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ABSTRACT

Objective: Multiple sclerosis (MS) is a non-traumatic neurological
disease that often affects young adults and causes disability. Because
there is no curative treatment that can provide full recovery, it is
important to make an early diagnosis and slow the course of disease
with current drugs. This study aimed to evaluate and compare some
blood parameters and their ratios to each other that can provide an
advantage in early diagnosis.

Methods: We compared changes in blood parameters and their ratios
to each other between healthy controls (95) and MS patients (95). The
MS group was evaluated in three periods: the new diagnosis period, in
which patients did not use any medication for MS, the relapse period,
and the 6-month attack-free remission period.

Results: The results revealed that the neutrophil-to-lymphocyte ratio
(NLR) and erythrocyte-to-lymphocyte ratio increased in MS patients,
especially during the attack period. It was remarkable that the
erythrocyte-lymphocyte ratio was significantly higher than that in the
control group in all three MS periods.

Conclusion: NLR is considered a neuroinflammation marker. It is
argued that NLR reflects systemic inflammation better than neutrophil
and lymphocyte counts alone. In addition, in our data, the ratio of
erythrocytes to lymphocytes was significantly higher in MS patients.
Currently, there is no effective laboratory marker for the diagnosis of
MS. We have concluded that complete blood count parameters and
their ratios to each other can be biomarkers that can provide early
diagnosis of MS.

Keywords: Multiple sclerosis, blood biomarkers, neutrophil-to-
lymphocyte ratio, erythrocyte-to-lymphocyte ratio
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Amag: Multiple skleroz (MS), siklikla geng yetiskinleri etkileyen ve yeti
kaybina neden olan travmatik olmayan bir nérolojik hastaliktir. Tam
iyilesmeyi saglayacak kiratif bir tedavi olmadigi igin erken tani koymak
ve mevcut ilaglarla hastaligin seyrini yavaglatmak 6nemlidir. Erken
tanida avantaj saglayabilecek bazi kan parametrelerinin ve birbirlerine
oranlarinin degerlendirilmesi ve karsilastirilmasi amaglandi.

Yontemler: Saglikli kontroller (95) ve MS hastalari (95) arasinda kan
parametrelerindeki degisiklikleri ve bunlarin birbirlerine oranlarini
karsilastirdik. MS grubu, MS igin herhangi bir ila¢ kullaniimayan yeni
tani dénemi, atak donemi ve 6 aylk ataksiz remisyon dénemi olmak
lizere 3 dénemde degerlendirildi.

Bulgular: Sonuglar, MS hastalarinda 6zellikle atak déneminde notrofil-
lenfosit oraninin (NLR) ve eritrosit-lenfosit oraninin arttigini ortaya
koydu. Ug MS déneminin tamaminda eritrosit-lenfosit oraninin kontrol
grubuna gore anlaml olarak yiksek olmasi dikkat gekiciydi.

Sonug: NLR, bir néroenflamasyon belirteci olarak kabul edilmektedir.
NLR’nin sistemik enflamasyonu tek basina nétrofil ve lenfosit
sayimlarindan daha iyi yansittigi disintlmektedir. Ayrica verilerimizde
MS hastalarinda eritrosit-lenfosit orani anlamli olarak daha yiksekti.
MS tanisi igin heniz etkili bir laboratuvar belirteci bulunmamaktadir.
Bu ¢alisma sonucunda tam kan sayimi parametrelerinin ve birbirlerine
olan oranlarinin MS igin erken tani saglayabilecek biyobelirte¢ olma
potansiyeline sahip oldugu kanisina vardik.

Anahtar Sozciikler: Multiple skleroz, kan biyobelirtegleri, nétrofil-
lenfosit orani, eritrosit-lenfosit orani
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INTRODUCTION

Multiple sclerosis (MS) is a central nervous system disease that does
not have a blood-based biomarker that can provide a diagnosis and
causes disability especially by affecting young adults (1). Because
there is no curative treatment, it is important to make an early
diagnosis and slow the course of the disease with current drugs. Early
diagnosis and treatment of MS are important to avoid permanent
neurological damage (2).

