerosis,” Sci Immunol, vol. 7, no. 70, Article ID eabo7799,
2022.

[46] M. I. Yuseff and A. M. Lennon-Duménil, “B cells use con-
served polarity cues to regulate their antigen processing and
presentation functions,” Frontiers in Immunology, vol. 6,
p. 251, 2015.

[47] S. W. Jackson, H. M. Jacobs, T. Arkatkar et al., “B cell IFN-
gamma receptor signaling promotes autoimmune germinal
centers via cell-intrinsic induction of BCL-6,” Journal of
Experimental Medicine, vol. 213, no. 5, pp. 733–750, 2016.

[48] J. van Langelaar, R. M. van der Vuurst de Vries, M. Janssen
et al., “T helper 17.1 cells associate with multiple sclerosis
disease activity: perspectives for early intervention,” Brain,
vol. 141, no. 5, pp. 1334–1349, 2018.

[49] R. Li, K. R. Patterson, and A. Bar-Or, “Reassessing B cell
contributions in multiple sclerosis,” Nature Immunology,
vol. 19, no. 7, pp. 696–707, 2018.

[50] M. Salou, B. Nicol, A. Garcia, and D. A. Laplaud, “Involve-
ment of CD8(+) T cells in multiple sclerosis,” Frontiers in
Immunology, vol. 6, p. 604, 2015.

[51] B. M. Arneth, “Impact of B cells to the pathophysiology of
multiple sclerosis,” Journal of Neuroinflammation, vol. 16,
no. 1, p. 128, 2019.

[52] R. C. Selter, V. Biberacher, V. Grummel et al., “Natalizumab
treatment decreases serum IgM and IgG levels in multiple
sclerosis patients,” Multiple Sclerosis, vol. 19, no. 11,
pp. 1454–1461, 2013.

[53] C. H. Polman, S. C. Reingold, B. Banwell et al., “Diagnostic
criteria for multiple sclerosis: 2010 revisions to the McDonald
criteria,” Annals of Neurology, vol. 69, no. 2, pp. 292–302,
2011.

[54] M. Seifert, M. Przekopowitz, S. Taudien et al., “Functional
capacities of human IgM memory B cells in early inflam-
matory responses and secondary germinal center reactions,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 112, no. 6, pp. E546–E555, 2015.

[55] F. Sellebjerg, M. Blinkenberg, and P. S. Sorensen, “Anti-CD20
monoclonal antibodies for relapsing and progressive multiple
sclerosis,” CNS Drugs, vol. 34, no. 3, pp. 269–280, 2020.

[56] V. Yilmaz, C. Ulusoy, S. Hajtovic et al., “Effects of teri-
flunomide on B cell subsets in MuSK-induced experimental
autoimmune myasthenia gravis and multiple sclerosis,” Im-
munological Investigations, vol. 50, no. 6, pp. 671–684, 2021.

[57] R. Bove, A. S. Chua, Z. Xia, L. Chibnik, P. L. De Jager, and
T. Chitnis, “Complex relation of HLA-DRB1∗ 1501, age at

Neurology Research International 9



menarche, and age at multiple sclerosis onset,” Neurology
Genetics, vol. 2, no. 4, p. e88, 2016.

[58] A. Bar-Or,M. P. Pender, R. Khanna et al., “Epstein-barr virus in
multiple sclerosis: theory and emerging immunotherapies,”
Trends in Molecular Medicine, vol. 26, no. 3, pp. 296–310, 2020.

[59] J. van Langelaar, L. Rijvers, M. Janssen et al., “Induction of
brain-infiltrating T-bet-expressing B cells in multiple scle-
rosis,” Annals of Neurology, vol. 86, no. 2, pp. 264–278, 2019.

[60] T. Akaishi, T. Misu, K. Fujihara et al., “White blood cell count
profiles in multiple sclerosis during attacks before the initi-
ation of acute and chronic treatments,” Scientific Reports,
vol. 11, no. 1, Article ID 22357, 2021.

[61] Z.W. Lim, E. Elwood, H. Naveed, and I. Galea, “Lymphopenia
in treatment-naive relapsing multiple sclerosis: table,” Neu-
rology Neuroimmunology & Neuroinflammation, vol. 3, no. 5,
p. e275, 2016.

[62] M. T. Cencioni, A. Genchi, G. Brittain et al., “Immune re-
constitution following autologous hematopoietic stem cell
transplantation for multiple sclerosis: a review on behalf of the
ebmt autoimmune diseases working party,” Frontiers in
Immunology, vol. 12, Article ID 813957, 2021.

[63] E. Aydin Sunbul, M. Sunbul, O. Yanartas et al., “Increased
neutrophil/lymphocyte ratio in patients with depression is
correlated with the severity of depression and cardiovascular risk
factors,” Psychiatry Investig, vol. 13, no. 1, pp. 121–126, 2016.

[64] B. Rossi, G. Constantin, and E. Zenaro, “-e emerging role of
neutrophils in neurodegeneration,” Immunobiology, vol. 225,
no. 1, Article ID 151865, 2020.

[65] E. R. Pierson, C. A. Wagner, and J. M. Goverman, “-e
contribution of neutrophils to CNS autoimmunity,” Clinical
Immunology, vol. 189, pp. 23–28, 2018.

[66] M. De Bondt, N. Hellings, G. Opdenakker, and S. Struyf,
“Neutrophils: underestimated players in the pathogenesis of
multiple sclerosis (MS),” International Journal of Molecular
Sciences, vol. 21, no. 12, Article ID E4558, 2020.

[67] S. A. Levesque, A. Pare, B. Mailhot et al., “Myeloid cell
transmigration across the CNS vasculature triggers IL-
1β–driven neuroinflammation during autoimmune enceph-
alomyelitis in mice,” Journal of Experimental Medicine,
vol. 213, no. 6, pp. 929–949, 2016.

[68] F. Chu, M. Shi, C. Zheng et al., “-e roles of macrophages and
microglia in multiple sclerosis and experimental autoimmune
encephalomyelitis,” Journal of Neuroimmunology, vol. 318,
pp. 1–7, 2018.

[69] D. Chabas, J. Ness, A. Belman et al., “Younger children with
MS have a distinct CSF inflammatory profile at disease onset,”
Neurology, vol. 74, no. 5, pp. 399–405, 2010.

[70] J. J. Grist, B. S. Marro, D. D. Skinner et al., “Induced CNS
expression of CXCL1 augments neurologic disease in a
murine model of multiple sclerosis via enhanced neutrophil
recruitment,” European Journal of Immunology, vol. 48, no. 7,
pp. 1199–1210, 2018.

[71] L. Hertwig, F. Pache, S. Romero-Suarez et al., “Distinct
functionality of neutrophils in multiple sclerosis and neu-
romyelitis optica,” Multiple Sclerosis, vol. 22, no. 2,
pp. 160–173, 2016.

[72] X. Fu, H. Liu, G. Huang, and S. S. Dai, “-e emerging role of
neutrophils in autoimmune-associated disorders: effector,
predictor, and therapeutic targets,” Med Communications,
vol. 2, no. 3, pp. 402–413, 2021.

[73] M. Naegele, K. Tillack, S. Reinhardt, S. Schippling, R. Martin,
and M. Sospedra, “Neutrophils in multiple sclerosis are
characterized by a primed phenotype,” Journal of Neuro-
immunology, vol. 242, no. 2, pp. 60–71, 2012.

[74] A. Vladic, G. Horvat, S. Vukadin, Z. Sucic, and S. Simaga,
“Cerebrospinal fluid and serum protein levels of tumour
necrosis factor-alpha (TNF-alpha) interleukin-6 (IL-6) and
soluble interleukin-6 receptor (sIL-6R gp80) in multiple
sclerosis patients,” Cytokine, vol. 20, no. 2, pp. 86–89, 2002.

[75] B. O. Langley, S. E. Guedry, J. Z. Goldenberg, D. A. Hanes,
J. A. Beardsley, and J. J. Ryan, “Inflammatory bowel disease and
neutrophil-lymphocyte ratio: a systematic scoping review,”
Journal of Clinical Medicine, vol. 10, no. 18, p. 4219, 2021.

