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Abstract 

Background  Multiple sclerosis (MS) has two pathophysiological processes, one inflammatory and the other degen-
erative. We investigated the relationship between active lesions on magnetic resonance imaging showing the 
inflammatory phase in MS patients and serum parameters that can be used as inflammatory biomarkers. Thus, we aim 
to detect the inflammatory period in clinical and radiological follow-up and to reveal the period in which disease-
modifying treatments are effective with serum parameters.

Methods  One hundred eighty-six MS patients presented to our hospital between January 2016 and November 2021 
and 94 age- and sex-matched healthy volunteers were recruited for our study. While 99 patients had active lesions on 
magnetic resonance imaging, 87 patients did not have any active lesions. Neutrophil/lymphocyte ratio (NLR), platelet/
lymphocyte ratio (PLR), and monocyte/lymphocyte ratio (MLR) were determined. The SII (systemic immune inflamma-
tory index) value was calculated according to the platelet X neutrophil/lymphocyte ratio formula.

Results  NLR, MLR, PLR and SII values were found to be statistically significantly higher in MS patients than in the 
control group. The NLR, MLR, PLR and SII were higher in the active group with gadolonium than in the group without 
active lesions. In addition, the cutoff values that we can use to determine the presence of active lesions were 1.53, 
0.18, 117.15, and 434.45 for NLR, MLR PLR and SII, respectively.

Conclusions  We found that all parameters correlated with radiological activity. In addition, we showed that we can 
detect the inflammatory period with high sensitivity and specificity with the cutoff value used for SII and PLR. Among 
these easily accessible and inexpensive evaluations, we concluded that SII, including the values in the PLR formula, 
can come to the fore.

Introduction
Multiple sclerosis (MS), a chronic inflammatory demy-
elinating disease, is a disorder of the central nervous 
system (CNS) that most commonly causes disability in 
young adults after trauma [1, 2]. Genetic and environ-
mental risk factors are placed in its multifactorial etiol-
ogy. It has multiple subtypes, and the most common of 
these is relapsing-remitting MS (RRMS). It accounts for 
approximately 85% of cases. RRMS is characterized by 
recurrent neurological symptoms lasting from a few days 
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to weeks. These symptoms show partial or almost com-
plete improvement with spontaneous or some treatment 
options, such as systemic steroid use. MRI reflections of 
relapses may be seen in the development of a focal area 
in the magnetic resonance imaging (MRI) T1 sequence 
with contrast enhancement after gadolinium injection 
(Gd+) and/or hyperintense new lesion development or 
volume expansion in the T2 sequence [3]. Inflammation 
is thought to be dominant at this active stage of the dis-
ease, which is the period when current disease modified 
treatments (DMT) in MS are more effective [4]. Within 
approximately 10-15 years from disease onset, if the 
patients do not receive effective treatment, most patients 
with RRMS develop secondary progressive MS (SPMS), 
characterized by gradual clinical deterioration that does 
not respond adequately to any available therapy. SPMS 
can be said to involve a chronic degenerative process with 
or without relapses, in which the inflammatory process 
plays a lesser role in the central nervous system (CNS) 
and increases disability in patients.

CNS inflammation and neurodegeneration, which 
occur with activation of innate and acquired immune 
cells triggered by autoimmunity, play a role in the patho-
genesis of MS [5, 6]. These changes result in several 
changes, such as demyelinating lesions consistent with 
myelin damage in the white and gray matter and atrophy, 
indicating axonal loss in the brain and spinal cord [7]. In 
addition to the clinic, radiological evaluation with MRI is 
extremely important in the diagnosis of MS disease and 
plays a key role in the follow-up of the disease. Identify-
ing biomarkers that will help evaluate the disease process 
and treatment efficacy is known to provide patients with 
a versatile and more sensitive follow-up. Light chain neu-
rofilaments are a marker that gives strength to the clini-
cians in monitoring used for this purpose [8]. However, 
its use in practice has several limitations, so researchers 
investigate easily accessible, reliable and cost-effective 
indicators of its use that will allow routine utilization.

The differential count of white blood cells is a widely 
used biomarker to indicate systemic inflammation. Many 
ratios, such as neutrophil/lymphocyte (NLR), platelet/
lymphocyte (PLR), and monocyte/lymphocyte (MLR) 
ratios, obtained by dividing the cell counts by each other, 
which are thought to be superior to the use of white 
blood cell subtypes alone in demonstrating inflamma-
tion, are currently in practice [9]. For example, cerebro-
vascular diseases, cancers, and autoimmune diseases 
have been the subject of studies on this subject [10–12]. 
MS was also involved in these studies. It is known that 
the NLR value increases in early MS [13]. In another 
study by Hemond et al., high NLR and MLR levels were 
found to be associated with MS-related disability, inde-
pendent of all demographic, clinical, treatment-related, 

and psychosocial variables [14]. In a study comparing 
PLR with NLR, a higher value was found in aquaporin-
4-antibody-positive neuromyelitis optica spectrum disor-
ders (NMOSDs) than in MS [15].

The systemic immune-inflammatory index (SII), which 
is calculated according to the peripheral platelet count X 
neutrophil count/lymphocyte count formula, has been 
used to determine the prognosis in many cancer types, 
especially hepatocellular cancer and other diseases that 
progress with changes in inflammatory backgrounds [16, 
17]. However, no study in the literature has investigated 
the relationship between SII levels and the pathophysiol-
ogy of inflammation in MS.

In this study, NLR, PLR, MLR and SII levels were 
planned to be evaluated in both patient groups with 
active contrast-enhancing lesions and without contrast 
enhancing lesions groups on MRI and in healthy controls. 
In this way, we investigated whether the inflammatory 
process in which DMT drugs are effective (with the idea 
that gadolonium involvement in MRI reflects inflamma-
tion) can be detected in the blood through NLR, PLR, 
MLR and SII values as well as whether it can be used as a 
biomarker in terms of prognosis and disability.

There have been some concerns about the use of gado-
lonium recently. In particular, the accumulation of this 
substance in the brain and its neurodegenerative conse-
quences have been discussed [18]. In addition, we aimed 
to examine the preferability of NLR, PLR, MLR and SII 
levels as an alternative to gadolonium use in subgroups of 
patients with and without active lesions on MRI.

Methods
Determination of the study group
In our study, patient records from January 2016 to 
November 2021 were reviewed retrospectively. One 
hundred eighty-six patients who presented to our hos-
pital and who were diagnosed with relapsing remitting 
MS by two neurologists and 94 age- and sex-matched 
volunteers who gave blood for other reasons were 
recruited for our study. Evaluation of the data was per-
formed in 2021. The 2010 McDonald’s criteria were 
used to diagnose MS. The McDonald Criteria 2010 was 
revised at the end of 2017 [19], but since we wanted to 
include 2016 and 2017’s patients in our study too, the 
McDonald 2010 criteria were used in the joint diag-
nosis of patients until 2021. In this study, we aimed 
to identify new neurological examination findings 
described by the patient or detected independently by 
two neurologists after exclusion of causes such as fever 
and infection lasting more than 24 hours and detect 
any accompanying gadolonium-enhancing T1 lesions 
in the brain or spinal cord radiologically consistent 
or inconsistent with clinical findings. In addition, an 
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active patient group was formed with the detection of 
gadolonium-enhancing T1 lesions in the brain or spinal 
cord at the time of diagnosis and in the periodic follow-
ups of patients with or without new clinical complaints 
or new neurological examination findings. The noncon-
trast patient group consisted of patients who did not 
have brain or spinal cord lesions detected with active 
gadolonium in their periodic follow-ups, did not have 
any new complaints or examination findings in the 
last three months, and did not receive acute attack 
treatment.

Patients with contrast-enhancing lesions after gado-
linium injection (Gd+) were included in the patient 
group with active lesions. Patients who did not have any 
Gd+ lesions were included in the patient group without 
active lesions. While the number of patients with active 
lesions in the patient group was 99, the number of 
patients without active lesions was 87. The EDSS value 
(Expanded Disability Status Scale) was used to evaluate 
the disability of the patients. Disease duration was cal-
culated on the basis of the time of initial diagnosis of 
the patient, and the treatments received by the patients 
were those they were receiving at the time of blood col-
lection. Disease-modifying therapies act with different 
mechanisms of action. For example, while interferons 
may cause lymphopenia, lymphocytosis may occur with 
natalizumab, which controls lymphocyte passage to the 
central nervous system [20, 21].

Therefore, we included patients at the time of ini-
tial diagnosis, patients who did not receive treatment, 
patients who took medication not affecting lymphocyte, 
neutrophil, monocyte and platelet counts and those 
with no history of immunosuppressant treatment.

The rights of all participants were protected accord-
ing to the Declaration of Helsinki. Patients under 18 
years of age, patients with active infection, diabetes 
mellitus, hypertension, acute/chronic liver or kidney 
failure, active or chronic inflammatory disease (such 
as inflammatory bowel disease, Sjögren’s syndrome), 
other autoimmune disease, pregnant patients, patients 
with existing malignancy, and patients with a history 
of surgical intervention, acute myocardial infarction or 
trauma over the last 3 months were not included in our 
study.

The control group was randomly generated from 94 
age- and gender-matched people who applied to our out-
patient clinic between 2016 and 2021, did not have any 
complaints or systemic diseases and were asked to docu-
ment that they were healthy.

Ethics committee approval of our study was obtained 
from Sivas Cumhuriyet University Non-Interven-
tional Ethics Committee on 21.10.2020 under number 
2020-10/23.

Evaluation of biochemical and hematological parameters
Dry tubes were used for biochemical analysis, and EDTA 
tubes were used for hematological tests. Complete blood 
count analysis of blood samples taken from the left ante-
cubital vein of the subjects at rest was performed using 
Diagon kits on the Mindray BC-6800 device, and kits 
from the same company were used with the fully auto-
matic nephelometric method on the Beckman Coulter 
AU5800 (Beckman Coulter Inc, Hialeah, Florida) device 
for biochemical analyses. In our clinic, if any imaging 
containing gadolonium is to be performed, we have a 
practice in which kidney function tests are requested on 
the same day. In addition to this test in MS patients, com-
plete blood count, sedimentation, CRP, Vitamin D, folic 
acid, Vitamin B12, and thyroid function tests were added. 
Therefore, blood samples taken within 24 hours were 
included in the study without storage and were evaluated 
within the same day.

NLR, PLR and MLR values were obtained by dividing 
the cell counts in the measured complete blood count by 
each other. The SII value was calculated according to the 
platelet X neutrophil/lymphocyte formula.

Evaluation with cranial magnetic resonance imaging
Cranial images obtained by the Department of Radiology 
of Sivas Cumhuriyet University on Siemens brand Mag-
netom Aera 2013 Model 1.5 Tesla magnetic resonance 
imaging device were evaluated with the automation 
system over the Sectra Uniview system. Demyelinat-
ing lesions with contrast enhancement after gadolinium 
injection (Gd +) in the T1 examination of these MR 
images in the axial, coronal and sagittal planes were 
defined as active lesions. The presence of active lesions 
was evaluated by an independent radiologist and neu-
rologist, and patients were included in the patient group 
with active lesions accordingly. The other patient group 
without active lesions consisted of patients who did not 
have Gd + lesions. Additionally, the patients with active 
lesions were divided into 3 groups by the number of 
lesions they had (1–5, 6–10 and 11 and above).

Statistical method
NCSS (Number Cruncher Statistical System) 2007 (Kay-
sville, Utah, USA) was employed for statistical analyses. 
The conformity of the quantitative data to the normal 
distribution was tested with the Shapiro‒Wilk test and 
graphical examinations. Whether the distribution of 
continuous data was close to normal was examined with 
the Kolmogorov‒Smirnov test. When continuous data 
showed a normal distribution, they were expressed as the 
mean ± standard deviation (SD); otherwise, they were 
expressed as the median and minimum-maximum, while 
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categorical data were expressed as frequencies and per-
centages. During the comparison of quantitative data, 
Student’s t test was used to compare two groups show-
ing a normal distribution, and the Mann‒Whitney U test 
was used to compare two groups not showing a normal 
distribution. One-way analysis of variance and binary 
evaluations with Bonferroni correction were used to 
make more than two intergroup comparisons of normally 
distributed quantitative variables. The Kruskal‒Wallis 
test and Dunn-Bonferroni test were used for compari-
sons between groups of more than two nonnormally dis-
tributed quantitative variables. Fisher-Freeman-Halton 
exact test was used to compare qualitative data. Spear-
man correlation analysis was employed to evaluate the 
relationships between quantitative variables. Diagnostic 
screening tests (sensitivity, specificity, PKD, NKD) and 
ROC curve analysis were used to determine the cutoff. 
Statistical significance was accepted as p<0.05.

