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Abstract

Background/Aim: Chronic inflammation may play a role in the pathogenesis of fibromyalgia syndrome
(FMS). Several hematological markers are prothrombotic, and markers of systemic inflammation.
Vitamin D (VitD) level can affect FMS and has an anti-inflammatory effect. The aim of this study is to
investigate the relationship between hematological parameters and VitD in FMS and its effect on disease
severity.

Methods: The prospective case-control study included 90 newly diagnosed female patients with FMS
(group 1) and 90 healthy volunteers (group 2). Pain and fatigue were evaluated by visual analogue scale
(VAS). Disease severity was evaluated by FMS Impact Questionnaire (FIQ) in FMS. Neutrophils,
lymphocytes, platelets, platelet distribution width (PDW) and mean platelet volume (MPV) were obtained
from complete blood count results in both groups. Neutrophil/lymphocyte ratio (NLR) and
platelet/lymphocyte ratio (PLR) were calculated. 25(OH)D concentration was measured. Patients were
divided into 3 groups according to vitamin D levels (VitD < 10 ng/ml, 10-30 ng/ml and >30 ng/ml.)
Results: The mean MPV and vitamin D levels were significantly higher in group 2 (P=0.001, P<0.001
for both), whereas median PDW was significantly higher in group 1 (P<0.001). Among FMS patients
grouped according to VitD levels, only PLR level was significantly different (P=0.049). In subgroup
analysis, PLR was significantly higher in the group with VitD < 10 ng/ml compared to the group with
vitD levels between 10-30 ng/dl (P=0.024). There was no significant relationship between VitD levels
and clinical and laboratory parameters (P>0.05). There was a significant inverse relationship between FIQ
and PLR (P=0.022).

Conclusion: VitD deficiency may be a risk factor for FMS (cut-off is<14.6 ng/ml). In FMS, high PDW
and high PLR in patients with VitD<10 ng/ml are indicative of a prothrombotic condition which can be
aggravated by inflammation. We think that complete blood count and VitD levels can support the
diagnosis and predict cardiovascular risk in FMS.
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Introduction

Fibromyalgia Syndrome (FMS) is a chronic painful
syndrome characterized by widespread pain and tender points,
accompanied by a group of symptoms including sleep
disturbance, morning stiffness, fatigue, irritable bowel [1]. FMS
can be observed alone or as a comorbidity accompanying other
rheumatic diseases [2]. It affects 2-4% of the population
worldwide and is predominant among women [3]. The etiology
and pathogenesis of FMS has not yet been clearly explained,
however, central, and autonomic nervous system dysfunction,
cytokines, neurotransmitters, hormones, immune system, and
environmental stress factors were held responsible. It is thought
that chronic inflammatory process may play a role in the
pathogenesis of fibromyalgia [4], but there are no reliable
laboratory markers that indicate disease activity or severity in
fibromyalgia. Recently, studies in FMS have focused on markers
of inflammation derived from complete blood counts because
they are cheap and easily accessible [5,6]. Simple hematological
markers such as neutrophil/lymphocyte ratio (NLR), platelet
distribution width (PDW), mean platelet volume (MPV) and
platelet/lymphocyte ratio (PLR) have been identified as markers
of systemic inflammatory response and have been reported to
support the diagnosis in FMS [7]. Platelet count, PDW and MPV
are also predictors of platelet activation and have been associated
with an increased risk of cardiovascular disease due to arterial
thrombosis. Inflammation may increase arterial and venous
thrombus formation [5,8]. Few studies in this area have reported
conflicting results regarding these parameters in patients with
FMS when compared to healthy individuals [5, 9, 10].

Vitamin D mainly affects calcium homeostasis and bone
structure [11]. However, recent research has shown that it also
influences tissues other than bone tissue. It has been assumed
that vitamin D has anti-inflammatory properties which contribute
to pain relief. In the studies, a relationship was shown between
vitamin D deficiency and chronic pain. FMS symptoms such as
fatigue, diffuse muscle pain and weakness have also been
observed in individuals with vitamin D deficiency [12].

Furthermore, a link between hypovitaminosis D and
cardiovascular risk has been established. Vitamin D exerts its
effect on the cardiovascular system by regulating inflammatory,
oxidant and immune processes leading to the progression of
atherosclerosis [13]. Vitamin D may also have a regulatory effect
on platelets, for Vitamin D receptors have been identified in
platelets. Vitamin D deficiency has been associated with
endothelial dysfunction [14].

In the light of this information, we thought that there
may be a relationship between hematological parameters known
as markers of subclinical inflammation, prothrombotic state and
serum vitamin D levels in fibromyalgia, which may affect the
severity of the disease. However, we could not reach sufficient
data in the literature review.

In this study, we aimed to investigate the relationship
between hematological parameters and serum vitamin D level in
newly diagnosed female patients with Fibromyalgia syndrome
and its effect on disease severity.
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Materials and methods

The study was conducted between November 2018 -
April 2019 in Physical Medicine and Rehabilitation outpatient
department of Bursa Yuksek Ihtisas Training and Research
Hospital. It was approved by local ethics committee (Bursa
Yuksek Ihtisas Training and Research Hospital Clinical Trials
Ethics Committee /11.04.2018/ 2011-KAEK-25 2018 / 04-10).
All participants were informed about the study and signed a
written consent form.

Female patients aged 18-65 years newly diagnosed with
FMS according to the ACR 2013 revised form [15] were
included in the study. Chronic systemic disease, inflammatory
rheumatic disease (AS, RA, SLE), having clinically or laboratory
proven acute or subacute infection, hypertension, and
dyslipidemia,  those  with  psychiatric, neurological,
endocrinological and hematological diseases, patients with
disorders of the calcium metabolism, pregnant or breastfeeding
patients, and Vitamin D, nonsteroidal anti-inflammatory and
anticoagulant drug users were excluded from the study.

The study group consisted of 90 female patients (Group
1) diagnosed with primary FMS, while the control group
consisted of 90 age and gender matched healthy volunteers
(Group 2). Age, body mass index (BMI) (kg/m?) and
demographic data of all participants were recorded. Tenderness
in FMS patients was assessed by applying 4 kg/cm? pressure on
29 specific body points. Pain and fatigue levels were evaluated
by visual analogue scale (VAS) and disease severity was
evaluated by FMS Impact Questionnaire (FIQ).

FIQ is a valid and reliable method for assessing the
impact of the disease on daily life in patients with FMS [16]. The
Turkish version of the FIQ was validated by Sarmer et al. [17].
This scale measures 10 distinctive parameters: Physical function,
well-being, inability to work, difficulty at work, pain, fatigue,
morning fatigue, stiffness, anxiety, and depression. The
maximum score for FIQ is 100 and higher scores indicate
increased disease severity. In the intensity analysis, total FIQ
scores between 0-38 represent low impact, those between 39-58
represent moderate impact, and those between 59-100 indicate
severe impact.

Five milliliters of venous blood samples were collected
from all participants from the antecubital region at 08.00 AM
after one night of fasting into tubes with tripotassium
ethylenediamine tetra acetic acid (EDTA) and studied within two
hours of collection. Hematological indices were analyzed by a
Mindray BC 6800 Haematology Analyser (M68LHLYSE,
Nanshan Shenzhen, China). Neutrophils, lymphocytes, platelets,
PDW and MPV values obtained from complete blood count were
recorded. The neutrophil/lymphocyte ratio (NLR) and
platelet/lymphocyte ratio (PLR) were calculated. 25-
hydroxyvitamin D [25(HO)D] concentration was measured by
the ELISA method. Patients with FMS were divided into 3
groups based on 25(HO)D concentration, as follows: <10 ng/ml:
Severe insufficiency, 10-30 ng/ml: moderate insufficiency, > 30
ng/ml: Normal [18].

Statistical analysis

The suitability of continuous variables to normal
distribution was examined by Shapiro Wilk test. Normally and
non-normally distributed continuous variables were expressed as
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mean (standard deviation), and median (minimum-maximum),
respectively. Categorical variables were reported as n (%). Mann
Whitney U test and independent samples t-test were used for
comparisons of continuous and discrete variables between the
FMS and control groups, and chi-square test was used for
comparisons of categorical variables. Kruskal Wallis or ANOVA
tests were used in comparisons between vitamin D groups. After
the Kruskal Wallis test, the groups were compared in pairs using
Dunn test. The correlation between hematological parameters
and vitamin D level, pain VAS, fatigue VAS and FIQ total score
were examined using correlation analysis and Spearman
correlation coefficient was calculated. Internal consistency of the
FIQ scale was examined by reliability analysis and Cronbach
alpha coefficient. Receiver operator characteristic (ROC) curve
analysis was performed to estimate the sensitivity and specificity
of vitamin D level for predicting the presence of FMS. The
Cronbach a value for the overall scale was o = 0.79. SPSS (IBM
Corp. Released 2012. IBM SPSS Statistics for Windows,
Version 21.0, Armonk, NY: IBM Corp.) was used for statistical
analysis and P<0.05 was considered statistically significant.

Results

A total of 90 female patients with FMS aged between
22-56 years (median 37.50) and 90 healthy female volunteers
aged between 21-55 years (median 41) were included in this
study. The groups were similar in terms of age, BMI, smoking
and marital status (Table 1).

There was no significant difference between the two
groups in terms of leukocyte, neutrophil, lymphocyte, platelet
values and NLR. The mean MPV level was significantly higher
and mean PDW level was significantly lower in the control
group (P=0.001, P<0.001, respectively), while Vitamin D levels
were significantly lower in the patient group (P<0.001) (Table
1).

Only PLR significantly differed between FMS patient
subgroups categorized according to vitamin D levels (P=0.049).
In subgroup analysis, PLR level was significantly higher in the
group with vitamin D level < 10 ng/ml compared to the group
with vitamin D levels between 10-30 ng/ml (P=0.024). There
was no significant difference between the groups with vitamin D
levels>30 ng/ml and <10 ng/ml according to PLR level (P=0.152
and P=0.557, respectively) (Table 2).

A significant correlation was found between vitamin D
level and age. Vitamin D levels increased with increasing age
(P=0.029). There was no significant relationship between
vitamin D levels and clinical and laboratory parameters
(P>0.05). There was an inverse significant relationship between
FI1Q score and PLR level (r=-0.024, P=0.022) (Table 3).

Receiver operator characteristic curve analysis was
performed to estimate the sensitivity and specificity of vitamin D
for predicting the presence of FMS, and the cut-off point for
vitamin D was determined as <14.66 ng/ml. The area under the
curve for vitamin D was 0.72 (sensitivity 75.56%, specificity
61.36%, P<0.001), showing that a vitamin D <14.66 ng/ml was
significantly related to an increased risk of FMS (Figurel).
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Table 1: Demographic, clinical, and laboratory characteristics of the FMS and control groups
FMS CONTROL P-value
n=90 n=90

Age (year) 37.50(22-56) 41(21-55) 0.1142

BMI (kg/cm?) 25.47(18.31-41.53) 25.95(19.72:38.63) 0.940°

Smoking 16(27.10%) 24(27.90%) 0.917°

Marital status

Single 9(10.10%) 17(19.10%)

Married 75(84.30%) 67(75.30%) 0.233

Widow 5(5.60%) 5(5.60%)

FIQ 59(20-94) - -

Pain VAS 7(0-0) - -

Fatigue VAS 8(0-10) - -

WBC (K /uL) 7.43(4.10-12.07) 7.13(3.32-12.71) 0.408?

