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Summary
Background. Multiple sclerosis (MS) is the most common demyelinating disease of the cen-
tral nervous system (CNS). It mostly affects young people. Pathological lesions cause destruc-
tion of myelin sheath around axons and impede transmission of nerve impulses in CNS. The 
diagnosis of MS is based on clinical evaluation, biochemical blood tests and cerebrospinal fluid 
tests as well as on imaging. The study aim was assessment of blood counts of MS patients. 
Materials and methods. The study group comprised 189 people (77 healthy) and 112 MS 
patients treated at the Department of Neurology of the Medical University of Lublin. Param-
eters of EDTA anticoagulated whole blood were determined on the Advia 2012i analyzer. Sta-
tistica 12.5 program was used for statistical analysis. 
Results. Patients evaluated with regard to clinical condition and disease progression dem-
onstrate differences in RBC count, hemoglobin, hematocrit and mean corpuscular volume 
(MCV). RBC count of patients with relapsing-remitting MS (RRMS) was lower (Me = 4.73 
million/μl) than for patients with secondary progressive MS (SPMS) (Me = 5.03 million/μl).  
Additionally, differences in hemoglobin level were observed between RRMS patients (Me = 
13.9 g/dl) and SPMS patients (Me = 14.7 g/dl). Significant differences were also observed 
in hematocrit; (Me = 40.5%) for RRMS and (Me = 44%) for SPMS patients. Differences in 
MCV between the examined groups of MS patients and the control group were not statistically 
significant. The same referred to differences in WBC count; (Me = 6.95 thousand/μl) for MS 
patients and (Me = 6.59 thousand/μl) for control group as well as platelet count; (Me = 237.5 
μs/μl) for SM patients and (Me = 252 thousand/μl) for controls. 
Conclusion. Analysis of blood parameters reveals significant differences between MS patients 
and controls as well as differences between RRMS and SPMS patients with regard to red blood 
cells. An in-depth analysis also in terms of disease duration and stage of clinical advancement 
may be a valuable source of information on the overall condition of MS patients. 
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Introduction

Multiple sclerosis is an example of a neurode-
generative disease leading to progressive damage of 
neurons and patient’s disability. The incidence rate of 
MS is growing and in Poland the number of MS cases 
is estimated at more than 40 thousand with 2000 
new cases recognized each year. The main age group 
affected are people between 20 and 40 years of age 
[1]. MS diagnosed before the age of 16 is generally 
defined as pediatric-onset MS while MS recognized 
after the age of 50 is defined as late, adult-onset MS. 
The latter is associated with worse prognosis, rapid 
progress and more severe symptoms. Women are 
diagnosed with MS twice as often as men, which 
is related to higher estrogen levels [2, 3]. It is esti-
mated that MS can shorten the life expectancy by 
6–7 years on average. Death may occur as result of 
neurological complications and immobilization [4–6]. 
The MS incidence is also correlated with latitude; the 
further the distance from the Equator, the higher the 
MS risk. This may be explained by reduced exposure 
to sunlight and reduced vitamin D synthesis, which 
acts as immunomodulating agent. It has also been 
reported that MS is more common in people with 
light skin pigmentation [7, 8]. 

Multiple sclerosis is a chronic disease that affects 
the central nervous system (CNS). It presents with 
demyelination lesions in the brain and spinal cord, by 
inflammation processes, degradation of axonal myelin 
sheaths and destruction of glial sheaths [9]. As a re-
sult, the electrical impulses from the brain do not flow 
smoothly to the target nerve which is the underlying 
cause of MS. Clinical symptoms of the disease vary de-
pending on the demyelination site. The most common 
include: muscle weakness, numbness, tingling, stiff-
ness, vision problems, dizziness, impaired balance and 
coordination [10, 11]. At a later stage of the disease 
the patient often experiences spasticity and muscle 
spasms. Lesions within the spinal cord may lead to 
bladder and bowel disorders [12, 13]. Other possible 
paroxysmal symptoms are: Lhermitte’s sign (upon 
movement of the neck a person may experience an 
electric shock-like sensation) and Uhthoff’s syndro-
me (temporary blurred vision after physical activity, 
fever, or hot bath). A typical course of MS is marked 
by relapses (worsening of neurological symptoms or 
occurrence of new 24-hour episodes) followed by re-
missions (the intervals between relapses when symp-
toms improve or disappear). The average number 
of relapses is specific for each patient. Patients may 
be grouped into four major categories based on the 
course of the disease: Relapsing-Remitting (RRMS), 
Secondary Progressive (SPMS), Primary Progressive 

(PPMS) and Progressive Relapsing (PRMS) [14–16]. 
During the course of the disease inflammatory infil-
trates are observed in histopathological imaging as 
sign of the defensive reaction of the organism. MS 
is therefore said to be an autoimmune inflammatory 
neurological disease [17]. 