The sample size and power analysis of the study were 
made with the G*Power 3.1 test program. The sample size 
was determined by reference to the studies of Demirci 
et  al. Assuming ∝=0.05, effect size d=0.65, 87 MS 
patient groups and 47 control groups were calculated for 
0.95 (1-β) power. However, since our study was designed 
retrospectively, it was conducted with 186 MS patients 
and 94 control groups. The power of our study was calcu-
lated as 0.99 in Post Hoc analysis [22, 23].

Results
The research was conducted between January 2016 and 
November 2021 in Sivas Cumhuriyet University Hospi-
tal, Department of Neurology, with a total of 280 cases, 
73.6% (n=206) female and 26.4% (n=74) male. The group 
of patients was divided into two subgroups: patients 
with and without active lesions. In the group of patients 
with active lesions (n=99), 73.7% (n=73) were females, 
while in the group without active lesions (n=87), 78.2% 
(n=68) were females. This rate was 69.1% (n=65) in the 
patients in the control group. There was no difference in 
sex among the three groups (p=0.392). The mean age was 
33.85±9.6 years in the patient group with active lesions 
(n=99) and 32.72±7.4 years in the group without active 
lesions. The mean age was 33.44±8.0 years in the patients 
in the control group. There was no difference among the 
three groups in terms of sex or age (p=0.656). When 
the number of lesions in the patient group with active 
lesions was analyzed, the number of lesions was between 
1-5 in 54.5% (n=54), between 6-10 in 16.2% (n=16), and 
between 11 and above in 29.3% (n=29). When the locali-
zations of these lesions were analyzed, it was determined 
that 77.8% (n=77) were supratentorial, 17.2% (n=17) 
were infratentorial, and 5.1% (n=5) were spinal. The dis-
ease period in this patient group changed between 0 and 

22 years, and the mean disease period was 5.05±4.65 
years. EDSS measurements changed between 0 and 6 val-
ues, and the mean was 1.11±0.49. %54.3 (n=101) of the 
patient group was under treatment during this study. In 
terms of laboratory parameters, the patient group had 
high monocyte, platelet, and neutrophil counts, while the 
control group had a statistically significantly higher lym-
phocyte count (p=0.001). When the patient group was 
divided into 2 groups according to the presence of active 
lesions, the number of monocytes, platelets and neutro-
phils in the group with active lesions was found to be sta-
tistically significantly higher than that in both the patient 
group without active lesions and the control group 
(p=0.001, p=0.001, p=0.001, respectively). Addition-
ally, the number of lymphocytes in the group with active 
lesions was found to be significantly lower than that in 
both the patient group without active lesions and the 
control group (p=0.001). There was no statistically signif-
icant difference between the patient and control groups 
in terms of CRP measurements and eosinophil counts 
(p=0.425, p=0.104). When the MLR, PLR, NLR and SII 
ratios were examined, all 4 ratios were found to be sta-
tistically significantly higher in the patient group versus 
the control group (p=0.001). Similarly, MLR, NLR, PLR 
and SII values ​​in patients with active lesions were statisti-
cally significantly higher than in patients without active 
lesions, according to the analysis of the subgroup in the 
patient group (respectively p=0.001, p=0.001, p=0.001, 
p=0.001) (Table 1). In addition, when the patient group 
was divided into 2 subgroups according to the status of 
receiving treatment, the PLR ​​values ​​in the group receiv-
ing treatment were statistically significantly lower than 
those in the group not receiving treatment (p=0.042), but 
there was no difference in terms of the MLR, NLR and SII 
values between the two groups.

Based on the significance of the MLR, PLR, NLR and 
SII ratios, ROC analysis and diagnostic screening tests 
were used to calculate the cutoff point for the MLR, PLR, 
NLR and SII ratios to define MS. According to the pres-
ence of MS, the cutoff value for MLR was 0.17 (sensitiv-
ity: 55.17%; specificity: 88.30%; positive predictive value: 
81.40; negative predictive value: 68.00; AUC: 75.8%, SE: 
3.6%), the cutoff value for PLR was 115.59 (sensitivity: 
66.67%; specificity: 91.49%; positive predictive value: 
87.90; negative predictive value: 74.80; AUC: 85.8%; 
SE: 2.8%), the cutoff value for NLR was 1.36 (sensitiv-
ity: 63.22%; specificity: 74.47%; positive predictive value: 
69.60; negative predictive value: 68.60; AUC: 

45.1%; SE: 3.6%), and the cutoff value for SII was 412.53 
(sensitivity: 60.62%; specificity: 89.36%; positive predic-
tive value: 84.10; negative predictive value: 71.20; AUC: 
82.6%, SE: 3%) (Table  2, Fig.  1A). Furthermore, based 
on the elevation of MLR, PLR, NLR and SII values in 
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patients with active lesions, ROC analysis and diagnostic 
screening tests were used to calculate the cutoff point for 
MLR, PLR, NLR and SII ratios to define active lesions in 
MS patients. According to the presence of active lesions 
in MS patients, the cutoff value for MLR was 0.18 (sen-
sitivity: 82.83%; specificity: 91.49%; positive predictive 

value: 91.00; negative predictive value: 82.70; AUC: 
91.9%, SE: 1.9%), the cutoff value for PLR was 117.15 
(sensitivity: 91.92%; specificity: 94.68%; positive predic-
tive value: 94.80; negative predictive value: 91.80; AUC: 
96.7%; SE: 1.2%), the cutoff value for NLR was 1.53 (sen-
sitivity: 83.84%; specificity: 85.11%; positive predictive 

Table 1  The comprassion of the basal demographic and laboratory findings and MLR, PLR, NLR, SII values of patient and control 
groups

EDSS Expanded Disability Status Scale, CRP C- Reactive protein, MLR Monocyte/ lymphocyte ratio, PLR Platelet/ lymphocyte ratio, NLR Neutrophil / lymphocyte ratio, 
SII Systemic immune-inflammatory index
a Kruskal Wallis Test; bOne Way Anova Test; CFisher Freeman Halton Test All values are presented mean ± standard deviation(SD) or median value (min–max); **p<0.05

Patient Group Control Group(n = 94) p

Total(n = 186) Active Lesion( +)(n = 99) Active Lesion(-)(n = 87)

Age(year) (mean ± SD) 33.21 ± 7.6 33.85 ± 9.6 32.72 ± 7.38 33.44 ± 8.04 b0.656

Gender(female(n,%)) 141(75.8%) 73 (73.7%) 68 (78.2%) 65 (69.1) c0.392

Disease Duration(year)
(mean ± SD)

5.05 ± 4.65 - - - −

EDSS(mean ± SD) 1.11 ± 0.49 - - - −

Lesion count 1–5: 54 (54.5%)
6–10: 16(16.2%)
 ≥ 11: 29 (29,3%)

Lesion localisation - Supratentorial:77(77.8%)
Infratentorial:17(17.2%)
Spinal:5(5.1%)

- - −

CRP(mg/dL)
(median(min–max))

2.3 (0.1–9.8) 2.1 (0.1–9.8) 2.4 (0.1–8.5) 2.4(1–7.1) b0.425

Monocyte count(109/L) 
(mean ± SD)

0.42 ± 0.19 0.50 ± 0.23 0.42 ± 0.17 0.34 ± 0.10 b 0.001**

Lymphocyte count(109/L) 
(median(min–max))

2.2 (0.9–4) 1.8 (0.9–2.9) 2.2 (0.9–3.5) 2.6 (1.4–4) a 0.001**

Platelet count(109/L)
(mean ± SD)

281.11 ± 69.06 330.72 ± 63.74 285.92 ± 54.99 224.41 ± 36.62 b0.001**

Eosinophil count(109/L) 
(median(min–max))

0.1 (0–0.4) 0.1 (0–0.4) 0.1 (0–0.4) 0.1 (0–0.2) a0.104

Neutrophil count(109/L) 
(median(min–max))

3.6 (1–14) 4.2 (2.1–14) 3.6 (1–14) 3.1 (1–4.9) a 0.001**

MLR(median(min–max)) 0.2 (0–1.3) 0.3 (0.1–1.3) 0.2 (0–0.7) 0.1 (0–0.3) a0.001**
PLR(median(min–max)) 122.8 (43.2–421.8) 189.8 (83.8–421.8) 135 (61.3–351.3) 89.3 (43.2–189) a0.001**
NLR(median(min–max)) 1.5 (0.4–10.6) 2.5 (1–10.6) 1.5 (0.5–10.6) 1.2 (0.4–2.8) a0.001**
SII(median(min–max)) 452.7 (71.1–3215.6) 797.9 (273–3215.6) 478.1 (151.9–3215.6) 234.2 (71.1–674) a0.001**

Table 2  Diagnostic Screening Tests by presence of MS and ROC Curve Results for MLR, PLR, NLR, SII

MLR Monocyte/ lymphocyte ratio, PLR Platelet/ lymphocyte ratio, NLR Neutrophil / lymphocyte ratio, SII Systemic immune-inflammatory index

**p<0.05

Diagnostic Scan ROC Curve p

Cut off Sensitivite Spesifisite Positive 
Predictive Value

Negative
Predictive Value

Area 95% Confidence 
Interval

MLR  ≥ 0.17 55.17 88.30 81.40 68.00 0.758 0.687–0.829 0.001**
PLR  ≥ 115.59 66.67 91.49 87.90 74.80 0.858 0.803–0.913 0.001**
NLR  ≥ 1.36 63.22 74.47 69.60 68.60 0.751 0.680–0.821 0.001**
SII  ≥ 412.53 60.92 89.36 84.10 71.20 0.826 0.766–0.885 0.001**
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value: 85.60; negative predictive value: 83.30; AUC: 
92.7%; SE: 1.7%), and the cutoff value for SII was 434.45 
(sensitivity: 88.89%; specificity: 91.49%; positive predic-
tive value: 91.70; negative predictive value: 88.70; AUC: 
97.2%, SE: 0.9%) (Table 3, Figure 2A, B, C, D).

In the patient group, there was a weak positive and 
statistically significant relationship between EDSS score 
and PLR measurements (r=0.160; p=0.029; p<0.05). 
However, there was no statistically significant relation-
ship between EDSS score and MLR, NLR and SII meas-
urements (p=0.484, p=0.367, p=0.080, respectively). 
Additionally, there was a weak positive and statisti-
cally significant relationship between disease duration 
and PLR measurements in the patient group (r=0.250; 
p=0.013; p<0.05). However, there was no statistically sig-
nificant relationship between disease duration and MLR, 
NLR or SII measurements (p=0.683, p=0.389, p=0.432, 
respectively). Similarly, no statistically significant cor-
relation was found between lesion localization or lesion 
number and MLR, PLR, NLR, and SII measurements in 
the patient group (p=0.556, p=0.813, p=0.976, p=0.997, 
p=0.117, p=0.577, p=0.816, p=0.517, respectively) .

Discussion
The MLR, PLR, NLR, and SII rates were high compared 
to the healthy controls in the patient groups with or with-
out active lesions on MRI in our study. Additionally, these 
rates were found to be significantly higher in the patient 
group with an active lesion compared to the group with-
out active lesion. The MLR, PLR, NLR, and SII rates have 
higher specificity and sensitivity in detecting the active 
lesion rather than diagnosing the disease based on the 
results of our study. Additionally, we demonstrated that 
values above 0.17 for MLR, 115.59 for PLR, 1.36 for NLR, 
and 412.53 for SII can be used with moderate specific-
ity and sensitivity in detecting MS and that cutoff values 
above 0.18 for MLR, 117.15 for PLR, 1.53 for NLR, and 
434.45 for SII can be beneficial as biomarkers with high 

specificity and sensitivity in detecting radiological activ-
ity. When these values are evaluated individually, the 
rates with both the highest specificity and sensitivity and 
the largest area under the curve are SII and PLR. In this 
respect, these two values seem to be superior to other 
rates in detecting active lesions and the active process of 
the disease in MS patients.

The relationship between clinical activity and MRI 
findings in MS and inflammatory biomarkers was first 
investigated a long time ago. The evaluation in which 
clinical and radiological correlations were determined 
with serum nitric oxide metabolites, nitrate and nitrite 
levels is a good example of clinical activity and MRI 
findings .In this study, the correlation of these increased 
metabolites with the benign disease process was empha-
sized [24].

Later studies of blood parameter ratios, especially 
with NLR, was found in many diseases and MS. In a 
study by Bisgaard et al., NLR was found to be higher in 
MS patients with relapses than in those without [25]. 
Similarly, in our study, this rate was found to be high in 
patients with gadolonium-enhancing lesions. In another 
evaluation, the NLR rate was found to be high in patients 
who relapsed at the onset of RRMS [26].

The results of Demirci et al.’s study are also similar. In 
their study, they found a higher rate of NLR in patients in 
the relapse period than in the remission period. They also 
identified NLR as an independent predictor of disease 
progression. In this study, no evaluation was made on 
whether the patients received treatment [22]. Yetkin et al. 
examined MS patients who did not receive treatment 
and found a relationship between higher NLR values and 
the need for more effective treatment in the relapsed MS 
patient group. Similar to our study, Yetkin et al. found no 
relationship between disability and NLR [27].