NEU (x 103/uL) | 4.35(1.40-8.32) 4.10(1.69-9.31) 0.320*

LYM (x 103/uL) | 2.21(1.20-4.50) 2.25(0.42-4.26) 0.463°

PLT (x 10 %/ uL) 275(163-444) 262(149-469) 0.4022

PCT (%) 0.25(0.15-2.89) 0.26(0.15-0.39) 0.253°

PDW (%) 16.20(15.30-17.40) 16(15.10-16.80) <0.0012

MPV (fL) 9.37(1.58) 9.94(1.02) 0.001°

NLR 1.81(0.48-3.86) 1.73(0.78-10.69) 0.8512

PLR 114.53(52.67-263.85)  115.96(55.40-428.33)  0.7822

Vitamin D (ng/dl) | 8.50(4.20-52.85) 17.11(4.20-58.89) <0.001?

Data are presented as mean (standard deviation), median (minimum- maximum) and n%. a: Mann Whitney
U Test, b: Chi-Square Test, c: Independent samples t-test, MPV: Mean platelet volume, PDW: Platelet
distribution width, NLR: Neutrophil-lymphocyte ratio, PCT: Plateletcrit, PLR: Platelet-lymphocyte ratio,
NEU: Neutrophil count, LYM: Lymphocyte count, PLT: Platelet count, WBC: White blood cell

Table 2: Clinical and laboratory parameters according to 25(OH)D levels in patients with
FMS

Vit D< 10 Vit D 10-30 Vit D >30 P-value
n=51 n=34 n=5 d
FIQ 56(20-90) 59(21-94) 57(24-83) 0.966¢
Pain VAS 7(3-10) 7(0-10) 8(1-10) 0.948¢
Fatigue VAS 8(2-10) 8(0-10) 8(1-10) 0.962¢
WBC (K/uL) | 7.47(4.66-10.20) 7.26(4.32-12.07) 6.90(4.10-11.10)  0.971¢
NEU (x 10%/ | 4.64(2.49-7.37) 4.08(1.40-8.32) 4.70(2.40-7.60) 0.613¢
uL)
LYM (x 103/ | 2.20(1.20-4.50) 2.42(1.30-4.38) 1.77(1.40-3) 0.063¢
uL)
PLT (x 103/ 281(163-444) 264(174-371) 254(191-283) 0.225¢
uL)
MPV (fL) 9.30(7-12.30) 9.70(6.90-11.60) 9.30(7.90-11.20)  0.396¢
PCT (%) 0.25(0.15-0.40) 0.25(0.16-2.89) 0.22(0.18-0.28) 0.337¢
PDW (%) 16.30(15.50- 16.20(15.40- 16.20(15.30- 0.299¢
17.40) 17.20) 17.30)
NLR 1.90(1-3.86) 1.66(0.48-3.48) 2.53(1.64-3.53) 0.068¢
PLR 122.31(52.67- 105.57(60.29- 143.50(79- 0.049¢
263.85) 215.38) 171.88)

Data are given as mean (standard deviation), median (minimum- maximum) and n%. d: Kruskal Wallis Test

Table 3: The relationship between 25(OH)D levels and clinical and laboratory parameters in
patients with FMS

Vit D Pain VAS Fatigue VAS FIQ
n=90 |rs P-value Is P-value s P-value s P-value
AGE |0.23 0.029 0 -0.11 0.293 -0.10 0.332 -0.09 0.379
WBC |-0.08 0.427 0.02 0.873 -0.05 0.615 0.02 0.845
NEU# | -0.15 0.160 0.02 0.877 -0.11 0.288 -0.02 0.839
LYM# | 0.08 0.446 0.06 0.572 0.12 0.273 0.16 0.144
PLT |-0.08 0.446 -0.17 0.116 -0.11 0.315 -0.14 0.197
MPV |0.05 0.665 0.17 0.101 0.14 0.178 0.12 0.278
PCT |-0.04 0.724 -0.02 0.872 0.06 0.552 -0.01 0.922
PDW |-0.08 0.435 -0.09 0.427 -0.05 0.611 -0.13 0.240
NLR |-0.13 0.236 -0.05 0.625 -0.18 0.096 -0.17 0.112
PLR |-0.12 0.276 -0.17 0.118 -0.16 0.129 -.024 0.022
VITD |- - - -0.04 0.747 0.01 0.995 0.03 0.793

