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ÖZET

AMAÇ: Multipl skleroz (MS) merkezi sinir sisteminin (MSS) süre-
ğen, inflamatuar otoimmün bir hastalığıdır. Otoimmün yanıtla-
rın nasıl oluştuğu netlik kazanmasa da periferik kan hücrelerinin 
MS'te inflamatuar yanıtın başlamasına ve şiddetlenmesine kat-
kıda bulunabileceği bilinmektedir. Bu çalışmanın amacı MS’de 
nötrofil-lenfosit oranı (NLR), monosit-lenfosit oranı (MLR), pla-
telet-lenfosit oranı (PLR), eritrosit dağılım genişliği (RDW) ve 
sistemik immün inflamasyon indeksi (SIII) duyarlılığını ve özgül-
lüğünü değerlendirmek ve engellilik ile arasındaki ilişkiyi belir-
lemektir.

GEREÇ VE YÖNTEM: Bu tek merkezli, retrospektif vaka kontrol 
çalışmasına toplam 104 MS hastası ile yaş ve cinsiyet uyumlu 
65 sağlıklı birey alındı. Engellilik, Genişletilmiş Engellilik Duru-
mu Ölçeği (EDSS) ile değerlendirildi ve buna göre hastalar, hafif 
(EDSS<3), orta (3,5 ≤ EDSS ≥4,5) ve şiddetli (EDSS≥5) engelliler 
olarak sınıflandırıldı. Hastaların ve kontrol grubunun tam kan 
sayımlarına göre NLR, MLR, PLR, RDW ve SIII değerleri hesap-
landı. Kontrol grubu ile MS hastaları, MS alt tipleri ve relap-
sing-remitting MS (RRMS) atak ve remisyon dönemi arasındaki 
inflamasyon belirteçleri karşılaştırıldı. Bu belirteçler ile hastalık 
süresi, atak sayısı ve özürlülük arasındaki ilişkiye bakıldı.

BULGULAR: MLR ve RDW, MS’de kontrol grubuna göre daha 
yüksekti. MS alt tiplerin arasında bu değerlerde anlamlı farklılık 
yoktu. Hastalık süresi, atak sayısı ve EDSS arttıkça RDW’nin de 
arttığı görüldü. 

SONUÇ: Çalışmamızda MLR ve RDW’nin PLR, NLR ve SIII’ye göre 
inflamasyonu değerlendirmede daha belirleyici olduğu görül-
müştür. RDW'nin MS hastalarında daha yüksek olması ve has-
talık disabilitesinden etkilenmesi, MS hastalarının takibinde ve 
özürlülük derecesinin değerlendirilmesinde RDW'nin önemli 
bir rolü olabileceğini göstermektedir.

ANAHTAR KELİMELER: Multipl skleroz, İnflamatuar yanıt, İnfla-
masyon, Lenfosit, Eritrosit dağılım hacmi.

ABSTRACT

OBJECTIVE: Multiple sclerosis (MS) is a chronic inflammatory 
autoimmune disease of the central nervous system (CNS). Alt-
hough it is not clear how autoimmune responses occur, it is 
known that peripheral blood cells may promote the initiation 
and exacerbation of the inflammatory response in MS. The aim 
of this study was to evaluate the sensitivity and specificity of 
neutrophil-lymphocyte ratio (NLR), monocyte-lymphocyte ra-
tio (MLR), platelet-lymphocyte ratio (PLR), erythrocyte distri-
bution width (RDW) and systemic immune inflammation index 
(SIII) in MS and to determine their relationship with disability.

MATERIAL AND METHODS: In this single-center, retrospective 
case-control study, 104 patients with MS and 65 healthy indivi-
duals were included. Disability was assessed with the Expanded 
Disability Status Scale (EDSS) score, and patients were classi-
fied as mild (EDSS<3), moderate (3.5 ≤ EDSS ≥4.5), and severe 
(EDSS≥5) disabilities. NLR, MLR, PLR, RDW and SIII values were 
calculated according to the complete blood counts of the pa-
tients and the control group. Inflammation markers between 
the control group and MS patients, MS subtypes, and relap-
sing-remitting MS (RRMS) attack and remission periods were 
compared. the relationship between these markers and dura-
tion of illness, number of attacks and disability was examined.

RESULTS: MLR and RDW were higher in MS than the controls.  
There was no significant difference in these values between MS 
subtypes. It was observed that RDW increased as the disease 
duration, number of attacks and EDSS increased.

CONCLUSIONS: In our study, in evaluating inflammation it was 
seen that MLR and RDW were more determinative than PLR, 
NLR and SIII. The fact that RDW is higher in MS patients and is 
affected by disease disability indicates that RDW may have an 
important role in the follow-up of MS patients and in evaluating 
the degree of disability.