In our study, a relationship was found between the 
increase in MLR and patients with active lesions. Exam-
ining brain atrophy and T2 lesions that we did not eval-
uate in our study, Hemond et  al. found a correlation 

Fig. 1  A ROC curve for MLR measurement by MS presence(AUC: 0.758), B: ROC curve for PLR measurement by MS presence(AUC:0.858), C: ROC 
curve for NLR measurement by MS presence(AUC:0.751), D: ROC curve for SII measurement by MS presence(AUC:0.826)
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between a high MLR and brain atrophy but did not find a 
relationship with T2 lesions [14]. Another study showed 
that, in addition to NLR, a high MLR was correlated with 
a significant increase in the risk of relapse over a 2-year 
period in MS patients [28].

In studies of platelet lymphocyte ratios, we can see that 
the increase in these ratios indicates a poor prognosis of 
cancer, as well as showing predictive features for the need 
for intensive care in COVID-19 patients [29, 30]. In our 
study, it was concluded that the increase in PLR may be a 
candidate inflammatory marker. In addition, we found a 
weak but statistically significant correlation between the 
increase in PLR values and EDSS scores.

Unlike existing studies, we evaluated the SII value, 
which is accepted as a new inflammatory indicator 
combining information obtained from platelet, neutro-
phil and lymphocyte counts, in MS patients and con-
trol groups. Our results were found to be higher in MS 
patients than in healthy controls. In addition, SII values 
in patients with active lesions were also significantly 
higher than those without active lesions.

It should be kept in mind that conditions other than MS 
activity may also increase inflammatory indicators such 
as NLR, PLR, MLR and SII. Similar to previous studies 
conducted with these inflammatory indicators, patients 
with active infection, systemic inflammatory disease, or 
those receiving medical treatment that could affect the 
number of blood parameters were excluded from the cur-
rent study. Therefore, white blood cell counts and CRP 
values in our study were also within normal limits.

Multiple sclerosis is a common autoimmune demy-
elinating disease of the central nervous system (CNS). 
Although the exact cause of MS is unknown, it is thought 
to have a multifactorial etiology, primarily environ-
mental and genetic factors. While HLA variant HLA-
DRB1*15:01, one of genetic factors, is kept responsible, 
environmental factors such as Epstein bar virus infec-
tion, low vitamin D level or smoking are also on the list 
[31]. There are two important hypotheses in the patho-
physiology of MS [32]. The first is the inside-out hypoth-
esis, which suggests that the autoimmune degenerative 

process initial starts in the CNS; however, there is insuf-
ficient evidence to support this hypothesis. The other 
is the outside-in hypothesis, which is commonly recog-
nized, unlike the former hypothesis. In the outside-in 
hypothesis, it is assumed that autoreactive CD4+ T cells, 
which are divided into subgroups according to their pro- 
and anti-inflammatory cytokine profiles, are activated in 
the periphery and reach the CNS by crossing the blood‒
brain barrier (BBB) [31, 33]. It has been proven by both 
experimental autoimmune encephalomyelitis (EAE) 
model and MS treatment studies that CD4+ T cells that 
migrate to the CNS are activated by antigen-presenting 
cells and direct leukocytes such as T and B cells and mac-
rophages to initiate myelin damage [33, 34]. This inflam-
matory process triggers the degradation of myelin and 
the release of new CNS antigens called peripheral epitope 
spread [33]. The resulting persistent inflammation results 
in further damage to myelin and oligodendrocytes and 
axonal loss. While T and B cells, microglia, macrophages, 
complement and antibodies directly contribute to this 
observed damage, proinflammatory factors mostly gener-
ated by neutrophils, such as nitric oxide, matrix metal-
loproteinases (MMPs), tumor necrosis Factor a (TNF-α) 
and IL-1β, also play an indirect role in this damage [31]. 
The common point of these hypotheses is the triggering 
of the systemic inflammatory response in MS patients. 
In this respect, an increased incidence of other autoim-
mune diseases characterized by a systemic inflammatory 
response (such as Sjögren’s syndrome and rheumatoid 
arthritis) in MS patients was observed [35, 36].

It has been shown through EAE models that neutro-
phils can act on the brain parenchyma by disrupting 
the BBB and increasing inflammation in MS. Neutro-
phils, which are short-lived cells, have been found to be 
highly expressed in MS patients at the onset of disease 
and relapse. In particular, neutrophils are thought to 
contribute to the pathological process by affecting the 
periphery rather than the CNS. In light of this informa-
tion, myeloid cells such as neutrophils seem to be a tar-
get for future treatments, follow-up and monitoring [37]. 
Recent studies have reported that NLR, recognized as a 

Table 3  Diagnostic Screening Tests by presence of active lesions in MS patients and ROC Curve Results for MLR, PLR, NLR, SII

MLR monocyte/ lymphocyte ratio, PLR platelet/ lymphocyte ratio, NLR neutrophil / lymphocyte ratio, SII Systemic immune-inflammatory index

**p<0.05

Diagnostic Scan ROC Curve p

Cut off Sensitivite Spesifisite Positive 
Predictive Value

Negative
Predictive Value

Area 95% Confidence 
Interval

MLR  ≥ 0.183 81.82 91.49 91.00 82.70 0.919 0.881–0.957 0.001**
PLR  ≥ 117.15 91.92 94.68 94.80 91.80 0.967 0.945–0.990 0.001**
NLR  ≥ 1.53 83.84 85.11 85.60 83.30 0.927 0.893–0.961 0.001**
SII  ≥ 434.45 88.89 91.49 91.7 88.7 0.972 0.954–0.989 0.001**
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new inflammatory biomarker, was higher in both MS and 
clinically isolated syndrome patients than in healthy indi-
viduals, which corroborates our study. This rate was also 
found to be associated with relapse, increased disability, 
and brain atrophy [13, 14, 34].

The radiological and histological indicator of MS dis-
ease is demyelinating plaques. Significant activation of 
microglia is present at the edge of active demyelinating 
lesions, while macrophages are at the lesion center, and 
it is unknown whether they are derived from a pool of 
activated microglia or from hematogenous monocytes. 
Similarly, a high number of microglia are present in the 
periplate and even in the distant, normal-appearing 
white matter [38]. MS plaques are typically characterized 
by BBB damage, which allows antigen-presenting cells 
such as B cells and myeloid cells to migrate through the 
BBB, leading to the differentiation of memory T cells into 
proinflammatory T helper lymphocytes [39].

