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Abstract
Aim: The major target of this research is to examine whether there is any connection between the levels of vitamin D and anti-
inflammatory mediators in patients with fibromyalgia syndrome (FMS). 
Materials and Methods: The study contains 30 FMS diagnosed and 25 healthy female individuals and the determination of FMS was 
made according to the standards of 2010 American College of Rheumatology (ACR). Vitamin D, vitamin D receptor (VDR), vitamin D 
binding protein (VDBP) levels, and anti-inflammatory cytokine (IL-4, IL-10, TGF-β) levels in the serum of patients with FMS and healthy 
individuals were measured using enzyme-linked immunosorbent assay (ELISA).
Results: The concentrations of vitamin D, VDR, and VDBP were determined to be higher in healthy controls than in patients with FMS 
(p<0.001). Correlating with this, IL-4, IL-10, and TGF-β levels were measured remarkably higher in the healthy group than in the FMS 
patients (p<0.001). 
Conclusion: Low vitamin D levels may cause a decrease in anti-inflammatory cytokine levels and their immunosuppressive effect in 
FMS.
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INTRODUCTION

The definition of “chronic widespread pain” is widely used 
for some pain-related diseases whose pathogenesis 
has not been fully resolved. One of the most well-known 
subgroups of these diseases is fibromyalgia syndrome 
(FMS). Fibromyalgia is defined as a pain processing 
disorder resulting from abnormal conditions in the pain 
signaling pathways opening to the central nervous system 
(1). The most prominent symptoms of FMS include chronic 
widespread pain, extreme fatigue, sleep disturbance, 
increased pain when touching the inflamed area, tingling 
in the skin, and prolonged muscle spasm (2). All these 
symptoms are actually related to inflammation, and 
studies suggest that inflammation has a noticable task in 
the pathogenesis of FMS. The most effective mediators 
involved in the formation of inflammatory responses are 
cytokines. These immune mediators can be divided two 
groups as pro-inflammatory and anti-inflammatory (3). 
Anti-inflammatory cytokines are regulatory molecules that 
work in coordination with pro-inflammatory cytokines and 
have immunosuppressive effects on various markers. 
In this study, the efficacy of anti-inflammatory mediators 

TGF-β, IL-4, IL-10, in FMS was discussed. IL-10 is an anti-
inflammatory cytokine that controls the expression of 
several pro-inflammatory mediators (IL-1, IL-6, TNF-α etc.). 
In recent studies, IL-10 and IL-4 levels were found to be 
low in the blood of patients with chronic widespread pain, 
and it has been thought that these cytokines may have 
a prominent function in patients with chronic pain (4). 
TGF-β can be found in different regions such as peripheral 
ganglia, choroid plexus, and meninges, which are the basic 
elements of the nervous system (5). Its main function is 
to suppress cytokine release by inhibiting macrophage and 
T cell activity (6). It also participates in the regulation of 
nitric oxide (NO) production in macrophages. NO has an 
important action in the functioning of neuropathic pain 
pathways (7). In recent studies, it is thought that TGF-β with 
anti-inflammatory activity and other agents that stimulate 
this cytokine can be shown as therapeutic targets in cases 
related to neuropathic pain. On the other hand, there are 
many new perspectives on molecular markers that have 
critical assignments in the development and treatment of 
chronic pain. One of them is the immunoregulatory activity 
of vitamin D. The anti-inflammatory potential of vitamin 

C I T A T I O N
Ellergezen P, Alp A, Cavun S. Vitamin D, VDR and VDBP Levels Correlate with Anti-inflammatory Cytokine Profile in FMS Patients. 
Med Records. 2023;5(1):24-8.  DOI: 10.37990/medr.1131305

http://orcid.org/0000-0003-3419-1995
http://orcid.org/0000-0002-3904-5463
http://orcid.org/0000-0003-0764-6376
https://creativecommons.org/licenses/by-nc-nd/4.0/


