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ABSTRACT

Introduction: Multiple Sclerosis (MS), a disease of autoimmunity
and inflammation, is characterized by deterioration of the
myelin sheath that protects the nerve fibers. The high levels of
neutrophils in serum may be related to the chronic inflammation
and caused by other triggers such as infections that have been
associated with relapses in MS.

Aim: To investigate the value of Neutrophil/Lymphocyte Ratio
(NLR) as a possible marker and relationship with Depression,
Anxiety and Stress (DAS) score in MS patients.

Materials and Methods: A total of 60 MS patients and 60 age
and sex matched healthy controls were recruited for the present
study. We measured DAS score, NLR, calcium, phosphate,

INTRODUCTION

MS is a complicated chronic inflammatory demyelinating disease of
the brain [1]. The exact aetiology of MS is still unknown, however
immunologic, infectious, genetic and environmental factors are
considered to play an important role in causing this disease [2].

The high levels of neutrophils in serum may be related to the chronic
inflammation and caused by other triggers such as infections that
have been associated with relapses in MS [3]. White blood cell count
and its subtypes are markers of systemic inflammation [3,4]. NLR,
calculated by dividing neutrophils count over lymphocytes count,
has been linked to many diseases as a biomarker or a predictor
of prognosis such as schizophrenia [5], resistant hypertension
[6], myocardial infarction [7], chronic obstructive lung disease [8],
pancreatic cancer [9], and MS [10]. In MS patients, increased serum
levels of some inflammatory markers are detectable [11,12].

MS causes physical, cognitive, and emotional disorders. Depression
and anxiety are common in MS patients [13]. Pathogenesis of mood
disorders in MS is not well understood but seems multifactorial
combining direct inflammatory effect in selected CNS tissues with
neurophysiological disturbance of emotion [14], possibility of being
MS drug induced [15], and it could be patients’ response towards
physical disability as measured in expanded disability status scale
[16]. It is also not clear whether depression and anxiety share same
mechanisms; depression being more severe or they actually have
different pathogenesis. Coexisting emotional disorder may limit
treatment compliance and rehabilitation. The hypothesis of this
study was that the relationship between Depression, Anxiety and
Stress (DAS) score and inflammation using NLR can be used as a
predictive and reliable marker.

Therefore, aim of the study was the measurement of NLR, as well
as an exploratory analysis of other clinical chemistry parameters
closely related to NLR, namely serum levels of calcium, phosphate,
magnesium, chloride, Alkaline Phosphatase (AlkPhos) and Alanine
Aminotransferase (ALT) and Aspartate Aminotransferase (AST) in MS
patients and age and sex matched healthy controls in the study.
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magnesium, chloride, alkaline phosphatase, albumin in serum
levels in MS patients and in healthy controls.

Results: The mean age was not significantly different in both
case and control groups. The case and control groups were
similar in terms of sex; however, the majority of the MS group
was female. The NLR values of MS patients were significantly
higher than those of the healthy controls (p=<0.001). The NLR
values were also significantly (p<0.001) correlated with stress
score.

Conclusion: NLR could be considered as a quick, cheap,
easily measurable and inflammatory marker for assessment of
inflammation in MS patients. The role of NLR in MS must be
explored further.

Keywords: Autoimmune Diseases, Biomarker, Nervous System

MATERIALS AND METHODS

In this study, 60 MS patients were evaluated for their eligibility for
inclusion as complete clinical data containing laboratory records,
blood count (CBC) and DAS score. Sixty gender and age matched
healthy subjects without any risk factors or chronic diseases were
included as controls. Written informed consent was obtained
from each of the subject. This study was approved by the Ethics
Committee of College of Medicine, King Saud University, Riyadh,
Saudi Arabia. The study was carried out during the time period from
October 2015 until April 2016.

Biomarker Assessment, Evaluation of NLR and Other
Inflammatory Markers

After collection of all venous blood samples in the dipotassium-
Ethylenediaminetetraacetic Acid (EDTA) tubes (Beckman Coulter
UniCel DxH 800), blood cell analyser was used to measure CBC
within one hour after venipuncture. This duration is standard for our
university hospital laboratory and helps to prevent EDTA induced
swelling. Dimension RxL Max (Siemens) chemistry analyser was
used to measure all biochemistry variables.

Neutrophils and lymphocytes were extracted from the blood samples.
NLR was calculated as the ratio of neutrophil and lymphocyte count
obtained from the same blood sample.

