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Abstract

Background: Fibromyalgia is a debilitating condition, characterized by extensive muscular pain and fatigue. Vitamin D
is essential for overall health, with ubiquitous involvement in various inflammatory and pain pathways. Little is known
about its role in fibromyalgia. We performed a systematic literature review to determine if vitamin D contributes to the
pathology and disability of patients with fibromyalgia, and to assess the role of vitamin D supplementation in disease
management.

Methods: We searched Medline, EMBASE and the Cochrane Library for clinical studies and randomized controlled trials
published in English during January 2000 to June 2017, using the terms vitamin D or hypovitaminosis D combined
with fibromyalgia or FMS. References were reviewed manually and articles were only included if they were specific in
their diagnosis of fibromyalgia and used appropriate control groups.

Results: Four hundred and sixty-six studies were retrieved, of which fourteen fulfilled the inclusion criteria. Six studies,
of which two had the best quality evidence, found that patients with fibromyalgia have low levels of vitamin D
compared to healthy controls. Conflicting results were obtained on the effect of vitamin D on pain or symptom
control, with no clear consensus as to the role of supplementation in the management of fibromyalgia.

Conclusions: Our results highlight an association between vitamin D deficiency and fibromyalgia. However, its role in
the pathophysiology of fibromyalgia and the clinical relevance of identifying and treating this requires further
elucidation with appropriately controlled studies.
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Background
Fibromyalgia syndrome (FMS) is a common disorder, af-
fecting 2–3% of the population, that is characterized by
chronic widespread muscular pain, generalized weakness
and occasional bone pain [1]. The American College of
Rheumatology (ACR) devised the 1990 criteria for FMS
diagnosis based on the aforementioned symptoms being
present for three months or more [1], and was updated
in 2010 to include the exclusion of other disorders that
might otherwise mimic FMS [2]. Interestingly, these
symptoms are also found in individuals with low levels

of vitamin D, particularly fatigue and widespread muscle
pain and weakness [3].
Vitamin D is a pleiotropic hormone with a critical role

in modulating several inflammatory and pain pathways in
addition to calcium homeostasis. Observational studies
suggest an association between vitamin D deficiency and
chronic pain, most promisingly in fibromyalgia [4]. In-
deed, it has been hypothesized that vitamin D has
anti-inflammatory properties that contribute to relieving
pain. In vitro studies have found that the vitamin can re-
duce prostaglandin E2 (PGE2) synthesis to down-regulate
proinflammatory pathways [5] and its supplementation
can improve musculoskeletal pain [6]. The
anti-inflammatory effects of vitamin D have also been at-
tributed to its impact on T cell differentiation and the* Correspondence: alnhepburn@doctors.org.uk
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development of regulatory T cell populations that modu-
late pro-inflammatory Th1 and Th17 cells [7–9].
Testing for serum vitamin D levels has increased sig-

nificantly in recent years [10, 11], especially in patients
with musculoskeletal pain syndromes [3, 12] and those
with other medically unexplained symptoms [13], pre-
sumably in the search for a potentially reversible cause.
In parallel, there has been a rise in interest in this area
by the pharmaceutical industry, with a corresponding in-
crease in the number of licensed vitamin D preparations,
as well as ‘over the counter’ supplements [14]. Taken to-
gether, these factors have significant health economic
implications.
This review aims to identify and appraise the available

evidence comparing vitamin D levels in FMS patients
with healthy controls, and to evaluate the efficacy of
supplementation in deficient FMS patients. Thus, it aims
to address whether FMS patients will benefit from vita-
min D deficiency testing and treatment.

Methods
This review followed the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) guide-
lines, employing the PRISMA-TC 2015 checklist [15, 16].

Eligibility criteria
Included in the review were observational studies that
prospectively compared blood serum levels of vitamin D
(measured by 25(OH)D) in FMS patients with age and
gender-matched healthy controls, and also randomized
control trials (RCTs) that measured the correlation of vita-
min D levels with changes in symptom severity in vitamin
D deficient FMS patients after administration of supple-
mentation compared with placebo. Additional inclusion
criteria for these two types of studies were limited to being
published in the English language, investigating human
subjects of 18 years or more, diagnosis of chronic pain
specific to FMS and being published between the time
period of January 2000 to June 2017. Studies were ex-
cluded from the review if they had an ambiguous defin-
ition of FMS, were published before the aforementioned
dates or were published in a non-English language.

Search strategy
Three independent reviewers (SE, SK and JS) performed
a database search across Medline, EMBASE and the
Cochrane Library, using the following terms: “vitamin
D” or “hypovitaminosis D” combined with “fibromyalgia”
or “FMS.” Titles of retrieved studies were screened, after
which abstracts and full texts of remaining studies were
cross-examined according to the review inclusion cri-
teria. A manual search of all included bibliographies was
carried out to identify any omitted articles.

Quality assessment
Included studies were assessed using an adapted version
of the Newcastle-Ottawa checklist [17], which is specific
for the reporting of cross-sectional observational studies
in order to avoid conclusions drawn from low-quality re-
search. This comprised of three distinct areas of quality:
(1) selection of the groups involved (score of: 0–4), (2)
quality of the adjustment for confounding variables
(score of: 0–2), and (3) ascertainment of the outcome
measure of interest for the groups (score of: 0–3) thus
producing a cumulative quality score for which the max-
imum is 9 and reflects the greatest possible methodo-
logical research quality. Similarly, RCTs were assessed
against the Critical Appraisal Skills Program (CASP)
which evaluates the rationale for the research, the effect-
ive randomization and blinding techniques employed,
assessment of statistical techniques used, evaluation of
the practical application of research population to target
population who would eventually benefit from the inter-
vention and appraisal of harms and cost-effectiveness.

Data extraction
The following information was obtained from each
study: name of first author, year of publication, country
in which the research was conducted, type of study de-
sign, sample size and characteristics. Outcome measures
extracted included mean or median 25(OH)D or
1,25(OH)D levels, frequency of hypovitaminosis of FMS
and control populations and any correlations of vitamin
D levels with disease activity scores. RCTs were also
searched for initial vitamin D levels, method and regi-
men of supplementation, post-supplementation vitamin
D levels and correlation values with symptom severity
measures. Information was also collected regarding the
country that the research was conducted in and the gen-
der and ethnicities of the participants.

Results
Search strategy
Four hundred and sixty-six studies were retrieved by the
database and manual search, 382 of which were excluded
due to title or study design. 49 duplicated articles were
also removed. The full texts of the remaining 35 studies
were read and their content cross-referenced with the
inclusion criteria, leaving 14 relevant studies (Fig. 1).
Studies were excluded for lack of control groups and
non-specific diagnosis of FMS pain.

Study characteristics
Of the 14 included studies, 12 were cross-sectional
[12, 18–27], comparing mean values of vitamin D in
diagnosed FMS populations with healthy controls, one
was a RCT [28] and one published data from both a
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cross-sectional study and RCT [29]. An analysis of
the included studies is listed in Table 1.
The RCT was conducted as a second phase of the

study that included both cross-sectional data and an
RCT [28, 29]. The two aspects are discussed separately.
10 studies used the ACR 1990 diagnostic criteria to clas-
sify the FMS population [12, 18–22, 24–26, 29], while 3
studies used the 2010 criteria in conjunction with the
older 1990 criteria [27, 28, 30]. One article did not spe-
cify the method of diagnosis [23]. Of the 14 studies, 13
specified the ethnic distribution of included participants,
of which 5 were predominantly European populations
[12, 21, 23, 24, 28], with the remainder investigating Is-
raeli [18], Egyptian [22], Turkish [19, 25–27], Iranian
[30] and Brazilian [20] populations.

Quality assessment
All thirteen included cross-sectional studies scored be-
tween 5 and 7 using the Newcastle-Ottawa score. The
most frequent reasons for loss of points on the scale
were an apparent lack of comparison between respon-
dents and non-respondents, and a lack of satisfactory or
justified sample size. In addition, one study did not spe-
cify the method of “ascertainment of exposure” [23],
meaning the use of ACR criteria was not mentioned in
its specific diagnosis of FMS. One study omitted the ten-
der points examination from diagnosis due to a cited
lack of specificity and reproducibility [29].
While the CASP checklist for RCTs is not intended to

be used as a tool from which to derive a cumulative score
for each study, it was observed that one RCT met 8 of the
10 [28] formative criteria, while the other met 7 [29]. Both
RCTs were found to have small sample sizes, increasing
the risk of an inaccurately calculated treatment effect and

misrepresentation of target population. One of the RCTs
also had a 16% dropout rate [29]. The assessments were
initially performed by two of the reviewers (SK and JS)
and were in high concordance at 95% for cross-sectional
studies and 100% for RCTs. Where there was disagree-
ment in quality assessment, both reviewers independently
re-assessed the articles until agreement was reached. A
third reviewer (SE) reassessed the literature and agreed
with the consensus reached by SK and JS.

Vitamin D levels in fibromyalgia patients and healthy
controls
Six studies identified significantly lower vitamin D levels
in FMS patients when compared with healthy controls
[12, 21, 22, 24, 26, 27]. McBeth et al. investigated men,
aged 40–79, in eight European cities in different coun-
tries [12]. This large cross-sectional study identified
FMS patients to have significantly lower mean vitamin D
levels than healthy controls (23.9 ng/ml vs. 25.6 ng/ml;
p = 0.05) [12]. Furthermore, there were a significantly
higher proportion of FMS patients who were classified
as having low vitamin D levels (< 15 ng/ml) compared to
healthy controls (25.5% vs. 18.6%; p = 0.05) [12]. Olama
et al., Yildirim et al., Okyay et al. and Al-Allaf et al. also
replicated this finding in their studies with smaller
cohorts [22, 24, 26, 27]. Interestingly, whilst Atherton
et al. also identified a positive relationship between
vitamin D deficiency and FMS, they noticed the greatest
contrast between FMS patients occurring with vitamin
D levels < 30 ng/ml compared with patients who had
vitamin D levels between 30 and 40 ng/ml; p = 0.001
(OR 1.57, 95% CI 1.09 to 2.26) [21].
A study by Maafi et al. in Iranian women found sig-

nificantly higher vitamin D levels amongst FMS patients

Fig. 1 Flow diagram of the systematic literature review’s inclusion and exclusion process
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compared to healthy controls (17.2 ng/ml vs. 9.91 ng/ml;
p = 0.001) [30]. However, the remaining cross-sectional
studies found no significant difference in mean vitamin
D levels between the FMS patients and healthy controls
when no subgroup analysis was applied. The same stud-
ies showed no significant difference in the proportion of
patients and controls that displayed vitamin D deficiency
[18–20, 23, 25, 29]. Tandeter et al. found no significant
difference in mean vitamin D levels between FMS pa-
tients and controls in pre-menopausal Israeli women
(21.75 ng/ml vs. 19.43 ng/ml respectively), and found no
significant difference in the proportion of individuals
with a vitamin D deficiency between the two groups
[18]. Unexpectedly, the proportion of control patients
who were vitamin D deficient were found to be slightly
higher at 51.2% compared to the FMS patients at 44.1%
[18]. However, this was not statistically significant. No
differences in vitamin D levels amongst FMS patients
and healthy controls were also mirrored in another study
conducted in pre-menopausal women [25], and in four
other studies conducted on pre- and post-menopausal
women [19, 20, 23, 29].
Interestingly, FMS patients have been found to have

little seasonal variation in their vitamin D levels com-
pared with healthy controls. A study conducted in
Northern Spain by Mateos et al. found a statistically sig-
nificant increase in vitamin D levels in controls com-
pared to FMS patients after the summer months:
26.9 ng/ml and 23.3 ng/ml, (p = 0.03) [23]. However,
there was no difference in overall vitamin D levels be-
tween FMS patients and controls throughout the year;
23.0 ng/ml vs. 24.0 ng/ml, or in PTH levels; 51.0 vs. 48.0
[23]. The lack of significant difference persisted upon
subgroup analysis, finding no distinction between pre-
and post-menopausal women for either measurement,
although the patient-control difference did become more
profound when only considering post-menopausal
women (p = 0.008) [23].

Correlation of vitamin D with symptom scores
Unexpectedly, four studies have found an inverse correl-
ation between pain, assessed via the visual analogue
score (VAS) or tender points count (TPC), and vitamin
D levels [22, 24, 26, 28]; however, the remaining studies
could not identify a correlation between the two vari-
ables. Several studies have also observed further correla-
tions between vitamin D levels and the presence of other
symptoms in FMS patients. The study by Olama et al.
found FMS patients with vitamin D levels ≤20 ng/ml to
be more likely to have short-term memory impairment,
confusion, mood disturbance, sleep disturbance,
restless-leg syndrome and palpitations (p = 0.05) [22].
They also found inverse correlations with Beck’s depres-
sion score; r = − 0.328, p = 0.020, and lumbar bone

mineral density (BMD); r = − 0.052, p = 0.012 [22]. Inter-
estingly, Wepner et al. also found a significant negative
correlation of vitamin D levels with the activities of daily
living component of the FMS impact questionnaire
(FIQ-ADL); r = − 0.344, p = 0.030 [28].

Effect of vitamin D supplementation on pain scores
Warner et al. randomized 50 FMS patients with vitamin D
levels between 9 and 20 ng/ml in a double-blind fashion
to receive either weekly 50,000 IU vitamin D2 or placebo
orally for 3 months [29]. Vitamin D levels were statistically
similar at baseline for both groups (n = 25) and the vita-
min D levels of the treatment group rose significantly
higher than that of the placebo group after 3 months;
31.2 ng/ml vs 19.3 ng/ml, p = 0.001 [29]. This increase
was not met by significant improvements in pain scores in
the treated group compared to the placebo group as
assessed using VAS, p = 0.12, or functional pain score
(FPS) [29]. In fact, a significant difference in FPS after
3 months favored the placebo group, p = 0.05 [29].
Wepner et al. randomized 30 FMS patients with vitamin

D levels < 32 ng/ml in a double-blind fashion to receive ei-
ther daily 2400 IU (16,800 IU weekly) of vitamin D3 for
those with vitamin D levels < 24 ng/ml, or 1200 IU (8400
weekly) for those with levels 24-32 ng/ml, or placebo in
FMS patients with vitamin D levels < 32 ng/ml for
25 weeks [28]. One patient was removed from the study
as they developed a mild hypercalcaemia (2.71 mmol/L) in
response to supplementation. A consistent decrease in
VAS score was noted for the treatment group, while
remaining stable for the placebo group throughout [28]. A
2 (groups) 4 (time points) variance analysis produced a
significant group effect, p = 0.025 [28]. No significant dif-
ference in vitamin D levels or VAS was noted 24 weeks
after stopping supplementation [28]. While no time or
group specific effect was noted for the short-form health
survey 36 (SF-36), the physical role functioning item of
this scale improved significantly from week 1 to week 25
in both supplemented groups, p = 0.014 [28]. No signifi-
cant group-specific effects were observed in depression,
anxiety, FIQ-ADL or somatization scores, although the
treatment group did experience significantly better out-
comes of the FIQ-ADL “morning stiffness” question than
the placebo group, at week 13, p = 0.007 [28].

Discussion
This systematic literature review highlights evidence of
vitamin D deficiency amongst certain patient popula-
tions with FMS; however, there is conflicting evidence
regarding supplementation in these patients. There is
also large heterogeneity in the measurement of vitamin
D across the studies included in this systematic literature
review. Assays used to assess 25(OH) levels, which is
generally considered to be the best single marker of
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vitamin D status [31], included enzyme-linked immuno-
sorbent assay (ELISA), radioimmunoassay, chemilumin-
escent assay and liquid chromatography. This lack of
standardization in the measurement of vitamin D makes
it difficult to accurately interpret any relationship be-
tween serum measurements and clinical deficiency.
However, the Vitamin D Standardization Program
(VDSP) has attempted to improve the consistency of la-
boratory measurements of vitamin D and their reporting
in clinical studies [32].
The highest quality available evidence indicates signifi-

cantly lower vitamin D levels in FMS patients compared to
healthy controls. The two largest population-based studies
by McBeth et al. and Atherton et al. showed evidence of
significantly lower mean vitamin D levels in FMS patients
and increased odds of deficiency [12, 21], which was also
found in the smaller studies by Al-Allaf et al., Olama et al.,
Yildirim et al. and Okyay et al. [22, 24, 26, 27]. These stud-
ies confined their research to homogenous population
groups. Indeed, the study by Atherton et al. represented the
most robust approach in terms of exhaustively adjusting for
known confounders, including BMI, social and lifestyle fac-
tors, and the month of vitamin D measurement [21]. Inter-
estingly, a recent meta-analysis by Hsiao et al. involving a
large patient cohort of 1854 individuals with chronic pain
and 7850 controls found a positive correlation between
vitamin D deficiency and chronic pain (crude OR, 1.63;
95% CI, 1.20–2.23), which remained after adjusting for con-
founders (pooled adjusted OR, 1.41; 95% CI, 1.00–2.00)
[33]. Thus, providing strong support for a positive associ-
ation between hypovitaminosis D and chronic pain condi-
tions such as FMS.
Observational studies have historically implied a link be-

tween hypovitaminosis D and conditions associated with
chronic pain [3]. However, eight of the studies we analyzed
could not draw the same conclusion [18–20, 23, 25, 28, 29],
and failed to find an association between vitamin D defi-
ciency and FMS. Of particular note, these studies had
smaller patient and control sizes, used more heterogeneous
population groups and often did not adjust for important
confounders such as BMI, time spent outdoors and cloth-
ing [18–20, 23, 28, 29] compared to the studies that found
a positive association between lower vitamin D levels and
FMS patients. Of particular note, the study by Maafi et al.
found an inverse relationship between vitamin D levels in
FMS patients compared to healthy controls [30]. The au-
thors speculated that the study participants had easy access
to over the counter vitamin D supplements and may have
been self-medicating, thus confounding their findings [30].
While a higher prevalence of vitamin D deficiency in

FMS patients in six cross-sectional studies has been ob-
served [12, 21, 22, 24, 26, 27], these findings offer little
insight into the temporal relationship between disease
and deficiency. Indeed, ten of the studies we analyzed

were unable to identify a correlation between pain and
vitamin D levels [12, 18–21, 23, 25, 27, 29]. Interestingly,
preliminary work by Wepner et al. suggested that vita-
min D supplementation reduced pain in FMS patients
[28]. Warner et al. did not obtain this result or find any
beneficial effects to vitamin D supplementation within a
larger patient cohort [29]. This is unexpected, as vitamin
D is known to modulate proinflammatory cytokine pro-
duction and central pain processing, thus its deficiency
has long been speculated to be involved in chronic pain
conditions [34, 35]. In addition, hypovitaminosis D is as-
sociated with muscle weakness and pain that improves
on supplementation [36]. Both RCTs suffer from limited
sample sizes in both treatment and placebo groups [28,
29], which can misrepresent a lack of treatment effect
[37]. Thus, highlighting an important need for more
RCTs with larger sample sizes to fully establish the role
of vitamin D supplementation in treating FMS.
Another important factor to take into consideration is

the seasonal and geographical impact on studies investi-
gating the relationship between vitamin D and FMS. Of
particular note, the RCT conducted by Warner et al. oc-
curred during the summer months of the year, giving a
possible explanation as to why the vitamin D levels in 50%
of the placebo group were normalized at the follow up,
presumably due to more exposure to sunlight [29]. Several
studies have speculated that the physical and mental
symptoms accompanying FMS may also dissuade patients
from spending time outside in the sun, resulting in a sub-
sequent reduction in their vitamin D levels [22, 30, 38].
Such a pattern has been observed in British Asian
rheumatology clinic attendees within the UK [39]. Inter-
estingly, the disparity observed by Olama et al. in the vita-
min D levels of Egyptian women provides insight into the
broad scale of deficiency among different ethnic groups.
Studies suggest that ethnicities with more skin pigmenta-
tion are more likely to have vitamin D deficiency [40–42];
however, the variation in vitamin D levels between pa-
tients and healthy controls of darker skin tones is difficult
to ascertain. This may explain the lack of associations seen
in the low powered studies conducted in non-European
populations [30, 41, 43].
The studies in this review have not established a clear

clinical benefit to vitamin D supplementation in FMS. A
recent systematic review by Gaikwad et al. also found no
effect by vitamin D supplementation on chronic muscu-
loskeletal pain [44]. Interestingly, the clinical trials by
Wepner et al. and Warner et al. used two different forms
of vitamin D supplementation (Vitamin D3 and Vitamin
D2 respectively). Vitamin D3 is the naturally occurring
form of vitamin D, which is also made by skin following
UVB light exposure. Vitamin D2 is the derivative of vita-
min D3, and commonly found in food. There is cur-
rently no clear consensus regarding their efficacy in
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treating vitamin D deficiency; thus, further studies are
needed to identify which of these is the most clinically
efficacious and whether vitamin D2 or D3 should be
used in future studies regarding the specific physio-
logical benefits of vitamin D supplementation in FMS.
Conversely, as observed by Wepner et al., there is arguably

a theoretical risk to supplementation with excessive vitamin
D potentially increasing the risk of patient harm through the
development of iatrogenic hypercalcaemia [28]. However,
this risk is likely minimal. A recent large meta-analysis of
vitamin D supplementation in 11,321 participants found that
the incidence of adverse events were similar in both treated
and placebo groups [45]. In addition, a review of vitamin D
supplementation and pain management also concluded that
the risks of supplementation in people with deficient levels
(defined as 25-hydroxyvitamin levels < 30 nmol/L) are negli-
gible; however, individuals with sufficient levels (25-hydroxy-
vitamin levels > 50 nmol/L) are unlikely to benefit from
additional supplementation [4].
The variation in vitamin D dosages is a particular issue

that future studies also need to address. The two RTCs in
this review differed in their dosing regimens for supplemen-
tation, with Wepner et al. trialing doses of 2400 IU and
1200 IU of vitamin D daily [28] compared with Warner et al.
who used 50,000 IU of vitamin D once per week in their
RCT [29]. With the European Food Safety Authority sug-
gesting that adults should not exceed 4000 IU (100 micro-
grams) per day [46], regimens described by Wepner et al.
should be sufficient to maintain treatment effect while keep-
ing under the toxic effects threshold of 142 ng/ml [28].

Conclusion
In summary, the evaluation of the literature suggests a posi-
tive association between the diagnoses of FMS and vitamin
D deficiency. The evidence is inconsistent, owing to large
heterogeneity between studies and the majority of studies
possibly being too low powered to display a true effect. Fur-
thermore, treating vitamin D deficiency in FMS has not
consistently shown to be of clinical benefit, and excessive
supplementation poses a theoretical risk of harm through
the development of iatrogenic hypercalcemia. Nevertheless,
the limited research into the effect of supplementation on
symptom severity in patients with FMS reflects encour-
aging results that should be repeated in larger studies with
a consistent treatment regimen. Future research should
focus upon prospective study designs that exhaustively ac-
count for confounders, to ascertain any causative nature of
vitamin D in the development of FMS. If this tenuous link
is developed into a resilient association, vitamin D replen-
ishment represents a cheap, cost-effective method of symp-
tom improvement in patients with FMS. However, for now,
the true risk versus benefit of vitamin D supplementation
in FMS has not been fully ascertained and should be
assessed by clinicians on an individual patient basis.

Abbreviations
ACR: American College of Rheumatology; CASP: Critical Appraisal Skills
Program; FIQ-ADL: FMS impact questionnaire - Activities of daily living;
FMS: Fibromyalgia syndrome; PRISMA: Preferred Reporting Items for
Systematic Review and Meta-Analyses; RCT: Randomized control trial;
TPC: Tender points count; VAS: Visual analogue score

Funding
No specific funding was received from any bodies in the public, commercial
or not-for-profit sectors to carry out the work described in this article.

Availability of data and materials
All data generated or analysed during this study are included in this
published article.

Authors’ contributions
SE, SK, JS and AH were involved in the design of the study and in the
analysis and discussion of the results. SE and SK wrote the manuscript. AH
participated in the manuscript writing and provided final approval of the
manuscript. SE, SK, JS and AH read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Oncology, Royal Berkshire Hospital, Reading RG1 5AN, UK.
2Department of Medicine, Royal Sussex County Hospital, Brighton BN2 5BE,
UK. 3Department of Rheumatology, Worthing Hospital, Worthing BN11 2DH,
UK.

Received: 29 December 2017 Accepted: 29 August 2018

References
1. Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL,

et al. The American College of Rheumatology 1990 criteria for the
classification of fibromyalgia. Report of the multicenter criteria committee.
Arthritis Rheum. 1990;33(2):160–72.

2. Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, et al.
The American College of Rheumatology preliminary diagnostic criteria for
fibromyalgia and measurement of symptom severity. Arthritis Care Res.
2010;62(5):600–10.

3. Plotnikoff GA, Quigley JM. Prevalence of severe hypovitaminosis D in
patients with persistent, nonspecific musculoskeletal pain. Mayo Clin Proc.
2003;78(12):1463–70.

4. Helde-Frankling M, Bjorkhem-Bergman L. Vitamin D in Pain Management.
Int J Mol Sci. 2017;18(10):2170–8.

5. Liu X, Nelson A, Wang X, Farid M, Gunji Y, Ikari J, et al. Vitamin D modulates
prostaglandin E2 synthesis and degradation in human lung fibroblasts. Am
J Respir Cell Mol Biol. 2014;50(1):40–50.

6. