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Abstract
Objective: Multiple sclerosis (MS) is a condition involving central nervous system invasion by immune-inflammatory cells. In this study, we investigated whether
the systemic immune-inflammation index (SII) could predict disability cross-sectionally as a novel and useful tool in patients with MS.
Materials and Methods: We retrospectively reviewed the medical records of 148 patients with MS and 84 healthy controls and gathered the relevant clinicallaboratory data. SII in the remission period was calculated using the equation (SII: Platelet count x neutrophil count/lymphocyte count). The odds ratio of each
immune formulation index was calculated by logistic regression analysis. In addition, the cut-off value, sensitivity and specificity of SII were calculated using
receiver operating characteristics curve analysis.
Results: Age and sex characteristics were similar in the groups (p>0.05). All values obtained through complete blood counts were significantly lower in the
patient group (p<0.05). It was seen that the Expanded Disability Status scale (EDSS) was particularly correlated with the neutrophil-lymphocyte ratio and SII
(p=0.013, 0.037 rho: 0.225, 0.192, respectively). In addition, we found that SII [ExpB: 0.015, 95% confidence interval: (0.999-1.003); p<0.001] was associated
with disease disability in the MS groups formed according to EDSS. Furthermore, the cut-off value for SII was 254.51 x103/ul with 37% specificity and 95.5%
sensitivity.
Conclusion: A high SII may be a promising prognostic marker that is an easily available, inexpensive, and effective tool for predicting the disease disability in
MS. Future studies with a larger number of patients may confirm our results.
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Öz
Amaç: Multipl skleroz (MS) hastalığı doğuştan gelen ve kazanılmış immün sistem disfonksiyonunun özürlülük artışına yol açtığı santral sinir sistemi istilası
durumudur. Biz bu çalışmada, MS hastalarında yeni ve kullanışlı bir araç olarak sistemik immün-enflamasyon indeksinin (SII) kesitsel olarak disabiliteyi tahmin
edip edemeyeceğini araştırdık.
Gereç ve Yöntem: Yüz kırk sekiz MS hastasının tıbbi kayıtlarını retrospektif olarak inceledik ve klinik-laboratuvar verilerini elde ettik. Atak dışı dönemdeki
SII, (SII: Trombosit sayısı x nötrofil sayısı/lenfosit sayısı) denklemi ile hesaplandı. Elde edilen hemogram parametreleri sağlıklı kontrol grubu ile karşılaştırıldı.
Expanded Disability Status scale (EDSS) >3 ve EDSS <3 olarak oluşturan gruplarda lojistik regresyon analizi ile immün parametrelerin olasılık oranları hesaplandı.
Ayrıca SII’nın eşik değeri, duyarlılık ve özgüllükleri alıcı işletim karakteristiği analizi ile elde edildi.
Bulgular: Hastaların ortanca yaşı 39, kontrol grubunun 36 olup kadın erkek oranı gruplar arasında benzerdi (p>0,05). Hasta grubunda trombosit, nötrofil ve
monositin lenfosite oranlanması ile edilen tüm değerler anlamlı düşüktü (p<0,05). EDSS’nin özellikle nötrofil-lenfosit oranı ve SII ile korele olduğu görüldü
(p=0,013, 0,037 rho: 0,225, 0,192). Ayrıca EDSS’ye göre oluşturulan MS gruplarında SII’nin (p=0,000 ExpB: 0,015, güven aralığı: %95 0,999-1,003) hastalık
disabilitesi ile ilişkili olduğunu saptadık. Ayrıca SII için cut-off değeri %37 spesifite ve %95,5 sensitiflik oranı ile 254,51 x103/ul olarak bulundu.
Sonuç: Yüksek bir SII, MS’de hastalık disabilitesi göstergesi olarak umut vadeden elde edilmesi kolay, ucuz ve etkili prognostik bir belirteç olabilir. Daha uzun
takipli büyük ölçekli çalışmalara ihtiyaç vardır.
Anahtar Kelimeler: Tam kan sayımı, sistemik immün-enflamasyon indeksi, multipl skleroz, sakatlık, trombosit, nötrofil
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Introduction
Multiple sclerosis (MS) causes disability due to axonal loss
as a result of the autoreactive T-lymphocyte attack in the central
nervous system (CNS) (1). Although the initial and definitive
etiology of MS is unknown, there are multifactorial interactions
in MS pathogenesis, one of these, myelin specific T-cells, can
trigger and modulate the passage of inflammatory leukocytes into
the CNS. Increasing evidence suggests that B-cells also play a
major role in the pathogenesis and development of axonal damage
(2). However, it is controversial whether inflammation induces
neurodegeneration or neurodegeneration occurs independently of
inflammation (3).
In addition to monocytes, neutrophils have been reported
to play a role in the increase of inflammatory response in the
pathophysiology MS (4). In many areas of medicine and various
neurologic diseases, the neutrophil-lymphocyte ratio (NLR)
and monocyte-lymphocyte ratio (MLR), inexpensive and easily
available components of the standard complete blood count (CBC),
have been increasingly used as clinical biomarkers of pathologic
inflammation (5). In addition, platelet activation, degranulation,
and platelet-leukocyte interactions can affect the pathophysiology
of all neurodegenerative diseases including MS (6). In physiologic
conditions, CNS has an extremely low level of immune cells, such
as neutrophils and lymphocytes. Platelets can induce inflammation
by increasing the adhesion of leukocytes to the endothelium.
Furthermore, Langer et al. (7) proved that platelets were trapped
in chronic active demyelinating MS lesions.
Currently, the systemic immune-inflammation index (SII),
as a new inflammatory marker, has been emphasized as an index
calculated from systemic immune cells from platelet, neutrophil,
and lymphocyte counts (8). SII, which exhibits a positive
correlation with neutrophil and platelet counts and an inverse
correlation with lymphocyte count, was first described by Hu et al.
(9). In numerous studies, the successful predictive value of SII has
been shown in evaluating survival, especially in malignant diseases
(10,11,12,13,14). Also, in a recent study, Kim et al. (15) found
that SII was associated with poor prognosis in anti-neutrophil
cytoplasmic antibodies (ANCA)-related vasculitis.
The Expanded Disability Status scale (EDSS) is used most
frequently to show disease disability in MS, a neurodegenerative
disease, and it is a very effective method to evaluate morbidity
(16,17). Unsurprisingly, increased neurologic disability has
a significant impact on the lives of a relatively young patient
population affected by MS (18). Therefore the main goal of the
MS treatment protocol should include preventing or reducing
the progression of long-term disability (19). Hence, physicians
involved in managing MS treatment require reliable, valid, and
sensitive tools that measure patient disability in terms of clinical
and laboratory methods (20). The aim of this study was to
investigate whether SII has an effect on the outcome of the disease
and whether it could be used as a simple and useful predictor in
MS with comprehensive statistical methods.