25

Med Records 2023;5(1):24-8DOI: 10.37990/medr.1131305

D suggests a remarkable relationship with the immune 
system (8). Vitamin D acts through intracellular receptors 
and works with its associated connectors. Especially 
vitamin D receptor (VDR), and vitamin D binding protein 
(VDBP)  are major contributors to vitamin D activation. 
VDR is expressed in various tissues in the body and 
involved in events such as regulation of gene transcription 
and calcium transport (9). Many immune cell types can 
express VDRs on their surfaces. In this way, the VDR has 
a significant function in the orchestration of immune 
reactions (10). VDBP is the main transport molecule for all 
vitamin D metabolites, and is involved in immune regulation 
by binding to the surface of leukocytes and activating the 
complement system (11). Recent studies on FMS have 
been suggested that vitamin D concentrations are generally 
lower in patients than in healthy individuals, and this may 
be associated with neuropathic pain (12,13). On the other 
hand, studies on chronic pain reveal that one of the most 
important factors underlying FMS and similar diseases is 
immunological parameters (14). The fundamental goal of 
this study is to evaluate whether there is any connection 
between vitamin D and anti-inflammatory cytokine profile 
in FMS patients and to research the therapeutic use of this 
condition in a case of chronic widespread pain.

MATERIAL AND METHOD

Study Groups

This study was accepted by the Uludağ University Faculty 
of Medicine Ethics Committee and an informed permission 
form was gotten from whole individuals. A total of 55 female 
people, including 25 healthy controls and 30 individuals with 
FMS, took part in this research. The patients were known to 
have FMS in the last 1 year and were determined according 
to American College of Rheumatology (ACR) diagnostic 
standards. All FMS patients were included in the study 
without using any FDA-approved fibromyalgia medication 
for at least 2 weeks. In addition, patients with autoimmune 
disease, inflammatory disease, infectious disease, cancer 
and those receiving anti-inflammatory drug therapy were 
not included in the research. In the healthy group, people 
who did not have any chronic diseases and did not use any 
medication were included.

Serum samples of patients

Blood samples were taken into sterile tubes of 20 ml and 
was centrifuged at 3000 x g for 10 minutes to get serum of 
patients. Collected samples were transferred to eppendorf 
tubes and stored at -80ºC until the date of use.

Quantification of vitamin D and cytokine levels

Vitamin D, VDR, VDBP, and cytokine (IL-4, IL-10, TGF-β) 
levels in samples were obtained by ELISA method. The 
ELISA kit procedure used in the study was applied (BT-LAB, 
Shangai, China). Each sample was measured twice and the 
results were calculated according to the standard curve. 
Validated detection limits were 0.23ng/ml for vitamin D, 

2,51pmol/L for VDR, 5.41µg/ml for VDBP, 2,53 ng/L for IL-4, 
2,59 pg/ml for IL-10 and 5,11 ng/L for TGF-β, respectively.

Statistical Analysis

The Shapiro Wilk test was used to examine how the 
variables were distributed. Continuous variables were 
presented as median and mean±standard deviation values 
and Mann Whitney U test was performed for comparison of 
FMS patients and healthy controls. Correlations between 
variables were evaluated by Spearman correlation test. 
ROC analysis method was applied to measure the range 
of values that can be predicted in diagnosing the disease. 
Statistical analysis was evaluated using SPSS (IBM Corp. 
Released 2012. IBM SPSS Statistics for Windows, Version 
21.0, Armonk, NY: IBM Corp.) and p value <0.05 was 
considered to indicate a statistically significant difference.

RESULTS

There was no notable difference in terms of mean age 
values in 25 healthy individuals (48.60±10.59 years 
old) and 30 FMS patients (50.93±9.92 years old) who 
participated in the study. Details showing vitamin D, VDR, 
VDBP, and cytokine concentrations are displayed in Table 
1. Vitamin D concentration was obtained to be higher in 
the healthy group (18.06±8.41) than in the FMS patients 
(15.67±1.83) (p<0.001). It was observed that there was an 
important difference between the patient (120.83±22.06) 
and healthy (142.02±67.61) groups in terms of VDR values 
(p=0.002) and VDBP values were also different from each 
other in both groups; patients (310.77±33.68) and healthy 
individuals (368.03±188.92) (p<0.001). VDR and VDBP 
concentrations of the patients with FMS were lower than 
healthy group. All the levels of IL-4 (130.47±56.70), IL-10 
(182.84±57.02) and TGF-β (547.28±252.27) were also 
reported to be higher in the healthy group compared to 
FMS patients (104.03±14.63, 156.83±20.97, 440.71±54.39, 
respectively) and there was a remarkable difference among 
the groups in terms of cytokine concentrations (p=0.001, 
p<0.001, p<0.001, respectively). In addition, a noticable 
correlation was detected between the values of vitamin 
D, VDR, VDBP, and IL-4, IL-10, TGF-β (p<0.05). As vitamin 
D, VDR and VDBP concentrations decrease, a decline is 
observed in IL-4, IL-10, TGF-β values (Table 2). According 
to the ROC analysis results, vitamin D, VDR, VDBP, and 
cytokine values were determind to be significant (p<0.001). 
In table 3, cut-off values for vitamin D, VDR, VDBP, and anti-
inflammatory cytokines that can be predicted in patient 
diagnosis are demonstrated. It has been shown that 
people with or below these values can be diagnosed with 
FMS (Table 3).