General aim

The diagnostic procedure of MS is difficult due 
to multifactorial etiology of the disease, multitude of 
pathological processes that occur and variety of clinical 
types of the disease. The final diagnosis is often delay-
ed. The recognition of MS is based on: evaluation of 
the patient’s clinical status, imaging, biochemical blood 
tests and cerebrospinal fluid (CSF) analysis [18–20]. 
Up to date no specific and sensitive marker for early 
diagnosis of MS has been found. It is therefore essen-
tial to conduct research in various medical disciplines 
to be able to successfully treat patients with MS. As-
sessment of patients’ blood parameters in the course 
of the disease gives the chance to gain more informa-
tion on the disease as well as shows the effect of MS 
on the patient’s organism [21]. The latest publications 
[22–24] point to the fact that simple indicators such as: 
neutrophil-to-lymphocyte ratio (NLR),monocyte-to-
-lymphocyte ratio (MLR) and platelet-to-lymphocyte 
ratio (PLR) may be promising markers in assessment 
of inflammatory response or immunization. The aim 
of this study was to perform a comparative evaluation 
of blood parameters of patients diagnosed with MS 
and in healthy volunteers, as well as to demonstrate 
that NLR, MLR and PLR may have a significant role 
to play in the process of MS diagnosis. 

Materials and methods

The study comprised a group of 189 people;  
77 were healthy volunteers (30 males and 47 females) 
aged 19–86 years and 112 were MS patients aged 
18–86 years (average 42 years) of which: 62 were 
females (55.35%) and 50 were males (44,65%). The 
patients were treated in the Department of Neurology 
of the 4th Clinical Hospital in Lublin in the period 2012 
and 2016. Various types of MS were represented and 
the average duration of the disease was 4 years. 

The largest group (67 — 59.82%) were pa-
tients diagnosed with Relapsing-Remitting MS, 
then a group diagnosed with Primary Progressive 
MS (21 — 18.75%). Seven (7 — 6.25%) patients 
were diagnosed with Secondary Progressive MS. 
Clinically Isolated Syndrome (CIS) was diagnosed 
in 17 patients (15.18%) Figure 1. Level of disability 
was measured by the Expanded Disability Status 
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Scale (EDSS). Mildly disabled patients (1–3.5 
EDSS) were 68.7% of all patients. 21.4% presented 
moderate disability (4–5 EDSS). The remaining 
(9.9%) were assigned an EDSS score of 6 to 9. 

Research material in both groups (healthy 
volunteers and MS patients) the was EDTA an-
ticoagulated whole blood collected from fasting 
patients according to standard procedures. Blood 
count parameters were analyzed by Advia 2120i 
analyser.The patients’ medical histories provided 
information on: type of MS, EDSS score and du-
ration of disease. STATISTICA 12.5 software was 
used for statistical analysis of data. 

Results

The first stage of analysis included descrip-
tive statistics of quantitative and qualitative data. 
Data distribution analysis was then performed with 
Shapiro-Wilk test. The results were out of the normal 
distribution (p < 0.05) which affected the selection of 
tests for the further stage of the statistical analysis. 
Comparisons between the study and control groups 
were performed using the Mann-Whitney U test. 
Comparisons of blood parameters between groups 
of patients with different types of MS and different 
degrees of disability were made using the Kruskal-
-Wallis test. The next stage of analysis was to per-
form calculations of NLR, MLR and PLR which were 
then compared with results for the control group. 

Table 1 presents the average blood parameters 
for the study group and control group obtained 
using the Spearman’s Rank Correlation test. 

