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Abstract

Fibromyalgia syndrome (FMS) is a musculoskeletal disorder characterized by diffuse chronic
musculoskeletal pain associated with various other symptoms. Although the etiology and
pathogenesis of FMS are still unclear, it was reported to have a possible inflammatory basis. No
laboratory marker is currently available to diagnose the disease. This study aimed to search for
biomarkers useful in diagnosis of FMS. We assessed blood erythrocyte sedimentation rate (ESR),
neutrophil lymphocyte ratio (NLR), the mean platelet volume (MPV) and platelet distribution width
(PDW), and serum levels of C-reactive protein (CRP), as inflammatory markers in primary FMS
patients and their relationship with disease severity and depression scores. The study included 30
FMS patients, diagnosed according to the 2010 ACR (American Colleague of Rheumatology) criteria
and 30 normal volunteers as a control group. FMS patients filled out the Revised Fibromyalgia Impact
Questionnaire (FIQR) and Montgomery Asberg Depression Score (MADRS) as well. There was a
significant difference in the studied parameters including ESR, CRP, NLR, MPV between study
patients and control groups (p<0.05 for all). However, PDW did not differ between the two study
groups. Based on our study findings, we can conclude that serum levels of the tested inflammatory
markers including ESR, CRP, NLR, and MPV were higher in patients than in controls which makes
them of good diagnostic value in patients with fibromyalgia. Meanwhile, some of these markers,
mainly the acute phase reactants, have a positive relation with disease severity and depression
scores, which in turn affect the quality of daily living.
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Introduction in females than males with a ratio of 7:1. In
addition to chronic  widespread pain,
comorbidities might include fatigue, anxiety,
depression, irritable bowel syndrome, sleep
disorders, and memory problems.*

Fibromyalgia syndrome (FMS) is a
musculoskeletal condition that has been known
to be of unknown etiology and is more common
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FMS cannot be diagnosed solely by laboratory
tests or specific radiology techniques. Clinical
findings can be the only way to make the FMS
diagnosis. In FMS, it is important to exclude
other diseases in which these symptoms can be
common. Therefore, laboratory support is very
important in FMS diagnosis.’

In FMS, the etiology and pathogenesis are
still unclear, chronic inflammatory processes are
thought to play an important role in the
pathogenesis. Certain inflammatory protein
levels were reported to be higher in the plasma
and cerebrospinal fluid of FMS patients
signifying systemic and neuro-inflammation.’

Being one of the acute phase reaction
proteins, C-reactive protein (CRP) is synthesized
by the liver, moreover, it increases in response
to inflammatory reactions. Elevated erythrocyte
sedimentation rate (ESR) is another marker of
inflammatory reactions. Due to their ability to
estimate the presence and severity of
inflammatory diseases, both blood
examinations are widely requested by
physicians to detect and follow up of many
inflammatory and infectious conditions.”

Many studies have shown an increase in pro-
inflammatory cytokines like interleukin (IL)-8,
and IL-6 in FMS patients. Although these
biomarkers cannot be used in clinical practice
due to the high price of their commercial kits,
their subsequent changes and effect on blood
indices could be detected. In recent vyears,
neutrophil-lymphocyte ratio (NLR), the mean
platelet volume (MPV), and platelet distribution
width (PDW) were identified as important
systemic inflammatory markers.’

Being with high sensitivity and lower
specificity, NLR is introduced as a cheap, simple,
and easily available parameter. It is a dynamic
parameter with a quick response to insults and
is considered as an index of systemic
inflammation.”

MPV is considered a marker and indicator of
platelet function represented as an accurate
measure of platelet size. There is a correlation
between MPV and active inflammatory
diseases.® PDW, which measures the variation in
platelet size as it increases during platelet
activation, is thought to provide a more reliable
indicator of platelet reactivity than the MPV.

This is because PDW does not show affection
caused by single platelet distention that occurs
due to platelet swelling. PDW can identify parts
of larger platelets that are more metabolically
and enzymatically active.’

This study was designed to search for
biomarkers useful in the diagnosis of FMS.
Consequently, we evaluated blood levels of ESR,
NLR, MPV and PDW and serum levels of CRP in
primary FMS patients and their relation to each
of the disease severity and depression scores.

Subjects and Methods

This case-control study included 30 FMS
patients, diagnosed according to the 2010 ACR
Criteria,® who were presented to our clinic, and
30 normal individuals matched for age and sex
as a control group. The study was performed
from November 2021 to June 2022.