KEYWORDS: Multiple sclerosis, Inflammatory response, Inflam-
mation, Lymphocyte, Erythrocyte distribution volume.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic, autoim-
mune demyelinating disease of the central 
nervous system (CNS) affecting mostly young 
adults. The etiology of MS is still obscure; howe-
ver, a complex interaction of genetic and en-
vironmental factors have been suggested to 
underlie the immune dysregulation observed 
in MS. The principal mediators of MS are acti-
vated myelin-reactive T cells crossing the blood 
brain barrier (BBB) and recruiting a diverse set 
of myeloid cells including neutrophils and mo-
nocytes/macrophages. These cells along with 
CNS-resident microglia and astrocytes promote 
and execute an inflammatory cascade that ulti-
mately results in myelin, oligodendrocyte and 
axonal damage in the CNS through direct cell 
contact-dependent mechanisms and action 
of wide range of inflammatory, anti-inflamma-
tory cytokines, autoantibodies, oxidative spe-
cies and enzymes secreted by these cells (1 - 3). 

T cells are presumed to be activated in the perip-
hery. Though it is still an enigma how the auto-
immune responses are generated, it is recently 
well recognized and documented that periphe-
ral blood cells including neutrophils, monocy-
tes, and platelets may contribute to the initiati-
on and aggravation of inflammatory response in 
MS.  Even more, some hematological indices are 
reported to be independent predictors of the 
neurological disability and brain atrophy (4 - 6).

It has been stated that the inflammatory 
response in the body can be assessed by chan-
ges in the composition of inflammatory prote-
ins and inflammatory cells in peripheral blood. 
In relation to this, serum hematological indices 
including the systemic immune inflammatory 
index (SIII), neutrophil-lymphocyte ratio (NLR), 
platelet-lymphocyte ratio (PLR), monocyte-ly-
mhocyte ratio (MLR), red blood cell distributi-
on width (RDW) and others have emerged as 
useful biomarkers of pathogenic inflammation 
and prognostication in many inflammatory di-
seases because of their availability and affor-
dability (5 - 11). Even more, SIII is reported to 
be superior to NLR and PLR in reflecting the 
balance of one’s inflammatory and immune 
status (12). The aim of this study was to eva-

luate the sensitivity and specifity of SIII, NLR, 
MLR, PLR and RDW and further to determi-
ne the prognostic accuracy of each in MS pa-
tients and relationship with acute exacerbation. 

MATERIALS AND METHODS

Participants

The study was a single-center retrospective ca-
se-control study. A total of 104 patients with 
MS and 65 age- and gender-matched healt-
hy individuals were enrolled into the study.  
Sample size was estimated in the G* Power 
program, with t tests and two-way method, 
the total minimum sample size required for 
the patient and healthy group was accepted 
as 5% type 1 error, 95% confidence interval, 
and the medium effect size suggested by Co-
hen as 0.50 and 80% power. It was calculated 
with 144. The patient group was planned as a 
minimum of 96, and the control group as 48.
MS patients were selected consecutively among 
outpatient clinic of Süleyman Demirel Univer-
sity Medical Faculty Neurology Department 
between January 2019 and October 2021. Pa-
tients older than 18 years of age with a definite 
diagnosis of MS according to McDonald criteria 
were included (13). Presence of any hemato-
logical and autoimmune comorbidities (inclu-
ding rheumatoid arthritis, Sjogren's syndrome, 
systemic lupus erythematosus, Behçet’s disease 
and others), diabetes and hyperlipidemia, hy-
pertension, cardiovascular diseases, liver and 
kidney dysfunction, malignancies, anti-coa-
gulant or anti-platelet use, history of infection 
within the previous month were determined 
as exclusion criterias for both groups. Further-
more, MS patients who received corticosteroid 
within the last 3 months, who used any herbal 
medicine, or who were pregnant were exclu-
ded. Volunteers constituting the control group 
were recruited from individuals who applied 
to the outpatient clinic for routine controls, 
did not have any chronic diseases, and met 
the inclusion and exclusion criteria. All partici-
pants were assessed by a trained neurologist. 
Among a total sample of 183 patients, 79 were 
excluded (Figure1). The remaining 104 MS pa-
tients were re-evaluated for clinical and demog-
raphic data prior to blood sampling. MS subtype, 
disease duration, disability status and current 
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disease modifying drugs the patients are on 
was recorded. Disability was estimated by the 
Expanded Disability Status Scale (EDSS) score, 
and accordingly MS patients were grouped as 
those with mild (EDSS<3), moderate (3.5 ≤ EDSS 
≥4.5) and severe (EDSS≥5) disability (14, 15).