MS causes visual disturbances (such as optic neuritis), brain stem and
spinal cord damage, and cortical damage in patients. Patients usually
consult a doctor for weakness in the extremities, loss of sensation,
and vision problems (3). The worldwide increase in the incidence
of MS, which can cause these serious problems in patients, brings
along socioeconomic problems (4). Therefore, it is important to
conduct studies for developing curative treatment, early diagnosis,
and rapid initiation of treatment.

It is stated that various genes, inflammatory processes, virus
infections, and various exposures may be effective among the
possible causes of MS, but its exact etiology is still unknown (5).
Systemic inflammation is thought to be a factor in MS as in many
other diseases. Systemic inflammation, which causes chronic
neurodegeneration and activates proinflammatory cytokines and
the immune system, also plays an important role in MS (6).

The ratios of complete blood count parameters to each other,
especially the neutrophil-to-lymphocyte ratio (NLR), are being
investigated for use in the early and easy diagnosis of various
diseases (7,8). It has been argued that the NLR, which is considered
a neuroinflammation marker, reflects systemic inflammation better
than neutrophil and lymphocyte counts alone (9). In addition,
different blood parameters such as platelet-to-lymphocyte ratio or
monocyte-to-lymphocyte ratio have been tested as MS diagnostic
markers (10,11). We suggest that the red blood cell (RBC) to
lymphocyte ratio can be used to predict MS, and various other ratios.

For MS, which is difficult to diagnose, blood parameters that may
be associated with the disease can be scanned during medical
examination, and patients who are deemed necessary can be
directed for further investigations. The use of these parameters may
be beneficial in the referral of people with clinical symptoms of MS,
who are at risk and suspected of the disease, for further examinations
without wasting time. This study aimed to evaluate the suitability of
blood parameters that can be used for the diagnosis of MS.

MATERIALS AND METHODS

Data Source

The blood test results of patients who were treated at Kiitahya
Health Sciences University, Evliya Celebi Training and Research
Hospital between 1 December 2017 and 1 December 2022 were
retrospectively scanned for this study. Ethical approval for this study
was obtained from the Ethics Committee of Non-Interventional
Clinical Researches of Kiitahya Health Sciences University Faculty of
Medicine (approval number: 2022/07-05, date: 22.06.2022). In this
study, which was conducted as a retrospective archive investigation,

informed consent was not required. The individuals included in
the study are described in Figure 1. This study was conducted in
accordance with the Declaration of Helsinki.

Serum iron, hemoglobin, hematocrit, red cell distribution width
(RDW), white blood cell (WBC), RBC, neutrophil, lymphocyte, NLR,
RBC/lymphocyte, and RBC/neutrophil values of patients and healthy
controls were investigated. Blood parameters were determined in
the hospital laboratory using an AutoAnalyzer.

Study Cohort

Ninety-five healthy controls were included in this study. While
selecting the control group, attention was paid to the fact that the
individuals were between the ages of 20 and 70 years, had no MS
diagnosis, and had no diagnosis of chronic heart, liver, and kidney
disease or malignancy. The MS group included 95 patients aged
between 20 and 70 years with a diagnosis of MS. The control group
was formed to match the MS group in terms of age and gender (Table
1). MS group data were evaluated in three periods: the new diagnosis
period, when the patients did not use any medication for MS (naive
group), the relapse period, and the remission period without an
attack for 6 months. The data of the same 95 MS patients included in
the group during the drug-free, attack, and remission periods were
compared with each other and with the healthy controls.

Statistical Analysis

Statistical analysis was performed using the Statistical Package of
the Social Science (SPSS) program with version 20 (IBM SPSS Corp.;
Armonk, NY, USA). Quantitative data are given as mean * standard
deviation. The conformity of the data to the normal distribution was
determined by the Kolmogorov-Smirnov test. An unpaired t-test
was used for normally distributed variables. The Mann-Whitney U
test was used for variables that did not show normal distribution.
The Wilcoxon test was used for pairwise comparisons of MS groups.
P-value <0.05 was considered statistically significant.

RESULTS

Hemoglobin, hematocrit, and RBC values were found to be higher in
the MS patient groups (p<0.05). Serum iron was significantly higher
in the MS-remission group than in the control group (p<0.05). The
RDW value was found to be higher in the control group than MS
groups (p<0.05). Lymphocyte counts were low in the MS groups,
whereas neutrophil counts were lower in the control group than in
the MS groups (p<0.05) (Table 2, 3).