The exclusion criteria included all patients
with any other rheumatological diseases,
endocrinal diseases, anemias, viral, neurological
diseases, suspected malignancy, and any sort of
infection or inflammation in the body.

All the study groups were subjected to full
medical history taking and thorough clinical

examination to exclude any arthritis,
autoimmune, rheumatological diseases,
associated malignancies, and neurological

deficits.

Laboratory evaluation was done to exclude
other rheumatological diseases and to compare
inflammatory indices between patients and
controls. A venous blood sample (5 ml) was
withdrawn from each subject of both groups
under complete aseptic conditions. The blood
sample was divided as follows, two ml collected
in ethylenediaminetetraacetic acid tripotassium
(EDTA K3) tubes for complete blood count (CBC)
testing, two ml in anti-coagulated tubes with
citrate 1:4 for CRP testing and the last one ml
for ESR testing.

CBC was done using an automated
hematology analyzer (Sysmex XN1000, Siemens
Diagnostics- Germany), according to the
manufacturer’s instructions. CBC parameters
including NLR, MPV and PDW were calculated.
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ESR was done by the conventional Westergreen
method.

CRP was done using a latex agglutination
method where the fresh serum samples were
centrifuged before testing. Then according to
the semi-quantitative method, 50 yuL was added
next to the samples to be tested. After 2
minutes, the approximate CRP concentration in
the patient sample was calculated as follows 6 x
CRP Titer = mg/L.

In order to assess the patients’ conditions
and quality of life, FMS patients were subjected
to the Revised Fibromyalgia Impact
Questionnaire (FIQR) to determine their
disability score. It consisted of 21 questions, all
questions were based on an 11-point rating
scale from 0 to 10, where 10 is the 'worst'. All
questions were framed in the context of the
past 7 days. The FIQR was divided into three
linked sets of domains, function, overall impact,
and symptoms.’

The scoring of the FIQR is the sum of the
three domain scores and was calculated as
follows: the summed score for function (range 0
to 90) divided by 3, then the summed score for
overall impact (range 0 to 20) is not changed
and lastly, the summed score for symptoms
(range 0 to 100) was divided by 2. The total
maximal score of the FIQR is 100.°

The Montgomery Asberg Depression Rating
Scale (MADRS) was used for the assessment of
the severity of depression. It includes a 10-item
diagnostic questionnaire '°. In our study, for
clarification, it was used in Arabic, the patient’s
own language . The scoring of MADRS is as
follows, normal (0-8), mild (9-17), moderate
(18-34), and severe (>35)."

Statistical Analysis

Data were collected and revised for
completeness and consistency. The collected
data were coded, tabulated, introduced to a
personal computer, and then analyzed using the
Statistical Package for Social Sciences (SPSS)
program for Windows Version 22. Qualitative
data were presented using the frequency and its
related percentage. Quantitative data were
presented using mean and standard deviation.
The Chi-square test was used to examine the

relationship between two qualitative variables
but when the expected count is less than 5 in
more than 20% of the cells, the Fisher’s exact
test was used. The comparison between two
groups with quantitative data and parametric
distribution was done by using an independent
sample t-test. Pearson correlation was used to
examine the relation between two quantitative
variables. A probability (p-value) <0.05 was
considered significant.

Results

This study included 30 FMS patients, who were
all females (100%). Their age ranged from 21 to
55 years with mean £ SD of 33.47 + 7.3 years.
Their disease duration ranged from 0.42-19
years with mean + SD of 4.8 + 4.3. The control
group included 30 apparently healthy
individuals, who were all females (100%). Their
age ranged from 31 — 56 years with the mean *
SD of 31.4 £ 7.6 years.

Among our 30 FMS patients, according to
FIQR score,” one patient (3.33%) had mild
disease severity, 10 patients (33.33%) with
moderate disease severity, and nine patients
(30%) with severe disease severity while 10
patients (33.33%) with extreme disease
severity. FIQR assessment ranged from 37.1 -
96.1 with a mean + SD of 67.5 + 13.2.

As for MADRS scores,"”” among our 30 FMS
patients two patients (6.67%) had normal score
with no signs of depression, five patients (16.67)
with mild depression, and 19 patients (63.33%)
with moderate depression while four patients
(13.33%) with severe depression and suicidal
thoughts. Those four cases were referred to
psychiatric consultation. MADRS assessment
ranged from 10-44 with a mean * SD of 24.8 +
8.8.

Laboratory data were compared between 30
FMS patients and 30 controls which revealed
that ESR, CRP, NLR and MPV were statistically
significantly higher among cases than controls
(p=0.001, p=0.02, p=0.048 and p=0.004,
respectively). PDW was not different between
the two study groups (p>0.05), as shown in
(Table 1).
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Table 1. Comparison of the studied laboratory parameters between cases and controls.