Figure  1: Flowchart of sample selection

Complete Blood Counts

Blood samples of the participants were drawn 
from the antecubital vein after 12 hours of fasting 
and flow cytometry method (Beckman Coulter 
LH 780 Analyzer; Beckman Coulter Inc., Miami, 
FL) was used for the analysis. The analyzer was 
calibrated twice a day by determining low and 
high parameters with the control blood samp-
les. Results were determined and recorded. To 
evaluate the temporal change of hematologi-
cal indices during remission and relapse, blood 
samples of RRMS patients during the acute atta-
ck, before receiving intravenous methylpredni-
solone therapy, were achieved retrospectively 
from hospital records. Total white and red blood 
cell and platelet counts were collected for both 
groups. In addition, red cell distribution volu-
me, differential numbers of monocytes, lymp-
hocytes and neutrophils were determined and 
NLR, PLR, MLR values were calculated from each 
component. SIII was calculated according to 
formula SIII: (plateletXneutrophil)/lymphocyte. 

Ethical Committee

The study was carried out according to the 
tenets of the Helsinki Declaration and has 
been approved by the institutional review 
board of Süleyman Demirel University Me-
dical Faculty (01.07.2021/75783). Written in-
formed consent form was obtained from 
all individuals participating to the study.

Statistical Analysis

SPSS 23.0 software was used to analyze data 
(SPSS Inc., Chicago, IL). Normality of variables 
was evaluated by the Kolmogorov-Smirnov 
and the Shapiro-Wilk normality tests. Continu-
ous variables were given as mean ± standard 
deviation, and categorical variables as number 
and percentage. The Chi-square test was used 
to compare the ratios in the groups. The Stu-
dent’s t-test or Mann-Whitney U-test was used 
to compare the two independent groups ac-
cording to their distribution state. Comparisons 
of more than two independent groups were 
assessed with one-way ANOVA and Kruskal–
Wallis tests according to their Gaussian distri-
bution. Post-hoc analysis was conducted using 
Duncan’s and Dunn's multiple comparison test, 
when appropriate. The correlation between 
variables were evaluated with Pearson’s and 
Spearman’s correlation tests. Further, receiver 
operating characteristics (ROC) curve analysis 
was used to determine the cut-off values of the 
hematological indices. For all the analyses, the 
significance level was established as p < 0.05. 

RESULTS

Of the 104 patients included in the study, 77 
were relapsing-remitting MS (RRMS) and 27 
were secondary progressive MS (SPMS). Chara-
cteristics of all patients and healthy participants 
and blood test data are summarized in Table 1.
Lymphocyte values were lower in MS patients 
(p=0.017). MLR, RDW and MPV were higher in MS 
than in controls (p<0.001, p=0.002 and p=0.027 
respectively). Although PLR, NLR and SIII were 
higher in MS patients compared to controls, 
this difference was not statistically significant 
(Table 1). Although MLR, PLR, NLR, RDW, SIII va-
lues were higher in RRMS compared to SPMS, 
no statistically significant difference was found 
(Table 2). When the RRMS attack and remissi-
on periods were evaluated, MLR and PLR were 
found to be higher in the remission period than 
in the attack period (p<0.001 and p=0.003).

Although NLR, RDW and SIII were found to be 
higher in the remission period, these differen-
ces were not statistically significant (Table 3). 
When evaluated according to disability groups, 
NLR was statistically significantly higher in mo-
derate disability (p=0.008). Although MLR, PLR, 
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SIII were higher in moderate disability, it was 
not statistically significant (Table 4).  When the 
correlation of parameters with EDSS, duration 
of disease, number of attacks is examined,it 
was observed that NLR, RDW and SIII values 
were higher as the EDSS value increased. It was 
observed that NLR, PLR, SIII and RDW increased 
as the disease duration increased (Table 5).
Relative to the ROC analysis results, when the 
cut-off value for MLR was taken as 0.28, the area 
under the curve (AUC) was obtained as 0.673. 
This value obtained is statistically significant 
(p<0.001). Sensitivity was 64.36% and speci-
ficity was 67.69%. When the cut-off value for 
RDW is taken as 14.2, the area under the curve 
(AUC) is obtained as 0.641. This value obtained 
is statistically significant (p=0.002). Sensitivity 
was 43% and specificity was 81.54% (Table 6).