rs: Spearman correlation coefficient

Figure 1: Receiver-operator characteristic (ROC) curves for determining the presence of
FMS status. The area under the curve (AUC) for vitamin D is 0.72 with P<0.001.
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Discussion

Our results showed that serum vitamin D levels were
lower in patients with FMS compared to healthy subjects and did
not affect the clinical activation findings, but PLR level, one of
the markers of subclinical inflammation / thrombotic activation,
increased in patients with Vitamin D levels below 10 ng/ml.
Although the results of this study showed that serum PDW level
was higher in patients with FMS compared to healthy controls, it
did not correlate with

disease activity.

Even though fibromyalgia is not known as an
inflammatory disease, secondary systemic symptoms are difficult
to explain. There are no reliable laboratory markers indicating
fibromyalgia disease activity or severity. However, recent studies
have shown that inflammatory mechanisms play a key role in
pathogenesis. Cytokines and neurotransmitters, such as IL-6, IL-
8 and TNF-a, which are biochemical mediators of inflammation,
are abnormal in FMS patients [4, 19]. In clinical practice, these
markers cannot be used for diagnostic purposes. Therefore,
studies in FMS have focused on markers of inflammation
derived from complete blood counts because they are cheap and
easily accessible [5,9].

It has been shown that simple hematological markers
such as MPV, PDW, NLR, platelet (PCT) and PLR reflect
inflammatory burden and disease activity in various diseases
[7,20-22].

In FMS, increased platelet count, MPV and PDW have
been identified as risk factors for cardiovascular disease, but
studies have shown conflicting results. When compared with the
control group, Aktiirk et al. [5] found that MPV value was
significantly higher and PDW value was lower in patients with
FMS. On the contrary, Molina et al. [10] found PDW values
higher and MPV values lower in patients with FMS. Al-Nimer et
al. [23] found a significant increase in both MPV and PDW
values in newly diagnosed women with FMS. It is thought that
these contradictory results may be caused by differences in the
characteristics of the working groups. Our results showed that
there was no significant difference in platelet counts in women
with FMS compared with healthy controls; however, PDW
values were significantly higher and MPV values were
significantly lower. This result was consistent with the results of
Molina et al. [24] PDW is a measure of variability in platelet size
and increases during platelet activation. PDW is used to identify
fractions of large platelets that are more enzymatically and
metabolically active. MPV is associated with platelet size,
platelet activity and function. Larger platelets are more active
than smaller ones [25]. It is thought that PDW is more specific
than MPV as an indicator of platelet reactivity because it is not
affected by single platelet distension caused by platelet swelling
[10]. Our results may suggest platelet hyperactivation, which
may contribute to the prothrombotic status of FMS patients by
showing a high PDW value. Oxidative stress promotes platelet
hyperactivation and consequently increases the risk of arterial
thrombosis [26]. Studies have shown that oxidative stress
increases in patients with FMS, and patients with FM may be
prone to a prothrombotic state in which oxidative stress may
contribute [27].
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NLR and PLR have been described as a prognostic
marker of systemic inflammatory response [10]. Elevated blood
NLR has been shown to be associated with increased disease
activity in many systemic, rheumatologic diseases [20, 22].
Aktiirk et al. [5] found that NLR levels were higher in patients
with FMS compared to healthy controls and argued that the
diagnosis was supportive. Molina et al. [10] found that PLR
levels were high in patients with FMS compared with healthy
controls and emphasized that increased inflammation triggers
prothrombotic status. However, neither of those studies
evaluated the relationship between markers of inflammation and
clinical activation findings such as pain, fatigue, daily living
activity in FMS. There are few studies evaluating this
relationship in the literature. EI-Nimer et al. [6] showed that
NLR and PLR were significantly higher in patients with FMS
and significantly correlated with the total revised FIQ score. On
the contrary, Yildirim et al. [28] evaluated only MPV in patients
with FMS and found no association between MPV and pain,
fatigue, and FIQ. Our results showed no significant difference
between the groups in terms of NLR and PLR values. In our
study, we examined all hematological markers such as MPV,
PDW, NLR, PCT, PLR, and found only an inverse relationship
between FIQ score and PLR.