Platelet abnormalities in MS patients were reported 
decades ago [40, 41]. New information supporting these 
studies is the detection of platelet-specific GPIIb (CD41) 
in brain tissues in human MS plaques and EAE models 
[42]. In addition, platelet activating factor (PAF) levels in 
CSF have been associated with both EAE and MS disease 
activity [38]. Interestingly, reduced PAF receptor levels 
led to reduced inflammation and demyelination in mice 
with EAE [39]. Recently, gangliosides GT1b and GQ1b, 
which are specifically recognized by platelets in the brain, 
and brain-specific glycolipids in the perivascular space 
area have been shown to trigger immune response cas-
cades [41]. EAE attenuation in mice, especially in the 
active phase of the disease, when platelets are reduced 
both in number and function, clearly demonstrated the 
important contribution of platelets in the pathogenesis 
of EAE. Similarly, leukocyte migration to the inflamed 
CNS is limited by the reduction of platelets both in num-
ber and function [43]. However, there is a few study con-
ducted on MS patients related to platelet count, which 

has been shown to be important in the pathophysiology 
of MS in the literature. In our study, PLR was found to 
be higher in the patient group than in the control group, 
supporting this view. In patient subgroups, a significant 
increase in PLR in radiologically active patients may have 
meaning as an inflammatory biomarker.

SII, a new indicator calculated by combining the infor-
mation from all three of the platelet, neutrophil and 
lymphocyte counts, has been recently shown to be an 
independent risk factor in determining the severity of 
the disease and short-/long-term prognosis in acute cer-
ebrovascular events [44, 46]. The SII was also found to 
be an independent new indicator for the development 
of respiratory failure in acute inflammatory demyelinat-
ing polyneuropathy [47]. Apart from this, SII levels were 
also investigated in Parkinson’s disease, which is known 
to be a neurodegenerative disease, and it was established 
that SII value increases with increasing motor impair-
ment, leading to negative effects on daily living activities 
[48]. In our study, SII levels elevated in MS patients with 
and without radiologically active lesions compared with 
healthy controls, SII levels were found to be significantly 
higher in patients with active lesions than in patients 
without active lesions such as NLR, MLR, and PLR. In 
addition, there was a positive correlation between dis-
ease duration and EDSS scores with PLR values. How-
ever, there was no significant relationship between 
MLR, NLR and SII measurements and disease duration 
in either group. Similarly, no statistically significant cor-
relation was found between treatment status, number of 
lesions, and MLR, PLR, NLR, and SII measurements in 
the patient group with and without active lesions.

The NLR, MLR, PLR and SII, which we found to be 
higher in patients with active lesions, seem to be impor-
tant in terms of indicating the inflammatory period of 
MS patients. In addition, according to the results of our 
study, it can be suggested that the presence of active 
lesions can be detected without using gadolinium with 

Fig. 2  A ROC curve for MLR measurement by active lesions presence(AUC: 0.919), B: ROC curve for PLR measurement by active lesions 
presence(AUC:0.967), C: ROC curve for NLR measurement by active lesions presence(AUC:0.927), D: ROC curve for SII measurement by active lesions 
presence (AUC:0.972)
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the cutoff value we determined for MLR, PLR, NLR and 
SII in patients with active lesions on MRI based on the 
results of our study. Among these rates, the SII value, 
including PLR, becomes prominent because it com-
bines information from three blood parameters, unlike 
other inflammatory indicators obtained by the rate of 
two blood parameters, and it has high susceptibility and 
specificity.

It has recently been shown that gadolinium, which is 
the contrast agent for MRI that is frequently used in the 
monitorization of MS patients, can accumulate in many 
tissues, especially in the brain, and may have long-term 
toxic effects [49]. Therefore, SII values above 434.45 
can be considered a noninvasive, inexpensive and eas-
ily accessible alternative with high susceptibility and 
sensitivity.

Our study has several limitations. First, our study was 
designed retrospectively. Therefore, only the leukocyte 
count and CRP level were evaluated among the inflam-
matory markers, and the levels of other inflammatory 
markers could not be measured. This did not allow us to 
make further comments on the highly complex patho-
physiology of MS. Similarly, only patient sera were used 
in our study, and inflammatory indicators in CSF could 
not be evaluated. In addition, only patients with radiolog-
ical activity in the presence of gadolinium were included 
in our study, and more sensitive studies could not be per-
formed. While determination of attack frequency and 
disability is clinically important for follow-up and treat-
ment monitoring in MS patients, radiological evaluation 
is another vital parameter. The inflammatory process 
is thought to continue in an exacerbated form in radio-
logically active patients. The high level of new inflam-
matory biomarkers in our study in patients with active 
lesions also lends support to this information. Patients 
benefit more from treatment in this phase of the disease 
rather than in the chronic neurodegenerative phase, and 
the disability rate of patients who receive effective treat-
ment decreases in the following period. SII, an important 
inflammatory biomarker in MS pathophysiology that 
combines information from platelet, neutrophil and lym-
phocyte counts, which was found to be correlated with 
radiological activity in our study, can be considered an 
easily accessible option that does not require additional 
cost in the follow-up of MS patients and treatment moni-
toring in the inflammatory phase, during which MS med-
ications are more effective. In addition, our results, which 
are a reflection of radiological activity, may be an alterna-
tive option for the use of gadolinium. Further studies in 
larger patient series and subgroups are required to sup-
port this information and make more interpretations.

Acknowledgements
Not applicable

Authors’ contributions
Conceptualization; Seyda Figul Gokce, Asli Bolayir, Burhanettin Cigdem, Data 
curation; Seyda Figul Gokce, Asli Bolayir, Formal analysis; Seyda Figul Gokce,Asli 
Bolayir. Investigation; Seyda Figul Gokce, Asli Bolayir, Burhanettin Cigdem, 
Methodology; Seyda Figul Gokce, Asli Bolayir, Burhanettin Cigdem, Project 
administration; Seyda Figul Gokce, Asli Bolayir, Burhanettin Cigdem, Bulent 
Yildiz, Resources; Seyda Figul Gokce,, Bulent Yildiz, Software; Seyda Figul 
Gokce, Bulent Yildiz, Supervision; Burhanettin, Cigdem, Bulent Yildiz, Validation; 
Seyda Figul Gokce, Asli Bolayir, Visualization; Seyda Figul Gokce, Asli Bolayir, 
Roles/Writing—original draft; Seyda Figul Gokce, Asli Bolayir, Burhanettin 
Cigdem, Bulent Yildiz, Writing—review & editing: Seyda Figul Gokce, Burhanet-
tin Cigdem, Bulent Yildiz. The authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available. These data contain direct and indirect identifiers, but are 
available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was performed in accordance with ethical standards of Helsinki 
declaration and its later amendments and was approved by the institutional 
ethical board. Ethics committee approval of our study was obtained from Sivas 
Cumhuriyet University Non-Interventional Ethics Committee on 21.10.2020 
under number 2020–10/23. Written informed consent is obtained from all 
subjects before entering the study. Data is collected pseudonymously.