Cases Controls
p value
Range Mean + SD Range Mean + SD

MPV (fl) 7-17.8 9.6+19 6.3-11.5 83+13 0.004
PDW (%) 10.2-22.4 14.8+3.1 12.7-18.4 146+1.5 NS
NLR 0.7-29 1.5+0.6 0.75-1.77 1.2+03 0.048
ESR (mm/h) 6-72 29.2 £20.7 2-18 841438 0.001
CRP (mg/dl) 0.3-22 46+5.7 0.1-8 2.03+1.6 0.02

P > 0.05 is not significant (NS). (An independent sample T-test was used), ESR: Erythrocyte sedimentation rate,
CRP: C-reactive protein, MPV: Mean platelet volume, PDW: Platelet distribution width, NLR: Neutrophil lymphocyte ratio.

In the 30 FMS patient group, the correlation correlation was found between FIQR and
between the laboratory markers and FIQR neither MPV nor PDW (p>0.05). A marginal
revealed a statistically significant positive significance was detected with NLR (p= 0.06)
correlation between FIQR and each of ESR (Table 2, Figure 1-2).

(p=0.027) and CRP (p=0.021). However, no

Table 2. Correlation between Revised Fibromyalgia Impact Questionnaire (FIQR) and laboratory
parameters among the fibromyalgia syndrome (FMS) patients’ group.

Correlations

FIQR
Parameters -

Pearson correlation (r) p value
ESR (mm/h) 0.4 0.027
CRP (mg/dl) 0.42 0.021
NLR 0.34 NS
MPV (fl) -0.29 NS
PDW (%) -0.19 NS

P > 0.05 is not significant (NS), (Pearson correlation was used), FIQR: Revised Fibromyalgia Impact Questionnaire,
ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, MPV: Mean platelet volume, PDW: Platelet distribution
width, NLR: Neutrophil lymphocyte ratio.
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Figure 2. Scatter plot between Revised
Fibromyalgia Impact Questionnaire
(FIQR) score and C-reactive protein
(CRP) among the fibromyalgia syndrome
(FMS) patients’ group.
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In the 30 FMS patient group, the correlation
between the laboratory markers and MADRS
revealed a statistically significant positive
correlation between MSADRS and CRP (p=0.01).

100.0000

However, no correlation was found between
MADRS with each of ESR, NLR, MPV and PDW
(p>0.05) (Table 3, Figure 3).

Table 3. Correlation between Montgomery Asberg Depression Rating Scale (MADRS) and laboratory
parameters among fibromyalgia syndrome (FMS) patients’ group.

Correlations

MADRS
Parameters -
Pearson correlation (r) p value
ESR (mm/h) 0.34 NS
CRP (mg/dl) 0.46 0.01
NLR 0.013 NS
MPV (fl) 0.042 NS
PDW (%) -0.29 NS

P > 0.05 is not significant (NS)., (Pearson correlation was used), MADRS: Montgomery Asberg Depression Rating Scale,
ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, MPV: Mean platelet volume, PDW: Platelet distribution width,

NLR: Neutrophil lymphocyte ratio
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Figure 3. Scatter plot between
Montgomery Asberg Depression Rating
Scale (MADRS) score and C-reactive
protein (CRP) among the fibromyalgia
syndrome (FMS) patients’ group

r = 0.46 Pearson correlation is positive with
medium strength
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Discussion

This study was designed to search for
biomarkers useful in diagnosis of FMS among
blood levels of ESR, CRP, NLR, MPV and PDW in
primary FMS patients and determine their
possible relation to the disease severity and
depression scores.

Among our 30 FMS patients, 18 (60%) had
elevated serum levels of ESR, with a mean + SD
of 29.2 £ 20.7. As ESR depends on concentration
of acute-phase proteins circulating in the blood,
particularly fibrinogen, ESR is a good indicator
of the overall inflammation.’ Fibrinogen, a
soluble protein, is a driver of chronic low-grade
inflammation, as it plays a key role in the acute
phase response and results in increased hepatic
expression and circulating protein.** Such
information may explain the presence of
elevated ESR among our patients and point to
the inflammatory origin of the disease.