There was no difference in the RBC/neutrophil ratio between the
groups, whereas the NLR was higher in the MS-relapse and MS-naive
groups than in the control group (p<0.05). The RBC/lymphocyte ratio
was found to be higher in all MS groups than in the control group
(p<0.05) (Table 4).

In the comparison of MS groups within themselves, neutrophil
and WBC counts were lower in the MS-remission group than in
the relapse and naive groups. The lymphocyte count was higher in
the MS-remission group than in the other groups and close to the
control group (p<0.05). When the ratios were examined, while the
NLR did not show a difference compared with the control in the
MS-remission group, the RBC/Lymphocyte ratio had a significant
difference (p<0.05) (Table 4).
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Patients registered in Kutahya Health
Sciences University Evliya Celebi
Training and Research Hospital
information network

[

95 men and women between ages of 20
and 70 were selected as healthy controls
Exclusion Criterias:

Chronic heart, liver and kidney diseases,
active malignancy and having a diagnosis
of MS

[

|

95 men and women between ages of 20
and 70 were selected for MS group
Exclusion Criterias:

Chronic heart, liver and kidney diseases,
active malignancy

l

[

The data of patients and healthy controls
registered to the hospital between 1
December 2017 and 1 December 2022
were retrospectively scanned and the
data were evaluated

Figure 1. The workflow of this retrospective cohort study and the inclusion and exclusion of individuals.

Table 1. Age and sex characteristics

MS group Control group
Age’ 37 (22-69) years 35 (21-65) years
Gender (male/female) 33/62 35/60

"Average value and bottom-top values, MS: Multiple sclerosis.

Table 2. Serum Fe, hemoglobin, hematocrit, and RDW levels

Serum Fe Hemoglobin Hematocrit RDW
Control 73.25%32.7 13.29%1.7 39.32¢4.7  14.09%1.9
MS-naive 80.15+36.6  16.4+1.8" 41.61+4.6" 13.7411.6"
MS-relapse 76.8432.4°  14.01+1.7"" 41.57+4.4" 13.68%1.6
MS-remmission  83.16+36.5" 14.16+1.8" 41.92+4.8" 13.9+1.7

Data are given as mean + standard deviation. “Compared to control group,
p<0.05, “"Compared to MS-naive group, p<0.05, MS: Multiple sclerosis, RDW:
Red cell distribution width.

DISCUSSION

MS is a chronic autoimmune disease that may cause persistent
neurological disabilities due to inflammation of the myelin sheath
around the nerves (12). When MS is diagnosed, the disease may
progress at different severities in patients. The prognosis varies
depending on the type of MS and personal factors (13). Although
there are drugs that show positive effects in the treatment of MS,
there is no curative treatment yet (14). Therefore, it is important
to diagnose and start treatment before permanent neurological
damage occurs. Easily accessible and inexpensive blood parameters
and their ratios can be used for the diagnosis of MS.

While a study found higher RBC levels in MS (15), a group of studies
found unchanged RBC levels in MS (16,17). According to these
studies, RBC and RBC-related blood parameters may increase in MS,
but they do not tend to decrease (15-17). Similarly, in our study,
hemoglobin, hematocrit, serum iron, and RBC levels were found to
be higher in the MS groups. However, studies have indicated that the
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functions of erythrocytes may be insufficient and that erythrocyte
deformability may decrease in MS patients (18-20).

The elevation in RBC and RBC-related parameters in MS seems to
be because erythrocyte count is less affected by neuroinflammation
and neuromodulatory drug use than leukocytes. However, despite
high RBC, hemoglobin, and hematocrit levels, it is thought that
erythrocytes may be dysfunctional in MS. Anemia of chronic disease,
for example, causes suppression in the production of erythrocytes
and shortening of life span, but leads to moderate anemia (21). As
a result, we believe that the presence of inflammation impairs the
functions of erythrocytes rather than reducing their number.

In addition, the fact that MS patients consult a doctor and perform
tests more frequently compared with age- and gender-matched
controls may have prevented possible anemia. Similarly, it is thought
that before the diagnosis is made, there are frequent doctor visits in
line with the complaints of MS patients.