DAS Scale-21 (DASS-21)

Arabic version of this instrument [17] was used to assess DAS of
MS patients. This tool has successfully been used in a previous
study and is recommended to evaluate neurological disorders which
appear in psycho-neuro formats [18]. This scale consists of 21
questions. Each of three subscales contains seven questions, the
scores of which are obtained by summing up the scores of related
questions. Evidences from the studies confirm the preliminary
reliability and preliminary construct validity of the Arabic version of
DASS-21 [19].
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STATISTICAL ANALYSIS

All statistical analyses were performed using the Statistical Package
for the Social Sciences for Windows version #20.0 (SPSS Inc.,
Chicago, IL, USA). The Kolmogorov Smirnov test was used
to determine normal distribution of data. Continuous variables
were expressed as mean {standard deviation (SD)} according to
distribution state. Categorical variables were expressed as numbers
and percentage. Student's t-test or Mann-Whitney U test was used
to compare the two independent groups according to distribution
state. Pearson’s correlation test was done to test for significant
correlations for (NLR and other laboratory values. Two-tailed
p-values<0.05 were considered statistically significant.

RESULTS

Among 60 MS patients, 12 (20%) were males and 48 (80%) were
females. The mean+SD age was 36.44+9.567 years. The control
group consisted of 20 (33.33%) males and 40 (66.67%) females.
The mean age+SD was 38.21+14.63 years. The mean age was not
significantly different in both groups. The case and control groups
were similar in terms of numbers; however, females were in majority
as compared to males in both groups. Among MS patients, females
were higher in number compared to males. The demographic
characteristics of the patients are summarized in [Table/Fig-1].

The mean NLR+SD was significantly higher in the case group 3.21+
3.60 compared to that of control group 1.61+2.91 (p=0.001) [Table/
Fig-2] in parallel with the increase in neutrophils and the decline in
lymphocytes in cases compared to controls.

Inthe evaluation of patients with MS, NLR showed positive correlation
with stress score (r=0.372, p<0.001) [Table/Fig-3]. Otherwise, there
were no significant correlations between other inflammatory markers
in the case group [Table/Fig-4].

Exploratory analysis of clinical chemistry parameters related to NLR
in the case and control groups:

When the case and control groups were compared with each other,
a statistically significant difference was found between the groups
in terms of RBC, NLR, glucose and Ca* (for all parameters p<0.05).
NLR, Na* and CI-were higher in the case group. On the other hand,
Cat, glucose and AlkPhos were lower in this group compared with
controls [Table/Fig-5,6].

When Mann-Whitney U test was performed with gender as factor,
in MS patients the RDW (p=0.024) was significantly higher in
females, and RBC (p<0.001), Hgb (p<0.001), and Hct (p<0.001),
were significantly lower in the females compared to males. There
were no significant differences between gender within case group
for NLR and vitamin D [Table/Fig-7].

DISCUSSION
The main findings of our study are as follows: MS group have higher
NLR, CI and Na* and, lower Ca* and glucose as compared to
healthy controls. Furthermore, NLR was positively correlated with
stress score. This study showed the relationship between NLR and
stress score in MS.

MS is a disease of axonal degeneration and demyelination leading to
unalterable damage to the CNS. The transfer of autoreactive T cells
from the blood to the CNS is the key moment in the pathogenesis
of MS, which starts a whole flow of imbalances [19,20]. Previous
studies have reported that increased neutrophils in MS patients
were related to increased number of Toll-Like Receptor 2 (TLR2),
and exhibited phenotypic changes for Formyl Peptide Receptor
1 (FPFR1), Chemokine Receptor Type 4 (CXCR) and Cluster of
Differentiation 43 (CD43) expression [19-21]. Previously in MS
patients during clinical relapses, clues of neutrophil priming [21],
expressing greater levels of medullasin [22] and neutral protease [23]
have been demonstrated. An evaluation of the level of inflammatory
status may help to determine severity of disease. We have observed
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Cases Controls
Variable
Mean+S.D. Mean+S.D.
Age 36.44+9.56 38.21+£14.63
Gender 48 Females/12 Males 40 Females/20 Males

[Table/Fig-1]: Demographic data of the case and control groups.

NLR

NR

Cases Controls

Groups

[Table/Fig-2]: Mean NLR values of the groups;

[Table/Fig-3]: The association between NLR and stress among MS patients.

Variable NLR Hct ALT Na+
Stress <0.001** .949 .551 .004*
Anxiety .066 .999 .756 179
Depression .800 357 .206 778

[Table/Fig-4]: Correlation of significant variables among cases.
* Pearson's correlation test

*. Correlation is significant at the 0.05 level (two-tailed).
**. Correlation is heighly significant at the 0.001 level (two-tailed).