DISCUSSION

In the recent study, we reported that the levels of vitamin 
D, VDR, and VDBP were correlate with anti-inflammatory 
cytokine profile (IL-4, IL-10, TGF-β) and all markers were 
higher in the healthy group than in the FMS patients 
(p<0.05). 
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Current approaches to FMS have determined that the 
underlying causes of this disease are more than one. 
It is emphasized that one of these reasons may be 
immunological factors and attention should be paid to this 
issue. Although the mechanism of FMS has not been fully 
resolved, there are limited studies on the connection of 
the disease with the immune system. In current study, our 
main purpose was to obtain the concentrations of vitamin 
D and anti-inflammatory mediators in FMS patients and 
to research the link between them. In recent years, it has 
been discovered that there is a much wider area where 
vitamin D benefits beyond its known functions such as 
bone development, regulation of Ca level, and contribution 
of muscle functions. Additionally, there are several studies 
showing that vitamin D has a remarkable activity in the 
pathogenesis of FMS and pain related disorders (15,16). 

New approaches suggest that vitamin D has an active role in 
supporting neurological pathways, reducing inflammation 
and preventing the risk of many chronic diseases (17,18). 
Vitamin D shows its effectiveness by binding to VDR 
and modulates the immune system through vitamin D 
responsive elements (19). Besides, in current studies, it 
has been determined that the level of VDBP in the serum 
decreases in liver diseases, kidney-related disorders, and 
various trauma situations (20). In a study on vitamin D 
function pulmonary tuberculosis patients, it was shown that 
vitamin D increased IL-10 production by down-regulating 
Th1 and Th17 cytokines (21). In addition, it inhibits immune 
functions by suppressing the transcription factor nuclear 
factor kappa B (NF-κB) (22). Another possible mechanism 
is that vitamin D down-regulates toll-like receptor (TLR) 
expression by reducing pro-inflammatory cytokine release 

Table 1. Values of the FMS patients and healthy controls

Healthy Controls (n=25) FMS Patients (n=30) p-valuea

Vitamin-D 18.06 (8.41) 15.67 (1.83) <0.001

VDR 142.02 (67.61) 120.83 (22.06) 0.002

VDBP 368.03 (188.92) 310.77 (33.68) <0.001

IL-4 130.47 (56.70) 104.03 (14.63) 0.001

IL-10 182.84 (57.02) 156.83 (20.97) <0.001

TGF-β                       547.28 (252.27) 440.71 (54.39) <0.001

FMS: Fibromyalgia Syndrome, VDR: Vitamin D receptor, VDBP: Vitamin D Binding Protein, TGF-β:transforming growth factor beta, IL: Interleukin
Data was presented as median(IQR). a:Mann-Whitney U Test p<0.05

Table 2. Comparison of vitamin D, VDR, VDBP and cytokine levels between the healthy controls and FMS patients

    Healthy Controls (n=25)      FMS Patients (n=30) Total (n=55)

Vitamin-D VDR VDBP Vitamin-D VDR VDBP Vitamin-D VDR VDBP

rs p rs p rs p rs p rs p rs p rs p rs p rs p

IL-4 0.90 <0.001 0.92 <0.001 0.82 <0.001 0.70 <0.001 0.82 <0.001 0.89 <0.001 0.86 <0.001 0.91 <0.001 0.87 <0.001

IL-10 0.87 <0.001 0.73 <0.001 0.71 <0.001 0.55 <0.001 0.71 <0.001 0.66 <0.001 0.82 <0.001 0.79 <0.001 0.77 <0.001

TGF-β <0.001 0.94 <0.001 0.83 <0.001 0.89 <0.001 0.81 <0.001 0.85 <0.001 0.91 <0.001 0.90 <0.001 0.89 <0.001