Table  1: Demographic data of MS patients and comparison of 
inflammation parameters with the control group

Table  2: Comparison of parameters between RRMS and SPMS 
groups

Table  3: Comparison of the attack period and remission period 
parameters in the relapsing remitting MS (RRMS) group

Table  4: Comparison of parameters according to EDSS groups

Table 5: Correlation of parameters with EDSS, disease duration 
and number of attacks

Table 6: ROC analysis results

DISCUSSION

The BBB is a critical physiological barrier to pro-
tect the CNS from inflammatory cells found in 
peripheral blood. Disruption of the BBB in MS 
is one of the early signs of the disease. In the 
early stage of immune-inflammatory diseases, 
neutrophils can infiltrate the CNS, triggering 
and exacerbating the inflammatory response. 
Cytokines, including interleukin-1 beta (IL-1β), 
IL-6 and tumor necrosis factor-alpha (TNF-α), 
can be released from neutrophils in the acute 
phase of inflammation and impair BBB func-
tion and increase BBB permeability (16, 17). 
Moreover, platelets also play a vital role in inf-
lammation by communicating with many types 
of cells, including white blood cells found in 
peripheral blood (18). Activated platelets pro-

 

 

 

     MS Control Test statistic P 

Gender (K) 68 (65,4) 43 (66,2) 𝜒𝜒𝜒𝜒2=0,011 0,918 

Age 36,5 ± 9,9 34,8 ± 10,2 U=3747,5 0,235 

Disease duration (year) 7,6 ± 5,9    

number of attacks 3,2 ± 2,1    

EDSS 2,7 ± 2,1    

EDSS groups 

mild disability 

moderate disability 

severe disability 

 

67 

13 

24 

   

Treatment  

No drugs  

Interferon beta 

Glatiramer asetat 

Dimetil fumarat 

Ocrelizumab 

Fingolimod 

Teriflunomid 

Natalizumab 

 

12 

21 

19 

17 

13 

12 

9 

1 

   

Lymphocyte 1,84 ± 0,76 2,10 ± 0,61 t=2,416 0,017 

Neutrophil 4,08 ± 1,40   4,08 ± 1,10 t=0,003 0,998 

Monocyte 0,57 ± 0,17 0,52 ± 0,15 U=2792 0,080 

Platelet 232,05 ± 60,18 245,75 ± 47,74 t=1,631 0,105 

NLR 2,78 ± 2,18 2,11 ± 0,85 U=2834 0,114 

MLR 0,39 ± 0,30 0,27 ± 0,11 U=2149,5 <0,001 

PLR 157,72 ± 106,85 124,91 ± 41,14 U=2920 0,195 

RDW 15,40 ± 10,00 13,67 ± 1,22 U=2331 0,002 

MPV 9,08 ± 1,07 8,76 ± 0,80 t=-2,228 0,027 

SIII 640,15 ± 569,19 508,95 ± 206,56 U=3036 0,360 

EDSS: Expanded Disability Status Scale, NLR: Neutrophil-lymphocyte ratio, MLR: Monocyte-lymphocyte ratio, PLR: 
Platelet-lymphocyte ratio, RDW: Erythrocyte distribution width, MPV: Mean platelet volume, SIII: Systemic immune 
inflammation index  𝜒𝜒𝜒𝜒2: Chi-square test statistic, U: Mann-Whitney U test statistic, t: Two independent samples t-test 
statistics *Display: Mean ± s. deviation, frequency (percent) 

  
                RRMS        SPMS 

Test statistic P 
            Mean ± s. deviation  Mean ± s. deviation  

NLR       2,84 ± 2,47  2,62 ± 1,06  U=883,5 0,328 
PLR        163,30 ± 119,93  142,20 ± 55,43  U=996 0,900 
MLR      0,42 ± 0,33  0,32 ± 0,13  U=858,5 0,365 
RDW      15,61 ± 11,66  14,83 ± 2,00  U=821 0,201 
MPV       9,12 ± 1,11  8,96 ± 0,96  t=0,679 0,498 
SIII        653,29 ± 645,07  603,65 ± 268,96  U=898 0,385 

RRMS: Relapsing-remitting multiple sclerosis, SPMS: Secondary progressive multiple sclerosis, NLR: Neutrophil-
lymphocyte ratio, MLR: Monocyte-lymphocyte ratio, PLR: Platelet-lymphocyte ratio, RDW: Erythrocyte distribution 
width, MPV: Mean platelet volume, SIII: Systemic immune inflammation index, t: Two independent samples t-test 
statistics *Display: Mean ± s. deviation, frequency (percent)t: Independent two-sample t-test statistic, U: Mann-Whitney 
U test statistic 

 

  
                   Attack                   Remission 

Test statistic P 
            Mean ± s. deviation              Mean ± s. deviation  