[76] K. Zhang, W. Li, C. He, X. He, and J. Hou, “-e ratio of
neutrophil to lymphocyte predicts interstitial lung disease and
its prognosis in patients with primary Sjogren’s syndrome: a
retrospective analysis,” Annals of Palliative Medicine, vol. 10,
no. 6, pp. 6493–6501, 2021.

[77] Z. Jin, G. Cai, P. Zhang et al., “-e value of the neutrophil-to-
lymphocyte ratio and platelet-to-lymphocyte ratio as com-
plementary diagnostic tools in the diagnosis of rheumatoid
arthritis: a multicenter retrospective study,” Journal of Clinical
Laboratory Analysis, vol. 35, no. 1, Article ID e23569, 2021.

[78] N. Khorrampazhouh, A. Omranzadeh, B. Fazeli et al., “A sys-
tematic review and meta-analysis of clinical studies on anky-
losing spondylitis and neutrophil to lymphocyte ratio,” Current
Rheumatology Reviews, vol. 18, no. 2, pp. 160–167, 2022.

[79] A. K. Bisgaard, G. Pihl-Jensen, and J. L. Frederiksen, “-e
neutrophil-to-lymphocyte ratio as disease actvity marker in
multiple sclerosis and optic neuritis,” Multiple Sclerosis and
Related Disorders, vol. 18, pp. 213–217, 2017.

[80] S. Demirci, S. Demirci, S. Kutluhan, H. R. Koyuncuoglu, and
V. A. Yurekli, “-e clinical significance of the neutrophil-to-
lymphocyte ratio in multiple sclerosis,” International Journal
of Neuroscience, vol. 126, no. 8, pp. 700–706, 2016.

[81] F. Al-Hussain, M. M. Alfallaj, A. N. Alahmari et al., “Rela-
tionship between neutrophil-to-lymphocyte ratio and stress
in multiple sclerosis patients,” Journal of Clinical and Diag-
nostic Research, vol. 11, no. 5, pp. CC01–CC04, 2017.

[82] I. C. Hasselbalch, H. B. Sondergaard, N. Koch-Henriksen et al.,
“-e neutrophil-to-lymphocyte ratio is associated withmultiple
sclerosis,” Multiple Sclerosis Journal—Experimental, Transla-
tional and Clinical, vol. 4, Article ID 205521731881318, 2018.

[83] C. C. Hemond, B. I. Glanz, R. Bakshi, T. Chitnis, and
B. C. Healy, “-e neutrophil-to-lymphocyte and monocyte-
to-lymphocyte ratios are independently associated with
neurological disability and brain atrophy in multiple scle-
rosis,” BMC Neurology, vol. 19, no. 1, p. 23, 2019.

[84] E. Akil, R. Alp, M. U. Aluclu, A. Acar, and I. Kaplan, “Serum
endocan levels in multiple sclerosis relapse and remission,”
European Review for Medical and Pharmacological Sciences,
vol. 25, no. 11, pp. 4091–4098, 2021.

[85] E. D’Amico, A. Zanghi, A. Romano, Sciandra, Palumbo, and
Patti, “-e neutrophil-to-lymphocyte ratio is related to dis-
ease activity in relapsing remitting multiple sclerosis,” Cells,
vol. 8, no. 10, p. 1114, 2019.

[86] I. Guzel, S. Mungan, Z. N. Oztekin, and F. Ak, “Is there an
association between the Expanded Disability Status Scale and
inflammatory markers in multiple sclerosis?” Journal of the
Chinese Medical Association, vol. 79, no. 2, pp. 54–57, 2016.

[87] M. F. Yetkin and M. Mirza, “Neutrophil to-lymphocyte ratio
as a possible predictor of prognosis in recently diagnosed
multiple sclerosis patients,” Journal of Neuroimmunology,
vol. 346, Article ID 577307, 2020.

[88] S. Gelibter, M. Pisa, T. Croese et al., “Neutrophil-to-lym-
phocyte ratio: a marker of neuro-inflammation in multiple
sclerosis?” Journal of Neurology, vol. 268, no. 2, pp. 717–723,
2021.

10 Neurology Research International