Consent for publication
Not applicable.

Competing interests
The authors declare there are no conflicts of interest – financial or otherwise – 
related to the material presented herein.

Received: 7 July 2022   Accepted: 31 January 2023

References
	1.	 Ebers GC. Environmental factors and multiple sclerosis. Lancet Neurol. 

2008;7(3):268–77.
	2.	 Zostawa J, Adamczyk J, Sowa P, Adamczyk-Sowa M. The influence 

of sodium on pathophysiology of multiple sclerosis. Neurol Sci. 
2017;38(3):389–98.

	3.	 Rovira A, Auger C, Alonso J. Magnetic resonance monitoring of lesion 
evolution in multiple sclerosis. Ther Adv Neurol Disord. 2013;6(5):298–310.

	4.	 Tintore M, Angela VJ, Sastre-Garriga J. Treatment of multiple sclerosis-suc-
cess from bench to bedside. Nature Reviews Neurology. 2019;15(1):53–8.

	5.	 Confavreux C, Vukusic S, Moreau T, Adeleine P. Relapses and progression of 
disability in multiple sclerosis. N Engl J Med. 2000;343(20):1430–8.

	6.	 Frohman EM, Racke MK, Raine CS. Multiple sclerosis-the plaque and its 
pathogenesis. N Engl J Med. 2006;354(9):942–55.

	7.	 Perry VH, Cunningham C, Holmes C. Systemic infections and inflammation 
affect chronic neurodegeneration. Nat Rev Immunol. 2007;7(2):161–7.

	8.	 Varhaug KN, Torkildsen Ø, Myhr KM, Vedeler CA. Neurofilament light chain as 
a biomarker in multiple sclerosis. Front Neurol. 2019;10:338.

	9.	 Guzel I, Mungan S, Oztekin ZN, Fikri Ak. Is there an association between 
the Expanded Disability Status Scale and inflammatory markers in multiple 
sclerosis? J Chin Med Assoc. 2016;79(2):54–7.

	10.	 Gong P, Liu Y, Gong Y, Chen G, Zhang X, Wang S, et al. The association of 
neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, and lympho-
cyte to monocyte ratio with post-thrombolysis early neurological outcomes 
in patients with acute ischemic stroke. J Neuroinflammation. 2021;18(1):51.



Page 10 of 10Gokce et al. BMC Neurology           (2023) 23:64 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	11.	 Wang L, Wang C, Jia X, Yang M, Yu J. Relationship between Neutrophil-to-
Lymphocyte Ratio and Systemic Lupus Erythematosus: A Meta-analysis. 
Clinics (Sao Paulo). 2020;17(75):e1450.

	12.	 Lianos GD, Alexiou GA, Exarchos C, Rausei S, Mitsis M, Voulgaris S. Prognostic 
significance of neutrophil-to-lymphocyte ratio in several malignancies: 
where do we stand? Biomark Med. 2020;14(3):169–72.

	13.	 Gelibter S, Pisa M, Croese T, Dalla Costa G, Orrico M, Preziosa P, et al. 
Neutrophil-to-lymphocyte ratio: a marker of neuro-inflammation in multiple 
sclerosis? J Neurol. 2021;268(2):717–23.

	14.	 Hemond CC, Glanz BI, Bakshi R, Chitnis T, Healy BC. The neutrophil-to-lym-
phocyte and monocyte-to-lymphocyte ratios are independently associated 
with neurological disability and brain atrophy in multiple sclerosis. BMC 
Neurology. 2019;19(1):1–10.

	15.	 López PA, Criniti J, Pettinicchi JP, Cristiano E, Patrucco L, Lazaro L, et al. 
Platelet-to-lymphocyte ratio differs between MS and NMOSD at disease 
onset and predict disability. Mult Scler Relat Disord. 2022;58:103507.

	16.	 Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, et al. Systemic immune-inflam-
mation index predicts prognosis of patients after curative resection for 
hepatocellular carcinoma. Clin Cancer Res. 2014;20(23):6212–22.

	17.	 Kim Y, Choi H, Jung SM, Song JJ, Park YB, Lee SW. Systemic immune-inflam-
mation index could estimate the cross-sectional high activity and the poor 
outcomes in immunosuppressive drug-naïve patients with antineutro-
phil cytoplasmic antibody-associated vasculitis. Nephrology (Carlton). 
2019;24(7):711–7.

	18.	 Pasquini L, Napolitano A, Visconti E, Longo D, Romano A, Tomà P, 
et al. Gadolinium-based contrast agent-related toxicities. CNS Drugs. 
2018;32(3):229–40.

	19.	 Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G, et al. 
Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. 
Lancet Neurol. 2018;17(2):162–73.

	20.	 Paty DW, Li DK. Interferon beta-1b is effective in relapsing-remitting mul-
tiple sclerosis. I. Clinical results of a multicenter, randomized, double-blind, 
placebo-controlled trial. The IFNB Multiple Sclerosis Study Group. Neurol-
ogy. 1993;43(4):655–61.

	21.	 Kolcava J, Hulova M, Rihova L, Bednarik J, Stourac P. The impact of lympho-
cytosis and CD4/CD8 ratio on the anti-JCV antibody index and clinical data 
in patients treated with natalizumab. Neurol Sci. 2021;42(7):2847–53.

	22.	 Demirci S, Demirci S, Kutluhan S, Koyuncuoglu HR, Yurekli VA. The clinical 
significance of the neutrophil-to-lymphocyte ratio in multiple sclerosis. Int J 
Neurosci. 2016;126(8):700–6.

	23.	 Faul F, Erdfelder E, Buchner A, et al. Statistical power analyses using G*Power 
31: Tests for correlation and regression analyses. Behav Res Methods. 
2009;41:1149–60.