NLR 2,75 ± 2,35          2,85 ± 2,48  Z=-0,859 0,390 
MLR 0,28 ± 0,13           0,42 ± 0,34  Z=-4,231 <0,001 
PLR 131,19 ± 101,64             163,28 ± 120,75  Z=-3,006 0,003 
RDW 14,14 ± 2,83          15,64 ± 11,73  Z=-1,698 0,090 
MPV 9,16 ± 1,12           9,13 ± 1,12  t=0,448 0,656 
SIII 637,21 ± 565,02             656,77 ± 648,77  Z=-0,617 0,537 

NLR: Neutrophil-lymphocyte ratio, MLR: Monocyte-lymphocyte ratio, PLR: Platelet-lymphocyte ratio, RDW: 
Erythrocyte distribution width, MPV: Mean platelet volume, SIII: Systemic immune inflammation index, t: Paired two 
sample t-test statistic, Z: Wilcxon test statistic 

 

  
             mild disability moderate disability severe disability 

Test statistic P 
              Mean ± s. Deviation  Mean ± s. deviation  Mean ± s. deviation  

NLR           2,66 ± 2,46  3,90 ± 1,99  2,50 ± 1,06  𝜒𝜒𝜒𝜒2=9,76 0,008 

MLR           0,38 ± 0,29  0,58 ± 0,45  0,32 ± 0,13  𝜒𝜒𝜒𝜒2=1,09 0,580 

PLR            159,53 ± 120,27  182,79 ± 107,37  139,23 ± 56,13  𝜒𝜒𝜒𝜒2=5,56 0,062 

RDW          15,81 ± 12,55  14,11 ± 0,91  15,04 ± 2,01  𝜒𝜒𝜒𝜒2=4,322 0,115 

MPV           9,13 ± 1,11  9,05 ± 1,28  8,95 ± 0,85  F=0,247 0,782 

SIII          633,07 ± 665,34  803,88 ± 441,59  570,65 ± 262,34  𝜒𝜒𝜒𝜒2=4,776 0,092 
EDSS: Expanded Disability Status Scale, NLR: Neutrophil-lymphocyte ratio, MLR: Monocyte-lymphocyte ratio, PLR: 
Platelet-lymphocyte ratio, RDW: Erythrocyte distribution width, MPV: Mean platelet volume, SIII: Systemic immune 
inflammation index, 𝜒𝜒𝜒𝜒2: Kruskal Wallis test statistic, F: One-way analysis of variance test statistics 

 

 

 
EDSS Disease duration Number of attacks 

r p r p P R 
NLR 0,252 0,011 0,245 0,013 0,221 0,026 
PLR 0,136 0,173 0,211 0,033 0,134 0,180 
MLR 0,085 0,396 0,118 0,242 0,010 0,918 
RDW 0,291 0,003 0,198 0,049 0,283 0,004 
MPV -0,078 0,436 -0,038 0,706 -0,026 0,793 
SIII 0,198 0,046 0,215 0,030 0,176 0,077 

EDSS: Expanded Disability Status Scale, NLR: Neutrophil-lymphocyte ratio, MLR: Monocyte-lymphocyte ratio, PLR: 
Platelet-lymphocyte ratio, RDW: Erythrocyte distribution width, MPV: Mean platelet volume, SIII: Systemic immune 
inflammation index, r: Spearman's rho correlation coefficient 

 

Parametre Cut-off AUC (%95 CI) p Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

NLR  --- 0,573 (0,486 – 0,659) 0,114 --- --- --- --- 

PLR  --- 0,56 (0,473 – 0,646) 0,195 --- --- --- --- 

MLR  ≥0,28 0,673 (0,59 – 0,756) 0,000 64,36% 67,69% 75,58% 55% 

RDW  ≥14,2 0,641 (0,557 – 0,726) 0,002 43% 81,54% 78,18% 48,18% 

MPV  --- 0,587 (0,5 – 0,673) 0,059 --- --- --- --- 

SIII --- 0,542 (0,455 – 0,629) 0,360 --- --- --- --- 

ROC: Receiver operating characteristics, AUC: Area under the curve, PPV: Positive predictive value, NPV: Negative 
predictive value, NLR: Neutrophil-lymphocyte ratio, MLR: Monocyte-lymphocyte ratio, PLR: Platelet-lymphocyte ratio, 
RDW: Erythrocyte distribution width, MPV: Mean platelet volume, SIII: Systemic immune inflammation index,   
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mote the activation of neutrophils, monocytes 
and dendritic cells with selectin and CD40L (19).
Proinflammatory stimulation in microglial cells 
contributes to the increase of inflammatory cel-
ls (lymphocytes, neutrophils, monocytes, and 
macrophages), destruction of the myelin she-
ath, and formation of demyelinating lesions (11).