SPMS
6.25%

CIS
15.18%

PPMS
18.75%

RRMS
59.82%

Figure 1. Percentage of MS patients with various types 
of the disease
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Figure 2. MPV level in serum of MS patients and in the 
control group. Mann-Whitney U test

Table 2. Average values of blood parameters in MS patients with different disease types 
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RRMS 5.91 4.74 14.0 40.7 87.9 29.9 33.3 240 8.9

CIS 6.60 5.07 14.8 44.5 86.4 29.2 33.6 237 7.8

PPMS 7.10 4.85 14.45 44.4 87.3 29.4 33.4 230.5 8.25

RPMS 6.44 3.93 11.9 35.9 91.3 30.3 33.1 215 8.0

SPMS 6.79 5.07 14.8 44.8 88.7 29.7 33.1 206 8.9

P = 0.019 P = 0.031 P = 0.0759 P = 0.087 P = 0.661 P = 0.651 P = 0.950 P = 0.305 P = 0.183

Table 3. Hemoglobin level of MS patients with regard to severity of the disease. X —mean, SD — standard devia-
tion, Min — minimum, Max — maximum, Me — Median

EDSS N HGB Kruskal–Wallis 
test

X SD Min. Max. Me H P

Mild degree of disability (EDSS 1–3,5) 77 13.9 1.3 9.7 16.9

8.9996 0.0111Moderate degree of disability (EDSS 4–5) 24 14.7 1.01 13.1 16.4 16.4

Severe degree of disability (EDSS 6–9) 11 13.8 1.2 11.2 15.6 15.6

The MPV value was significantly higher in 
the study group as compared to the control group  
(p = 0.001). Results are shown in Figure 2.

The analysis of basic blood parameters in 
groups of patients with different types of MS was 
performed with Kruskall-Wallis test (Table 2). 
Significant differences in WBC and RBC values 
were found between groups of patients suffering 
from various types of MS. The lowest WBC value 
was recorded for patients with Relapse-Remitting 
MS (5.91 k/μl), while the highest in patients with 
Primary Progressive MS (7.10 k/μl). The lowest 
RBC value was recorded in patients with Progres-
sive Relapsing MS (3.93 M/μl), while the highest in 
patients with Relapse-Remitting MS (5.07 M/μl).

Other blood parameters did not differ signifi-
cantly with regard to MS type. 

A significant difference (p = 0.0111) was also 
observed in HGB levels for patients with different 
EDSS scores, as shown in Table 3 and Figure 3.

The next stage of statistical analysis consisted 
in using Spearman’s Rank Correlation test for 
comparison of blood parameters, duration of ill-
ness and EDSS scores. As presented in Table 4, 
a significant positive correlation was determined 
for disease duration and platelet count (R = 0.32; p 
= 0.013) as well as for hemoglobin level and EDSS 
score (R = 0.34; p = 0.0111). A significant positive 
correlation was determined for duration of disease 
and patient’s disability (R = 0.41; p = 0.048). 
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Figure 3. Hemoglobin level of MS patients with various 
degrees of disability. 1 — light disability (1–3.5 EDSS), 2 
— moderate disability (4–5 EDSS), 3 — severe disability 
(6–9 EDSS). Kruskal-Wallis test

Table 5. P-significance coefficient for the NLR indicator in individual groups of patients with various forms of MS. 
Tukey’s RIR test 

Tukey’s test for unequal group sizes

MS type (1) M = 2.0545 (2) M = 2.5868 (3) M = 3.6004 (4) M = 2.4093 (5) M = 2.2323

RRMS (1) 0.7087 0.0003 0.9827 0.9191

CIS (2) 0.7087 0.1094 0.9989 0.9159

PPMS (3) 0.0003 0.1094 0.3583 0.0019

SPMS (4) 0.9827 0.9988 0.3583 0.9989

Control group 5) 0.9191 0.9159 0.0019 0.9989

Table 4. Correlation between blood count values and 
duration of disease and EDSS

Correlation R value P value

RBC vs. Hgb 0.84 0.030

Duration of disease vs. EDSS 0.41 0.048

PLT vs. duration of disease 0.32 0.013

Hgb vs. EDSS 0.34 0.0111

Significant data is presented in Table 4. 
The last stage of statistical analysis of blood 

parameters included the calculation of absolute 
values for neutrophil-to-lymphocyte ratio (NLR), 
monocyte-to-lymphocyte ratio (MLR) and platelet-
to-lymphocyte ratio (PLR) The analysis was per-
formed using Mann-Whitney U. test and revealed 

no significant differences between NLR, MLR 
and PLR values in the study group as compared 
to control group. The NLR value was significantly 
higher (p = 0.0201) in remission than in relapse, 
as shown in Figure 4.