In our study, CRP was elevated in 8 of our
patients (26.67 %). CRP is a homopentameric
protein, regarded as an inflammatory biomarker
and is used to assess the presence and severity
of inflammation.” It is one of the proteins
secreted by the liver in response to the
cytokines released due to fibrinogen signaling.
Playing a crucial role in the inflammatory
process, CRP activates neutrophils and
monocytes, promotes phagocytosis, and causes
activation of the complement system which in
turn helps in maintaining the inflammatory
process.'®

In our study, blood levels of NLR were higher
among cases and showed low inflammatory
status in 6 (20%) patients. NLR is calculated by
dividing the absolute neutrophil count by
absolute lymphocyte count from peripheral
blood cells. It is a low-cost, basic, dynamic
parameter that responds quickly to fluctuations
and accurately measures the level of
neuroendocrine stress and immune-
inflammatory response. As circulating
leukocytes' physiological reactions to stress,
injury, trauma, major surgery, bacteremia,
systemic inflammation, and sepsis are reflected
by both neutrophilia and lymphocytopenia.®

Although the results of MPV were at normal
rates, they were higher in patients than in

controls. PDW results were within the normal
range as well. Arterial and venous thrombus
formation can be enhanced by inflammation, as
inflammation is well recognized to be a
regulator of coagulation and fibrinolytic system
activity and shifts the hemostatic balance
toward a prothrombotic and antifibrinolytic
state.™ The discharge of neutrophil extracellular
traps (NETs) results in thrombus formation,
which with the help of thrombin and other
agonists plays a role in the activation of
platelets. The activation of platelets is indicated
by its indices such as PDW and MPV, which
increases with the activation.” Some studies
observed a prothrombotic state in FMS
patients.18

In 2020, Karatas & Giinduz'® reported an
increase in MPV and PDW in the presence of
inflammation. Megakaryocytes in the bone
marrow act as the progenitor cells that
determine MPV, under the effect of cytokines,
IL-6 and IL-3, that regulate megakaryocyte
ploidy as thrombopoietin. Increased MPV is
indicative of an increased platelet diameter
which can be a reflective marker of the
production rate and activation of the platelets.”

Recent reports indicated that
megakaryocytic  maturation and platelet
production and size are regulated and
maintained by various cytokines, such as IL-6,
granulocytes colony-stimulating factor (G-CSF),
and macrophage colony-stimulating factor
(MCSF). PDW is a direct measure of the platelet
size variability and a marker of its activation.”

These previous scientific data combined with
our results draw attention to the presence of
chronic low-grade inflammation in FMS
pathogenesis and that the determination of
these parameters may be an uncomplicated,
inexpensive means of improving the diagnosis
of FMS. We further analyzed our obtained data
in a trial to find out the relation between these
inflammatory markers with each of the disease
severity and depression levels.

The disease severity of our patients reflected
by FIQR ranged from 37.1 to 96.1 with a mean +
SD of 67.5 + 13.2. It was positively correlated
with each of ESR (p=0.027) and CRP (p=0.021),
as well as a marginal significance with NLR (p=
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0.06). On the other hand, no correlation was
found between FIQR with either MPV or PDW.
The wholesome idea about the quality of life
and assessment of physical function in FMS
patients can be obtained using the FIQR. Hence,
these results may indicate that inflammation
can cause reduction in the quality of life that
may in turn be exacerbated by psychological
distress creating a vicious cycle over time 2. It
was also shown that FMS symptoms and
increased disease severity often lead to
reduction in the quality of life.”®

Regarding  the  correlation between
inflammatory markers and MADRS scores for
depression, the data showed a statistically
significant positive correlation between MADRS
and CRP (p=0.01), while no correlation was
found between MADRS with each of ESR, NLR,
MPV and PDW. Accordingly, this indicates the
concept that depression has a relationship with
elevated circulating levels of inflammatory
immune markers such as CRP.** It has been
reported that CRP promotes the secretion of IL-
6, IL-1b and tumor necrosis factor (TNF)- a 16.
The most studied cytokines in the context of
psychoneuroimmunology are IL-6, TNF, IL-1b,
and interferons on the inflammatory side and
IL-10 on the resolving side. Moreover, excess, or
prolonged inflammatory cytokine activity
perturbs multiple neuronal functions including
impairment of neurotransmitter signaling,
disruption of the synthesis, reuptake, and
release of neurotransmitters. This, in turn,
affects neuro-circuit function including that
implicated in mood and cognition.”

The limitation of our study was the small
sample size of patients in comparison to the
growing number of cases. Also, the variability in
treatment modalities that were provided to the
patients could have affected their clinical and
psychological outcome. In light of the study
findings, we can conclude that the serum levels
of the tested inflammatory markers can be
considered as good indicators of ongoing
inflammatory process among FMS patients
reflecting the severity of the disease.
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