Materials and Methods
This is a retrospective case-control study comparing patients
with MS and healthy controls. We reviewed consecutive
patients with MS who were admitted, treated, and followed
up between January 2017 and February 2020. The inclusion
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criteria were as follows: (1) age range: 18 to 65 years, and (2)
diagnosis of MS according to the 2017 McDonald criteria
(21). The exclusion criteria were as follows: Hematologic and
autoimmune comorbidities, serious infections, severe kidney
and liver dysfunction, traumatic bone fractures in the previous 6
months, cardiac diseases, cerebral vascular diseases, anti-coagulant
treatment of any kind, history of infection or any inflammatory
condition within the previous month, preoperative hematologic
markers, patients who had received steroid therapy within the last
month, exacerbation of MS, and pregnant women.
Clinical Data
Among a total sample of 148 patients with MS, 120 were
enrolled in the study. Demographic, clinical, laboratory data
were analyzed such as age, sex, the presence of additional diseases,
current treatment received and the duration of final treatment,
and disease duration. The duration of the treatment and drug
compliance information was confirmed from the patients’ records.
Eighteen patients were excluded from the study because reliable
clinical data were not available. In addition, three patients with
concurrent chronic infections and two with additional vasculitic
disease were excluded from the study.
The neurologic disability of the patients was estimated using
the EDSS at the time of blood sampling (22). Accordingly, the
patients were categorized into two groups and analyzed; those
with mild disability (EDSS <3.0), and those with moderate/high
disability (EDSS ≥3.0) (23). In addition, data were analyzed by
forming a control group from 84 healthy individuals with age and
sex compatibility.
Complete Blood Counts
Venous blood samples of the patients and age-controlled
healthy controls were taken from the antecubital vein into vacuum
tubes after 12 hours of fasting. Blood sampling was collected
into ethylenediamine tetraacetic acid tubes for a CBC. The CBC
and biochemical parameters were examined, and the lesions on
magnetic resonance imaging of the brain and spinal cord and
attack status were evaluated. Attack (relapse) was defined as the
onset of acute neurologic symptoms lasting 24 hours or more,
and the attack status was recorded. Neutrophil (reference range:
2-6.9x103/ul), lymphocyte (reference range: 0.6-3.4x103/ul),
platelet (reference range: 142-424x103/ul), monocyte (reference
range: 0-0.9x103/ul) hemoglobin (reference range: 12-18.1 g/dl)
measurements were gathered at the specified reference intervals.
The results of the automatic CBC with differential were obtained
through electronic queries of the hospital records.
Evaluations of SII, Neutrophil-platelet-monocyte/
Lymphocyte Ratio
SII is based on peripheral lymphocyte, neutrophil and platelet
counts and was calculated using the formula SII: (PxN)/L, where
P, N and L express preoperative peripheral platelet, neutrophil
and lymphocyte counts, respectively (9). We calculated the
NLR, MLR and platelet to lymphocyte ratio (PLR) as follows:
NLR: Neutrophil count/lymphocyte count, PLR: platelet count/
lymphocyte count and MLR: Monocyte/lymphocyte count.
Ethical Standards
The study protocol was approved by the Yozgat Bozok
University Faculty of Medicine Ethics Committee (decision no:
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2017-KAEK-189_2020.02.26_12, date: 26.02.2020). This study
was conducted in accordance with the ethical principles and
national regulations of the Helsinki Declaration.
Statistical Analysis
Statistical analysis of all patients and controls was reported
according to frequencies for categorical variables (%), mean ±
standard deviation for parameters with normal distribution, and
median (25th-75th percentile) for abnormal distributions. Normality
assumption was evaluated using both visual methods (Q-Q plot)
and the Kolmogorov-Smirnov normality test. The relationships
between qualitative variables were analyzed using Pearson’s chisquare tests, and the relationship between quantitative variables
using Pearson’s and Spearman’s correlation tests. Differences
between groups were evaluated using a continuous Student’s t-test
or the Mann-Whitney U test for continuous data. The cut-off
value, sensitivity and specificity of the hematologic data that could
affect EDSS were calculated using receiver operator characteristic
(ROC) curve analysis and quantile regression of the observed
distributions.
In the next step, significant relationships were used to build
regression models (categorical and linear models for continuous
output variables) on disease disability. In terms of binary logistic
regression analysis, significance levels of the models were given
with Nagelkerke R2 values and the regression co-efficients with
significance were presented. For regression models, R2 values
adjusted to the significance of the models and standardized βs
with significance levels were given, p values less than 0.05 were
considered statistically significant. Data were analyzed using the
SPSS statistics software.