Comparative analysis of NLR, MLR and PLR 
values of patients with various types of MS was 
performed with ANOVA Kruskal-Wallis test. A sig-
nificant difference (p = 0.0065) was found for 
NLR values in patients with various types of 
MS. The post-hoc Tukey’s test for unequal group 
sizes demonstrated significant differences of NLR 
value between patients with RRSM and PPSM (p 
= 0.0003) and between patients with PPSM and 
control group (p = 0.0019) (Table 5).

No statistically significant differences were 
found for NLR, MLR, PLR values with regard to 
EDSS score And there was no correlation between 
these values and age and disease duration. 
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Conclusions

1. Analysis of blood parameters reveals sig-
nificant differences in red blood cells of MS 
patients as compared to controls as well as 
among patients with various MS types. WBC 
is higher in MS patients than in control group 
due to increased activity of B-lymphocytes 
and neutrophils in pathogenesis of the disease. 
B-lymphocytes regulate the autoimmune 
response and participate in pathological pro-
cesses in the CNS [9, 25]. 

2. The statistically significant differences  
(p = 0.001) in hemoglobin levels and RBC 
values among patients with different EDSS 
scores may be ascribed to MS as a chronic 
disease and anemia in some patients.

3. The statistically significant differences in pla-
telet count between the study group and con-
trols indicate that platelets are highly active 
in some MS patients. Furthermore, by virtue 
of being adhesive to the vascular endothelium, 
they are a  rich source of anti-inflammatory 
factors involved in the immunological respon-
se of blood vessels [26]. The significantly 
lower NLR value in relapse as compared to 
that in remission suggest the participation of 
inflammatory cells (mostly lymphocytes) in 
the demyelination process. Lower NLR value 
in RRMS patients are further confirmation. 

Discussion

The regenerative capacity of the nervous 
system is limited therefore any MS related patho-
logical lesions in the brain lead to malfunction of 
the CNS. In the course of the disease there occurs 
a gradual disappearance of myelin sheath and oligo-
dendrocytes. Typically the disease is characterized 
initially by episodes of reversible neurological 
deficits, which is often followed by progressive 
neurological deterioration over time (relapse/ 
/remission). With each relapse, the neurological 
symptoms get worse. Basic blood parameters of 
MS patients differ from those of healthy volunteers. 
Furthermore, there occur differences in blood para-
meters among patients with different MS types. In 
their study Akaishi et al. [27] assessed peripheral 
whole blood parameters of MS patients to conclude 
that the number of peripheral monocytes in the 
early MS stage correlates with the clinical stage of 
the disease. This is not the case with other blood 
parameters. Bar-Or et al. [28] have demonstrated 
higher levels of two metalloproteinases (MMPs) 

expressed by monocytes of MS patients as com-
pared to healthy population. The results indicate 
that monocytes are significant markers of the CNS 
inflammation. In the future, this parameter may 
have significant prognostic value for MS diagnosis. 

In their search for a simple, low cost and repe-
titive biomarker Demirci et al. have demonstrated 
that NLR values in MS patients are significantly 
higher than in healthy people. Moreover, the NLR 
values were higher in relapse than in remission. 
They claim that NLR might be an important MS 
prognostic factor [23]. However, the authors of 
this study have arrived at completely different 
results which may be the result of different selec-
tion criteria for study cohort and control group, 
unequal group sizes and low sensitivity of the 
NLR indicator.

Moreover, the degree of disability is closely 
associated with disease duration. MS is a chronic 
disease, therefore patients who have suffered for 
15–20 years have substantially reduced mobility 
and require continuous treatment [29]. 

In their study of 44 natalizumab-treated MS pa-
tients Briedl et al. [30] demonstrated a significant 
increase in lymphocyte, monocyte and eosinophile 
counts. Pastuszak et al. [31] confirmed the effect 
of anthracycline antibiotic mitoxantrone (MTX) 
on blood count. In their study of 70 MTX-treated 
MS patients, they demonstrated a decrease of 
leukocyte, erythrocyte and thrombocyte counts. 
In the case of erythrocyte count the decrease was 
statistically significant. 

To sum up, there are statistically significant dif-
ferences in blood parameters between MS patients 
and healthy volunteers. This may be affected by 
many factors such as disease duration , type of MS or 
medication. Currently, there is an ongoing search for 
new markers and novel diagnostic tests that would 
accelerate MS diagnosis and facilitate treatment. 
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