The inflammatory response in the body 
is manifested by changes in inflamma-
tory proteins and the number of inflamma-
tory cells in the blood. The most common 
markers for assessing inflammation in the 
body include NLR, MLR, PLR, RDW, and SIII. 

In recent studies have focused on NLR, which 
is the ratio of neutrophils to lymphocytes (20). 
In response to conditions such as systemic inf-
lammation, an increase in the number of neut-
rophils and a decrease in the number of lymp-
hocytes is observed. NLR increases due to this 
change (21). NLR has also been investigated in 
central and systemic neurological diseases such 
as ischemic and hemorrhagic cerebrovascular 
diseases, myasthenia gravis, and MS, and its 
relationship with prognosis has been demons-
trated (22 - 25). In some studies, NLR level was 
higher in MS than in the control group (4, 25, 
26). Although NLR levels were higher in MS pa-
tients in our study, this difference was not sta-
tistically significant. No statistically significant 
difference was found between RRMS attack-re-
mission periods and between MS subtypes 
in terms of NLR.  Güzel et al. determined NLR 
higher in patients with an EDSS score of 5 and 
above and reported that NLR could be a distin-
ctive inflammatory marker in terms of disease 
progression (27). In our study, NLR was signifi-
cantly higher in moderate disabilities. It was ob-
served that the NLR value was as higher as the 
EDSS value and the number of attacks increa-
sed and the duration of the disease increased.

PLR was first defined in the literature in 2008 by 
Smith RA et al. The authors reported that throm-
bocytosis and lymphocytopenia indicate the 
degree of systemic inflammation of individuals 
and that PLR may be a critical marker (28). Our 
study demonstrated no significant difference in 
PLR between the MS patients and the control 
group. In RRMS, PLR was higher in the remissi-
on than in the attack period. No correlation was 
observed between PLR and disease disability.

It  is thought  that MLR may have a role in di-
sability in MS by contributing to the proinf-
lammatory process. Hemond et al. reported 
higher levels of MLR in the progressive MS su-
btype compared to the relapsing MS subtype.
They found a strong correlation between high 
EDSS scores and increased MLR levels in MS 
patients. They reported that although incre-
ased MLR level did not affect T2 hyperintense 
lesion volume on MRI, it was strongly associ-
ated with brain atrophy (6). In our findings, 
MLR levels were significantly higher in MS 
patients than in controls and in RRMS in the 
remission period compared to the attack pe-
riod. Contrary to the study by Hemond et al., 
MLR was higher in the form of MS with relap-
ses in our study. There was no significant rela-
tionship between disease disability and MLR.

The relationship of various platelet markers, such 
as mean platelet volume (MPV), with inflamma-
tion and thrombosis, has been investigated. A 
relationship between thrombosis and many di-
seases with inflammation and platelet activati-
on has been determined (29).While Uzar et al. re-
ported no difference in MPV levels between MS 
patients and the control group (30). In our study, 
MPV level was statistically significantly higher 
in MS patients than in controls. There was no as-
sociation between disease disability and MPV. 

Oxidative stress is considered to shorten the 
effective erythrocyte lifespan and increase he-
molysis susceptibility (31). It was suggested 
that neurohumoral activation might also ca-
use an increase in RDW by increasing aniso-
cytosis and that proinflammatory cytokines 
inhibit erythropoietin-induced erythrocyte 
maturation, resulting in increased RDW (32). 
Decreased erythrocyte deformability also inc-
reases RDW (33). Another hypothesis is that 
RDW may be increased, as enzymes produced 
by leukocytes cause changes in the red blood 
cell membrane (e.g., decrease in sialic acid), re-
sulting in changes in cell shapes (34). In some 
studies, it was reported that RDW is increa-
sed in various inflammatory events (35 - 37). 

Recent studies revealed that RDW is increased 
in stroke and MS (5, 38). RDW can be a useful 
marker for predicting disability status and tre-
atment efficacy in patients with MS. Peng et al. 
found a higher RDW value in MS patients than 
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healthy controls and found a positive correlati-
on between EDSS and RDW. They reported that 
the RDW values of 109 RRMS patients who rece-
ived Rebiff treatment were lower than the RDW 
value measured after starting Rebiff treatment 
(5). In our study, RDW was higher in MS than 
the controls. It was seen that RDW increased as 
the duration of the disease increased, the num-
ber of attacks increased and EDSS progressed. 