FMS: Fibromyalgia Syndrome, VDR: Vitamin D receptor, VDBP: Vitamin D Binding Protein, TGF-β: transforming growth factor beta, IL: Interleukin
rs: Spearman correlation coefficient p<0.05

Table 3. ROC Analysis results

   AUC p-value Cut-off Value Sensitivity Specificity PPV NPV

Vitamin-D 0.799 <0.001 ≤17.13 86,21 80 83,3 83,3

VDR 0.741 <0.001 ≤120.83 51.72 96 93,7 63,2

VDBP 0.784 <0.001 ≤319.07 68.97 88 87 71

TGF-β 0.821 <0.001 ≤478.84 82.76 88 88.9 81.5

IL-10 0.786 <0.001 ≤169.75 79.31 80 82.1 76.9

IL-4 0.763 <0.001 ≤113.13 79.31 80 82.1 76.9

AUC: Area under the ROC curve, PPV:Positive predictive value, NPV:Negative predictive value
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(23). In line with these studies, it is thought that vitamin 
D has a suppressive effect on the activity of immune 
system cells through various inhibitory mechanisms (24). 
Clinical research on the link between chronic pain and 
vitamin D is limited. However, there are strong evidences to 
suggest that vitamin D has a potential role in pain-related 
conditions. In studies conducted, vitamin D levels were 
found to be related with symptoms such as headache, 
muscle-joint, chest and back pain, and were found to be low 
in patients with FMS (25). Besides, it has been determined 
that long-term vitamin D deficiency is associated with a 
weakened immune system and chronic inflammation. 
Inflammatory responses have a prominent effect in the 
formation of various pain pathways in the peripheral and 
central nervous systems. The major molecules involved 
in the occurance of these responses are cytokines. In 
addition to being effective in the regulation of immune 
responses, their physiological and pathological roles in 
inflammation are becoming increasingly important (26). 
The anti-inflammatory cytokines discussed in this study 
are generally those that have an inhibitory effect and act 
in the direction of suppressing the inflammatory response. 
Recent studies have shown that low blood concentrations 
of IL-10 and another anti-inflammatory cytokine, IL-4, are 
detected in patients with chronic widespread pain, which is 
a remarkable finding (27). In addition, studies have shown 
that IL-10 suppresses spinal-mediated pain facilitation 
in acutely administered animal models. It has also been 
reported that neuropathic pain can be prevented when 
spinal IL-10 is blocked (28). TGF-β inhibits macrophage and 
T cell cell activation thus suppresses cytokine release. It 
also antagonizes nitric oxide (NO) release in macrophages. 
NO has a prominent task in neuropathic pain pathways. 
This anti-feature of TGF-β, which affects cytokine release, 
suggests that it can be used in neuropathic pain therapy 
(29). In a study performed on microglia and astrocytes, 
vitamin D was found to upregulate TGF-β and IL-4 (30). 
Mahon et al. reported that vitamin D inhibited CD4+ Th2 cell 
proliferation in animal models by promoting IL-4 production 
and reducing pro-inflammatory cytokine expression (31). 
Additionally, it is known that very low doses of circulating 
vitamin D cause a decrease in Treg cells. However, the 
function of vitamin D in immune responses is quite complex 
and depends on the involvement of various factors such 
as innate immunity, brain pathways, gut microbiome. It 
has been observed that enriched Treg cells in patients with 
SLE increase the Th2 type immune response following 
long-term vitamin D supplementation (32). In this study, 
vitamin D, VDR and VDBP concentrations were detected 
to be lower in FMS patients than in healthy individuals, in 
correlation with the anti-inflammatory mediators IL-4, IL-
10 and TGF-β. There are some limitations in this study. It 
was a single center research prevents the interpretation 
of the results throughout the country. In addition, the 
fact that it was studied only in women does not give an 
idea about the course of the disease in men. Some of the 
anti-inflammatory cytokines have been studied so further 
extended studies with other groups of anti-inflammatory 
cytokines may be done.

CONCLUSION

In conclusion, we would like to emphasize that this is the 
first study to correlate vitamin D, VDR, and VDBP levels 
with anti-inflammatory cytokine profile in patients with 
fibromyalgia. The results we obtained from the study 
suggested that there was a remarkable link between 
vitamin D and anti-inflammatory cytokine profile. This 
finding may help to understand the role of vitamin D and 
cytokines in pathological process of fibromyalgia and can 
be a guide for similar disease states. 
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