Results
Demographic Characteristics and Prognosis
A total of 120 patients with MS fulfilled the required inclusion
criteria. The median age of the patients with MS was 39 (range: 3145) years, and the female:male ratio was 1.92. The median age of
the healthy controls was 36 (range: 30-42) years with a female:male
ratio of 2.11; and there were no sex or age differences between
the groups (p>0.05). Blood tests showed that the lymphocyte
counts were lowest in patients with MS [1.71 (1.21-2.20x103/ul)
vs 2.23 (1.75-2.75 x103/ul) p<0.001]. In the patients, the median
neutrophil, monocyte, and platelet counts at diagnosis were 3.98
x103/ul, 0.56x103/ul, and 249x103/ul respectively (p>0.05, for all).
The median SII at examination was 602x103/ul and the control
group’s value was 472x103/ul (p=0.013). The demographic and
clinical characteristics of the groups and treatments of the patients
are shown in Table 1.
As shown in Figure 1, the NLR, MLR, PLR and SII values
of the patients are presented with a bar chart (median values for
patients for NLR, MLR, and PLR were 2.56, 0.33, 147.71 vs
the control group whose median values were 1.84, 0.23, 115.50,
respectively; p<0.05). In the correlation analysis between EDSS
value and SII and NLR in the patient group, the findings were
as follows: p=0.037, rho: 0.192, and p=0.013, rho: 0.225,
respectively (Figure 2). Also, no statistical significance was found
in Spearman’s correlation analysis between NLR, PLR, MLR and
SII values and EDSS scores according to the current treatments of
patients (p>0.05) (Table 2).
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Logistic Regression Analyses and Cut-off of SII for the
EDSS of Patients
We grouped patients with MS who were cross-sectionally
screened according to EDSS into two groups; those with mild
disability (EDSS <3.0), and those with moderate/high disability
(EDSS ≥3.0), and we performed logistic regression analysis to
obtain the odds ratio of each variable. In this analysis, SII was
found to be significantly related to the cut-off point of EDSS
[expB: 0.015, 95% confidence interval (CI): (0.999-1.003);
p<0.001]. Apart from this, sex, age, NLR, MLR, and PLR values
were not significantly related to EDSS (Table 3).
Using the area under the ROC curve (AUC/ROC) (area: 0.410,
95% CI: 0.286-0.534), we calculated the optimal cut-off value of
SII at the time of the examination to estimate cross-sectional EDSS
>3, and the strongest value of SII was found to be 254.51x103/
ul (sensitivity 95% and specificity 37%). The AUC in the ROC
analyses of other immune indices were calculated (Figure 3).