The SIII is highlighted as a new inflammatory 
marker calculated from platelet, lymphocyte, 
and neutrophil counts. SIII is associated with the 
severity and prognosis of acute stroke (39). Mei 
et al. found that the SIII value measured 30 days 
after the treatment in patients with a diagnosis 
of autoimmune encephalitis was higher in tho-
se who responded poorly to immunotherapy 
than in those who responded well. They em-
phasized that SIII is a potential biomarker that 
can be easily used to predict the prognosis of 
the disease and whether immunosuppressive 
therapy can be initiated (40). In Saçmacı et al.'s 
study, SIII was higher in MS patients. They found 
a significant relationship between EDSS and SIII 
and stated that a high SIII value could be an ef-
fective prognostic marker in demonstrating di-
sease disability in MS (8). In our study, there was 
no difference between groups in SIII, and we did 
not find any correlation with disease disability.

In conclusion, MLR, PLR, RDW, MPV and SIII, 
which are included in routine whole blood 
analysis, can be considered as quickly ac-
cessible, practical and inexpensive markers 
for evaluating inflammation for MS patients. 
The fact that MLR and PLR are higher in the 
RRMS remission period compared to the attack 
period can be clarified by prospective studies in 
a large number of patients. It can be assumed 
that MLR and RDW are more predictive markers 
than PLR and NLR in evaluating inflammation. 
Due to the possibility of drugs used in MS tre-
atment possibility of doing lymphopenia, just 
looking at the lymphocyte count may be mis-
leading in assessing the degree of inflammati-
on. The fact that RDW is higher in MS patients 
than in controls and is affected by disease di-
sability indicates that RDW has an essential 
role in the follow-up of MS patients in evalu-
ating treatment response and severity of the 

disability. Hence, further prospective studies 
with larger numbers of patients are needed. 

Acknowledgment 

We thank all our patients and volunteers who 
participated in the study.

REFERENCES

1. Hemmer B, Kerschensteiner M, Korn T. Role of the 
innate and adaptive immune responses in the course of 
multiple sclerosis. Lancet Neurol. 2015;14:406–19. 

2. Dendrou C, Fugger L, Friese M. Immunopathology of 
multiple sclerosis. Nat Rev Immunol. 2015;15(9):545-58.

3. Dargahi N, Katsara M, Tselios T, et al. Multiple sclerosis: 
immunopathology and treatment update. Brain Sci. 
2017;7(7):78. 

4. 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. 

5. Peng YF, Cao WY, Zhang Q, Chen D, Zhang ZX. 
Assessment of the relationship between red cell 
distribution width and multiple sclerosis. Medicine 
(Baltimore). 2015;94(29):1182.

6. Hemond C, Glaz B, Bakshi R, Chitnis T, Healy B. The 
neutrophil-to-lymphocyte and monocyte-to-lymphocyte 
ratios are independently associated with neurological 
disability and brain atrophy in multiple sclerosis. BMC 
Neurology. 2019;19:23. 

7. Hao X, Li D, Wu D, Zhang N. The relationship between 
hematological indices and autoimmune rheumatic 
diseases (ARDs), a meta-analysis. Sci Rep. 2017;7:10833.

8. Saçmacı H, Aktürk T, Tanık N. The Predictive Value of 
the Systemic Immune-inflammation Index as a New 
Prognostic Marker for Disability in Patients with Multiple 
Sclerosis. Turk J Neurol. 2021;27:133-9.
9. Contentti E, López PA, Criniti J, et al. Platelet-to-
lymphocyte ratio differs between MS and NMOSD at 
disease onset and predict disability. Mult Scler Relat 
Disord. 2022;58:103507.

10. Arhan M, Onal I, Tas A, et al. The role of red cell 
distribution width as a marker in inflammatory bowel 
disease. Turk J Med Sci. 2011;41(2):227-34.

11. Dziedzic A, Bijak M. Interactions between platelets 
and leukocytes in pathogenesis of multiple sclerosis. Adv 
Clin Exp Med. 2019;28(2):277-85.

12. Liu X, Shao S, Wang L, et al. Predictive value of the 
systemic immune-inflammation index for intravenous 
immunoglobulin resistance and cardiovascular comp-
lications in Kawasaki disease. Front Cardiovasc Med. 
2021;24;8:711007.



13. Thompson AJ, Barwell BL, Barkhof F, et al. Diagnosis 
of multiple sclerosis: 2017 revisions of the McDonald 
criteria. Lancet Neurol. 2018;17(2):162-73.

14. Kurtzke JF. Rating neurologic impairment in multiple 
sclerosis: an Expanded Disability Status Scale (EDSS). 
Neurology 1983;33:1444-52. 

15. Çinar BP, Yorgun YG. What we learned from the history 
of multiple sclerosis measurement: expanded disability 
status scale. Noro Psikiyatr Ars. 2018;55:69-75.

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

17. Soulika AM, Lee E, McCauley E, et al. Initiation and 
progression of axonopathy in experimental autoimmune 
encephalomyelitis. J Neurosci. 2009;29:14965–79.