Many studies have shown that low serum 25 (OH)
vitamin D levels increase the risk of cardiovascular disease [29]
by altering platelet and endothelial functions, increasing
oxidative stress, and activating inflammatory pathways [30]. A
study showed that vitamin D levels <20 ng/ml were associated
with increased cardiac risk and that MPV levels were
significantly higher in the vitamin D <10 ng/ml group compared
with healthy controls [31].

In the literature, there are many studies about FMS and
vitamin D deficiency in chronic pain with contradictory results.
While there are studies showing that vitamin D levels are
significantly lower in FMS patients compared to healthy controls
[32, 33], there are also studies that cannot find a relationship
between vitamin D deficiency and FMS [34,35]. The large
heterogeneity between the studied groups and the low power of
most studies have been shown as the reasons for this
inconsistency [36]. Our results showed statistically significantly
lower vitamin D values in patients with FMS compared with the
healthy control group. According to Roc analysis, we found an
increased risk for FMS incidence in patients with vitamin D <
14.6 ng/ml. We categorized vitamin D levels as <10 ng/ml, 10-
30 ng/ml and <30 ng/ml and observed that the clinical activation
we evaluated with pain VAS, fatigue VAS and FIQ was not
affected by vitamin D levels. We also observed that only the
PLR level, one of the inflammatory/prothrombotic markers, was
statistically significantly higher in the vitamin D <10 ng/ml
group compared to the group with vitamin D levels between 10-
30 ng/ml. When VitD <10 ng/ml group and VitD >30 ng/ml
were compared, we did not observe a significant difference. This
may be due to the small number of patients in the VitD >30
ng/ml group. However, in our study, we found no correlation
between vitamin D level and clinical and laboratory activation.
Yildirim et al. [29] showed that vitamin D deficiency may
increase MPV values, which is a risk factor in cardiovascular
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diseases. The difference of our study is that we studied
inflammatory/prothrombotic markers other than MPV.

Limitations

We performed this study on newly diagnosed female
patients, but we did not distinguish between premenopausal and
postmenopausal females. In our study, a significant correlation
was found between age and vitamin D. This may be because
postmenopausal women have been careful to use the natural
source of vitamin D because of their high awareness of
osteoporosis.

Conclusion

Our results showed increased PDW levels in FMS and
confirmed that PDW was a predicting marker in FMS. At the
same time, the results of our study showed that the incidence of
FMS increases in patients with VitD <14.6 ng/ml, and there is an
inflammatory condition associated with an increase in PLR
levels in patients with VitD <10 ng/ml. Based on this, we
thought that low VitD levels in patients with FMS may trigger
inflammation and contribute to the risk of cardiovascular disease
with a prothrombotic effect. In patients with FMS, complete
blood count and vitamin D levels, which are easily accessible
and inexpensive, can support the diagnosis and predict
cardiovascular risk. The effect of VitD supplementation on
hematological parameters in FMS needs to be investigated. We
believe that larger-scale studies involving homogeneous groups
are needed.
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