Discussion
Currently, extensive studies on serum biomarkers are underway
investigating MS disease activity and follow-up. In this study, the
hypothesis that the inflammatory index negatively affected the
disability and prognosis of disease was investigated. A significant
relationship was found in the correlation analysis between SII
and EDSS, which was found to be high in the patient group.
Furthermore, results of the regression analysis concluded that
SII predicted disability for EDSS ≥3 with the most significant
relationship compared with other parameters. In particular, we
found that the cut-off value of 254.51x103/ul was significant in
the course of the disease. To the best of our knowledge, this is the
first study to evaluate the relationship between EDSS and SII in
patients with MS.
The pathophysiologic mechanism of MS mainly involves
the damage of the blood-brain barrier (BBB) as a result of

Figure 1. Comparison of NLR, PLR, MLR and SII medians between
patients with multiple sclerosis and healthy controls (p<0.05, for all).

NLR: Neutrophil-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte
ratio, PLR: Platelet-to-lymphocyte ratio, SII: Systemic immuneinflammation index
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Table 1. Demographic, clinical features, treatment status and subgroup of complete blood count characteristics of study
participants
Patients (n=120)
Controls (n=84)
p value
Age (years)

39 (31-45)

36 (30-42)

0.113

Men, number (%)

41 (67.9%)

27 (32.1%)

0.763

Women, number (%)

79 (65.8%)

57 (34.2%)

0.880

Hemoglobin (g/L)

13.75±1.85

14.10±1.63

0.159

Neutrophil (x109/L)

3.98 (2.88-5)

4.05 (3.11-5.38)

0.340

Lymphocyte (x10 /L)

1.71 (1.21-2.20)

2.23 (1.75-2.75)

<0.001

Monocyte (x10 /L)

0.56 (0.45-0.70)

0.52 (0.44-0.63)

0.223

Platelet (x109/L)

249 (204-302)

257 (223-300)

0.599

PDW

12 (11-14)

12 (11-13)

0.222

MPV, fl

10.4 (9.9-11.4)

10.4 (9.8-10.9)

0.294

SII (x10 /L)

602 (388-1010)

472 (332-678)

0.013

Disease duration (years)

7 (3-12)

-

-

EDSS value

1.5 (1-2.5)

-

-

Duration of final treatment (years)

2 (1-5)

-

-

None

16 (13%)

-

-

Interferon

38 (31.7%)

-

-

Glatiramer acetate

15 (12.5%)

-

-

Dimethyl fumarate

11 (9.2%)

-

-

Teriflunomid

14 (11.7%)

-

-

Fingolimod

17 (14.2%)

-

-

Ocrelizumab

4 (3.3%)

-

-

Azathioprine

3 (2.5%)

-

-

Natalizumab

2 (1.7%)

-

-

9

9

9

Treatments

PDW: Platelet distribution width, MPV: Mean platelet volume, fl: Femtoliter, SII: Systemic immune-inflammation index, EDSS: Expanded Disability Status scale, Results are
expressed as mean ± standard deviation, median (25th-75th percentil) and; p<0.05 is statistical significant