18. Horstman LL, Jy W, Ahn YS, et al. Role of platelets in 
neuroinflammation: a wide-angle perspective. J Neuro-
inflam. 2010;7:10.

19. Semple JW, Italiano JE, Freedman J. Platelets and the 
immune continuum. Nat Rev Immunol. 2011;11:264–74.

20. Hershko KA, Hadi E, Asali A, et al. Neutrophils 
to lymphocytes ratio and platelets to lymphocytes 
ratio in pregnancy: a population study. PLoS One. 
2018;13(5):e0196706. 

21. Zahorec R. Ratio of neutrophil to lymphocyte counts-
rapid and simple parameter of systemic inflammation 
and stress in critically ill. Bratisl Lek Listy. 2001;102(1):5-
14.

22. Yang DH, Qian MZ, Wei MM, et al. The correlation of 
neutrophil-tolymphocyte ratio with the presence and 
activity of myasthenia gravis. Oncotarget. 2017;8:76099-
107. 

23. Saliba W, Barnett-Griness O, Elias M, Rennert G. 
Neutrophil to lymphocyte ratio and risk of a first episode 
of stroke in patients with atrial fibrillation: a cohort study. 
J Thromb Haemost. 2015;13:1971-9. 

24. Lattanzi S, Cagnetti C, Provinciali L, Silvestrini 
M. Neutrophil-tolymphocyte ratio and neurological 
deterioration following acute cerebral hemorrhage. 
Oncotarget. 2017;8:57489-94. 

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. Al-Hussain F, Alfallaj MM, Alahmari AN, et al. 
Relationship between neutrophil-to-lymphocyte ratio 
and stress in multiple sclerosis patients. J Clin Diag Res. 
2017;11:1–4.

27. Guzel I, Mungan S, Oztekin ZN, Ak F. Is there an 
association between the expanded disability status scale 
and inflammatory markers in multiple sclerosis. J Chinese 
Med Assoc. 2016;79:54–7.

28. Smith RA, Bosonnet L, Ghaneh P, et al. The 
plateletlymphocyte ratio improves the predictive value 
of serum CA19-9 levels in determining patient selection 
for staging laparoscopy in suspected periampullary 
cancer. Surgery. 2008;143:658-66.

29. Gasparyan AY, Ayvazyan L, Mikhailidis DP, Kitas GD. 
Mean platelet volume: a link between thrombosis and 
inflammation? Curr Pharm Des. 2011;17:47-58.

30. Uzar E, Arıkanoğlu A, Yücel Y, et al. Investigation of 
Mean Platelet Volume in Patients with Multiple Sclerosis. 
Turk Norol Derg. 2011;17:185-8.

31. Marinkovic D, Zhang X, Yalcin S, et al. Foxo3 is required 
for the regulation of oxidative stress in erythropoiesis. J 
Clin Invest. 2007;117:2133-44.  

32. Fukuta H, Ohte N, Mukai S, et al. Elevated plasma 
levels of B-type natriuretic Peptide but not C-reactive 
protein are associated with higher red cell distribution 
width in patients with coronary artery disease. Int Heart 
J. 2009;50:301-12.

33. Patel KV, Mohanty JG, Kanapuru B, et al. Association 
of the red cell distribution width with red blood cell 
deformability. Adv Exp Med Biol. 2013;765:211–6.

34. Piagnerelli M, Boudjeltia KZ, Brohee D,  et al. Alterations 
of red blood cell shape and sialic acid membrane content 
in septic patients. Crit Care Med. 2003;31:2156-62.

35. Tecer D, Sezgin M, Kanık A, et al. Can mean platelet 
volume and red blood cell distribution width show 
disease activity in rheumatoid arthritis? Biomark Med. 
2016;10:967-74.

36. Song CS, Park DI, Yoon MY, et al. Association Between 
Red Cell Distribution Width and Disease Activity in 
Patients with Inflammatory Bowel Disease. Digest Dis Sci. 
2012; 57:1033-8.

37. Yuksel O, Helvaci K, Basar O, et al. An overlooked 
indicator of disease activity in ulcerative colitis: mean 
platelet volume. Platelets. 2009;20:277-81.

38. Ani C, Ovbiagele B. Relation of baseline presence 
and severity of renal disease to long-term mortality in 
persons with known stroke. J Neurol Sci. 2010;288:123-8. 

39. Hou D, Wang C, Luo 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. 2020;26:1–6.

40. Mei Y, Yang J, Yuan Y, et al. Systemic Inflammation 
Index Values Are Associated With Worsened Disease 
Severity and Poor Response to Autoimmune Encephalitis 
Treatment. Front. Neurol. 2021;12:709553. 

321