	24.	 Giovannoni G, Miller D, Losseff N, Sailer M, Lewellyn-Smith N, Thompson 
AJ, et al. Serum inflammatory markers and clinical/MRI markers of disease 
progression in multiple sclerosis. J Neurol. 2001;248:487–95.

	25.	 Bisgaard AK, Pihl-Jensen G, Frederiksen JL. The neutrophil-to-lymphocyte 
ratio as disease actvity marker in multiple sclerosis and optic neuritis. Mult 
Scler Relat Disord. 2017;18:213–7.

	26	 D’Amico E, Zanghì A, Romano A, Sciandra M, Palumbo GAM, Patti F. The 
Neutrophil-to-Lymphocyte Ratio is Related to Disease Activity in Relapsing 
Remitting Multiple Sclerosis. Cells. 2019;8(10):1114.

	27.	 Yetkin MF, Mirza M. Neutrophil to-lymphocyte ratio as a possible predictor 
of prognosis in recently diagnosed multiple sclerosis patients. J Neuroim-
munol. 2020;26(346):577307.

	28.	 Huang WC, Lin HC, Yang YH, Hsu CW, Chen NC, Tsai WC, et al. Neutrophil-to-
lymphocyte ratio and monocyte-to-lymphocyte ratio are associated with 
a 2-year relapse in patients with multiple sclerosis. Mult Scler Relat Disord. 
2022;58:103514.

	29.	 Li B, Zhou P, Liu Y, Wei H, Yang X, Chen T, et al. Platelet-to-lymphocyte 
ratio in advanced Cancer: Review and meta-analysis. Clin Chim Acta. 
2018;483:48–56.

	30	 Ravindra R, Ramamurthy P, Aslam SSM, Kulkarni AKS, Ramamurthy PS. Plate-
let Indices and Platelet to Lymphocyte Ratio (PLR) as Markers for Predicting 
COVID-19 Infection Severity. Cureus. 2022;14(8):e28206.

	31.	 Dendrou CA, Fugger L, Friese MA. Immunopathology of multiple sclerosis. 
Nat Rev Immunol. 2015;15(9):545–58.

	32.	 Ruiz F, Vigne S, Pot C. Resolution of inflammation during multiple sclerosis. 
Seminars in immunopathology. 2019;41(6):711–26.

	33.	 Trapp BD, Nave KA. Multiple sclerosis: an immune or neurodegenerative 
disorder? Annu Rev Neurosci. 2008;31:247–69.

	34	 Naegele M, Tillack K, Reinhardt S, Schippling S, Martin R, Sospedra M. 
Neutrophils in multiple sclerosis are characterized by a primed phenotype. J 
Neuroimmunol. 2012;242(1–2):60–71.

	35.	 Schett G. Rheumatoid arthritis and multiple sclerosis: direful siblings, differ-
ent strategies. FEBS letters. 2011;585(239):3601–2.

	36.	 Gianni M, Annunziata P. Sjögren syndrome and multiple sclerosis: Two sides 
of the same coin? Autoimmunity Reviews. 2016;15(5):457–61.

	37.	 Pierson ER, Wagner CA, Goverman JM. The contribution of neutrophils to 
CNS autoimmunity. Clin Immunol. 2018;189:23–8.

	38.	 Prineas JW, Kwon EE, Cho ES, Sharer LR, Barnett MH, Oleszak EL, et al. 
Immunopathology of secondary-progressive multiple sclerosis. Ann Neurol. 
2001;50(5):646–57.

	39.	 Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari A, Vukusic S, et al. Multiple sclero-
sis. Nat Rev Dis Primers. 2018;4:43.

	40.	 Kihara Y, Ishii S, Kita Y, Toda A, Shimada A, Shimizu T. Dual phase regulation of 
experimental allergic encephalomyelitis by platelet-activating factor. J Exp 
Med. 2005;202(6):853–63.

	41.	 Callea L, Arese M, Orlandini A, Bargnani C, Priori A, Bussolino F. Plate-
let activating factor is elevated in cerebral spinal fluid and plasma of 
patients with relapsing-remitting multiple sclerosis. J Neuroimmunol. 
1999;94(1–2):212–21.

	42.	 Lock C, Hermans G, Pedotti R, Brendolan A, Schadt E, Garren H, et al. Gen-
emicroarray analysis of multiple sclerosis lesions yields new targets validated 
in autoimmune encephalomyelitis. Nat Med. 2002;8(5):500–8.

	43.	 Sotnikov I, Veremeyko T, Starossom SC, Barteneva N, Weiner HL, Pon-
omarev ED. Platelets Recognize Brain-Specific Glycolipid Structures, 
Respond to Neurovascular Damage and Promote. Neuroinflammation. 
2014;9(1):10.1371.

	44.	 Hou D, Wang C, Luo Y, Ye X, Han X, Feng Y, et al. Systemic immune 
inflammation index (SII) but not platelet-albumin-bilirubin (PALBI) grade 
is associated with severity of acute ischemic stroke (AIS). Int J Neurosci. 
2021;131(12):1203–8.

	45.	 Trifan G, Testai FD. Systemic immune-inflammation (SII) index predicts poor 
outcome after spontaneous supratentorial intracerebral hemorrhage. J 
Stroke Cerebrovasc Dis. 2020;29(9):105057.

	46.	 Li S, Liu K, Gao Y, Zhao L, Zhang R, Fang H, et al. Prognostic value of systemic 
immune–inflammation index in acute/subacute patients with cerebral 
venous sinus thrombosis. Stroke Vasc Neurol. 2020;5(4):368–73.

	47.	 Wu X, Wang H, Xie G, Lin S, Ji C. Increased systemic immune-inflammation 
index can predict respiratory failure in patients with Guillain-Barré syn-
drome. Neurol Sci. 2022;43(2):1223–31.

	48.	 Li S, Zhang Q, Gao Y, Nie K, Liang Y, Zhang Y, et al. Serum Folate, Vitamin B12 
Levels, and Systemic Immune-Inflammation Index Correlate With Motor 
Performance in Parkinson Disease: A Cross-Sectional Study. Front Neurol. 
2021;12:665075.

	49.	 Gulani V, Calamante F, Shellock FG, Kanal E, Reeder SB. Gadolinium deposi-
tion in the brain: summary of evidence and recommendations. Lancet 
Neurol. 2017;16(7):564–70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The role of systemic ımmune ınflammatory ındex in showing active lesion ın patients with multiple sclerosis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Determination of the study group
	Evaluation of biochemical and hematological parameters
	Evaluation with cranial magnetic resonance imaging
	Statistical method

	Results
	Discussion
	Acknowledgements
	References