Figure 2. Correlations between Expanded Disability Status scale (EDSS) and systemic immune-inflammation index, neutrophil/lymphocyte ratio EDSS
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Figure 3. Receiver operating curve analysis of overall survival

ROC: Receiver operating characteristic, NLR: Neutrophil-lymphocyte
ratio, PLR: Platelet-lymphocyte ratio, MLR: Monocyte-lymphocyte ratio,
SII: Systemic immune-inflammation index, AUC: Area under the curve

biochemical disorders and immune system changes. This barrier
is responsible for supporting metabolic homeostasis and immune
regulation of CNS (24). Systemic inflammation can lead to chronic
neurodegeneration, and the production of pro-inflammatory
cytokines causes an inflammatory response in the CNS through
activation of innate or adaptive immunity (25). Platelets are also
the key element responsible for physiologic changes. There is a link
between platelets and MS pathophysiology, and these small cells
may play a major role in neuroinflammation. Activated platelets
are responsible for interacting with leukocytes and initiating
increased infiltration of autoreactive T-cells, which create new
neuroinflammatory lesions in the CNS (1,2). In fact, SII, which
has recently been the subject of research, was identified as an
independent predictor of recurrence or metastasis of cancers (9).
This promising marker was described as a useful and inexpensive
marker that predicted clinically feasible optimal treatment
options in a review investigating gastrointestinal tumors (26).
There are even clinical data implying that this marker may be a
more successful predictor than NLR (27). As mentioned above,
this marker expressed by equation has a positive relationship
with platelet and neutrophils and a negative correlation with
lymphocytes. Some activation of immune-inflammatory cells

Table 2. Correlation analysis relationship of disease treatments with NLR, MLR, PLR and SII in Extended Disability Status
Scale
None
Interferon
Glatiramer acetate
Dimethyl fumarate
Teriflunomid
Fingolimod
(n=16)
(n=38)
(n=15)
(n=11)
(n=14)
(n=17)
NLR
p
rho
MLR
p
rho
PLR
p
rho
SII
p
rho

0.077
0.455

0.678
0.070

0.638
0.132

0.821
-0.078

0.129
0.425

0.280
0.278

0.265
0.296

0.334
-0.164

0.754
0.088

0.915
-0.037

0.923
0.025

0.828
-0.057

0.425
0.214

0.957
-0.009

0.769
-0.083

0.769
-0.100

0.771
0.086

0.517
0.169

0.216
0.327

0.786
-0.046

0.638
0.132

0.873
0.055

0.129
0.425

0.238
0.303

NLR: Neutrophil-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, SII: Systemic immune-inflammation index, rho: Spearman’s
co-efficient, EDSS: Extended Disability Status scale, p<0.05 is statistical significant

Table 3. Univariable logistic regression analyses of variables (demographic factors, complete blood count and immunological
indexes) at diagnosis for the cross-sectional moderate EDSS score
Confidence interval
Beta co-efficient
Standard error
Exp (B)
p value
lower-upper (95%)
Constant
Sex
Age
NLR
MLR
PLR
SII

-1.190
0.025
0.047
0.421
-1.215
-0.003
-4.210

0.216
0.549
0.024
0.311
2.066
0.004
1.195

0.350-3.008
0.999-1.100
0.828-2.801
0.005-17.020
0.989-1.006
0.999-1.003

0.304
1.026
1.048
1.523
0.297
0.997
0.015

<0.001
0.963
0.053
0.176
0.556
0.528
<0.001

N: 120, R2: 0.162 (Cox-snell), R2: 0.244 (Nagelkerke), Model X2: 21.171 p=0.002. NLR: Neutrophil-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio, PLR: Plateletto-lymphocyte ratio, SII: Systemic immune-inflammation index, Exp (B) value in the table shows the value of odds ratio, EDSS: Extended Disability Status scale, p<0.05 is
statistical significant
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is crucial in tumorigenesis and cancer prognosis. As a result,
neutrophil cells are triggered as the defense mechanism of
the body in inflammation (28). Neutrophils can activate both
endothelial and parenchymal cells and promote distant metastasis
when making circulating tumor cell defenses (29). In addition,
neutrophils suppress the activity of natural killer cells and
activated T-cells, therefore neutrophils have been reported to be
capable of suppressing the immune system (30). Lymphocytes are
immune cells that clean tumor cells through both cellular and
humoral immune mechanisms. An increase in count reflects the
activation of the immune pathway (31). In addition, platelets help
tumor cells escape host immunity (26,32). As a result, an increase
in neutrophil count and a decrease in lymphocyte count were
found to predict poor prognosis (30).
The predictive value of SII, which is responsible for the poor
prognosis of the disease, has also been shown in immunosuppressive
drug-naive patients with ANCA-related vasculitis, an autoimmune
disease (15). In a retrospectively designed study performed on 163
patients, proinflammatory cytokines and chemokines were shown
to induce neutrophils and increase the functions of platelets with
increased interleukin-6 (IL-6) and IL-8. However, cytokines in
autoimmune diseases can also provoke lymphopenia. Thus, it was
argued that the difference between the values in the formula was
widened and that SII was correlated with disease prognosis (15).
Which pathways help this predictive function in MS? In studies
on experimental autoimmune encephalomyelitis (EAE), an animal
model of MS, it was found that neutrophil depletion prevented
the pathways in the pathophysiology and contributed to EAE
pathogenesis by increasing the parenchymal brain inflammation
with the release of cytokines (33). Naegele et al. (34) found that
neutrophils induced advanced effector mechanisms, including
degranulation, oxidative burst, and the release of extracellular traps,
which could result in tissue damage and demyelination, enhance
T-cell activation, and disrupt the BBB. However, autoreactive
T-lymphocytes contribute to the pathogenesis by facilitating
inflammation and leading to more oligodendrocyte death (35). A
high autophagic flux has been reported in these autoreactive T-cells
in patients and the EAE mouse model (36). Proinflammatory
stimulation of microglia cells causes an increase in the recruitment
of inflammatory cells (lymphocytes, neutrophils, monocytes and
macrophages), destroying the myelin sheath, which accelerates the
formation of demyelinating lesions (6).
Contrary to expectations, activation of cytokines such as IL-6
and IL-8 in autoimmune diseases may stimulate lymphopenia. The
increase in the platelet and neutrophil counts, and the reduction
in lymphocyte count, which have a triggering role in MS, would
cause an increase in SII value that may be crucial for the disease
and the progression of axonal damage and neurodisability cannot
be prevented in line with the pathophysiologic mechanism.
In many case-control studies including relapsing-remitting
MS and optic neuritis, the elevation of the NLR ratio has been
demonstrated. It was also emphasized that this elevation was
correlated with disability (1). In our study, we attempted to assess
whether the SII equation could be a more specific marker for MS
based on the literature data. According to our findings, we showed
that SII could predict disability more significantly compared with
all other markers with the regression analysis we performed, by
setting a limit to the EDSS for the SII and an NLR value that
is actually correlated with EDSS. In conclusion, with this study,
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we suggest that the SII might be more successful as a predictor
compared with NLR.
Study Limitations
We acknowledge that there are some potential limitations in
this study. The first is that it is a single-center retrospective study.
Second, only patients in remission were included in the study.
It would also be important to compare patients with relapsed or
remission periods in different types of MS. In addition, not all
laboratory values and depression anxiety levels of the patients
were included in this study. Moreover, cell count and infectious
markers were not evaluated in CSF. Of course, if the lesion burden
distribution could be correlated with laboratory tests and CSF of
the relapsing phase, we could contribute more data to the literature.
In addition to the above mentioned operational limitations due
to the lack of neuroimaging findings and the insufficient MSrelated data used in correlation analysis, this study should be
supported by further studies. Therefore, our findings need to be
confirmed by broader studies with a multicentric prospective and
longitudinal design. Furthermore, differential blood count results
would strongly confirm these assumptions in patients with newly
diagnosed MS who have not received any prophylactic treatment.
In addition, the effect of disease-modifying drugs on SII needs to
be investigated to further evaluate the clinical application of this
parameter.

Conclusion
This study suggests that SII, which involves assessment of
neutrophils, platelets, and lymphocytes, as part of the immune
response in patients with immunosuppressive drug-naive MS, may
play an important role in the follow-up protocol as an inexpensive
and feasible marker to assess and manage disease disability.
However, in the diagnosis and follow-up of MS, if these results
could be analyzed along with neurologic and imaging findings
before and after treatment, it would be very useful for the literature.
This study should be supported by future prospective multicenter
studies with a large patient series.
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