Va(r:l %JI & Cases Controls -
Meanz=S.D. MeanzS.D.
WBC 6.34+3.06 6.78+2.09 0.362
RBC 4.53+0.52 4.77+0.63 0.020
Hgb 124.35+17.94 128.33+23.82 0.290
Hct 37.52+4.86 39.33+6.54 0.081
Platelet 271.25+63.73 263.94+76.37 0.563
RDW 14.84+1.76 14.9143+2.02 0.844
NLR 3.21+3.60 1.61£2.91 0.001
Eos# 0.17+0.17 0.2290+0.21 0.162
Eos% 2.62+1.78 2.89+1.77 0.423
Baso# 0.02+0.06 0.02+0.04 0.860
Baso% 0.75+0.50 0.74+1.93 0.423

[Table/Fig-5]: Laboratory data of the case and control groups.
All parameters are expressed as mean+SD values unless otherwise stated. p<0.05 was accepted

as the level of significance. Mann-Whitney test was used to compare the two groups
White Blood cells (WBC), Red Blood Cells (RBC), Haemoglobin (Hgb), Haematocrit (Hct), Red Cell
Distribution Width (RDW), Neutrophil Lymphocyte Ratio (NLR), Eosinophils (Eos), Basophils (Baso).

Variable Cases Controls
p-value
Mean=S.D. Mean+S.D.
ALT (U/) 30.82+19.50 29.15+22.70 581
AST (U/) 19.54+8.50 19.563+13.73 .884
AlkPhos (U/l) 79.22+32.36 86.87+78.55 538
Glucose (mmol/l) 5.08+2.53 6.72+3.84 .024
Ca* (mmol/l) 1.47+1.06 1.95+0.838 .045
K* (mmol/l) 3.81x1.24 4.13+0.90 415
Na* (mmol/l) 127.33+36.20 115.84+50.1 139
CI- (mmol/l) 94.69+26.97 84.00+38.21 .069

[Table/Fig-6]: Biochemistry data of the case and control groups.
All parameters are expressed as mean+SD values unless otherwise stated. P<0.05 was accepted

as the level of significance. Mann-Whitney test was used to compare the two groups.
Alanine transferase (ALT), Aspartate Aminotransferase (AST), Alkaline Phosphatase (AlkPhos), Cal-
cium (Ca), Potassium (K*), Sodium (Na*), Chloride (CI).
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Variable Gender MeanzS.D. p-value
NLR Males 3.607+3.543
0.668
Females 3.125+3.642
Vitamin D Males 58.653+31.424
0.577
Females 65.944+44.269
RBC Males 5.046+0.357
<0.001
Females 4.410+0.478
Hgb Males 144.461+13.010
<0.001
Females 119.600+15.547
Hct Males 42.707+3.954
<0.001
Females 36.305+4.237
RDW Males 13.861+0.816
0.024
Females 15.080+1.856

[Table/Fig-7]: Laboratory data among gender in MS group.
All parameters are expressed as mean+SD values unless otherwise stated. p<0.05 was accepted

as the level of significance. Mann-Whitney U test was used among the MS group for gender.

Neutrophil to Lymphocyte Ratio (NLR),
(Hct), Red Cell Distribution Width (RDW).

3ed Blood Cells (RBC), Haemoglobin (Hgb), Haematocrit

in this study that NLR was positively correlated with stress score in
MS patients.

In various chronic inflammatory diseases, the NLR, which
characterizes the balance between neutrophil and lymphocyte
levels, has been proposed as informative in systemic inflammatory
conditions [24-28]. Patients of stroke [29] and Parkinson's disease
[30] have elevated NLRs compared to controls. In this study, we
found significantly higher NLRs in MS patients than in control group.
It appears that the inflammatory response of the CNS in MS may be
dependent on the peripheral immune compartment. In Saudi Arabia,
the incidence of MS is among the highest in the world. Calculating
NLR is simpler and cheaper than measuring other inflammatory
cytokines, such as Interleukin-6 (IL-6), Interleukin-1p (IL-1p) and
Tumour Necrosis Factor-a (TNF-ar) [11,12,31-34].

A major limitation of our study is that the sample size was small.
Further investigation with large sample size could overcome this
limitation.

CONCLUSION

Novel biomarkers are desired to suggest the level of inflammation
in MS. To the best of our knowledge, this is the first clinical study to
demonstrate the increased levels of NLR and stress in MS patients.
Hence, NLR could be considered a quicker and cheaper marker
with routine CBC analysis for inflammatory marker for MS patients.
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