Compared with leukocyte counts, erythrocyte counts are less
affected by neuroinflammation caused by MS (22,23). In addition,
neuromodulatory drugs used by MS patients may cause changes in
the number of leukocyte types (23,24). Consistent with the higher
RBC, hemoglobin, hematocrit, and serum Fe values in the MS groups,
the RDW value was also higher in the control group.

In our data, the number of lymphocytes from leukocytes was low
in the MS groups, whereas the number of neutrophils was high
in the MS-naive and MS-relapse groups. However, the neutrophil
count was similar to the control group in the MS-remission group.
Therefore, NLR was found to be significantly higher in the MS-naive
and MS-relapse groups than in the control group, while there was no
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Table 3. WBC, RBC, neutrophils, and lymphocytes

WBC
Control 7.46%2.5
MS-naive 7.44+3.4
MS-relapse 7.65£3.4

MS-remmission 6.77£2.2"7"

RBC Neutrophil Lymphocyte
4.57+0.6 4.81+2.2 2.1#1
4.84+0.4" 4.94+2.9 1.7940.8"
4.81+0.4" 5.23+2.9 1.72+0.8"
4.8610.3" 421167 1.94+0.7"

Data are presented as mean * standard deviation. "Compared with control group, p<0.05, “"Compared with MS-naive group, p<0.05.

wxk

Compared with MS-

relapse group, p<0.05. MS: Multiple sclerosis, WBC: White blood cell, RBC: Red blood cell.

Table 4. The ratios

NLR
Control 2.9+1.6
MS-naive 3.73+2.2°
MS-relapse 4.2242.1°
MS-remmission 2.64+1.6

RBC/lymphocyte RBC/neutrophil
2.49+1 1.13+0.4
3.8£1.6" 1.12+0.4
3.92+2.2° 1.1+0.3

3.14+2° 1.29+0.4

Data are presented as mean * standard deviation. "Compared with control group, p<0.05 MS: Multiple sclerosis, NLR: Neutrophil lymphocyte ratio, RBC: Red

blood cell.

differenceinthe MS-remission group from the control. NLR is a marker
recommended for use in various diseases to show inflammation (25-
27). In our data, NLR was found to be higher in the MS-naive and
MS-relapse groups. However, the lack of significant difference in
the remission group suggests that it may not be sufficient for the
diagnosis of MS patients who have not been diagnosed yet and
who are not in the attack phase. In addition to neuroinflammation,
the drugs used by MS patients change the number of neutrophils
and lymphocyte leukocytes depending on the active substance of
the drug. Therefore, it cannot be seen as a reliable biomarker that
can make a definitive diagnosis (7,28). As a matter of fact, in various
studies in the literature, no significant difference was found between
the MS and control groups in terms of NLR (7). These differences
may be because the patients are in an attack or remission period
or the type of drug they use. However, the high NLR in MS patients
seems to be due to a decrease in the lymphocyte count rather than
an increase in the neutrophil count. Therefore, we suggest that the
ratio of preserved erythrocytes to lymphocytes, which generally
decreases in MS patients, although they are not functional, may be
a more useful indicator.

Because the RBC/Lymphocyte ratio is both easily accessible and
applicable and can be obtained in a minimally invasive way by venous
blood collection, it may be beneficial for people with suspected
MS. In people with symptoms suggestive of MS, the evaluation of
this rate in primary health care institutions and referral for further
evaluations if it is found to be high may facilitate the diagnosis.
Studies should be carried out to be able to call the found value high
and to determine the alarm value.

Conclusion

In this retrospective study, blood-based parameters and their ratios
to each other were analyzed and evaluated to facilitate the diagnosis
of MS. It was found that the MS groups at different periods differed
from the control in various blood parameters. It was concluded that
RBC/Lymphocyte, which can be used as a marker, may be more

reliable for MS prediction than NLR. However, further studies should
be conducted to determine at what value the RBC/Lymphocyte ratio
should be referred to a neurologist for MS evaluations. In addition,
the potential of this ratio to provide differential diagnosis of MS
with other diseases and its specificity and sensitivity as a biomarker
should be evaluated. The possible effects on post-diagnosis
treatment strategies should also be determined by further studies.
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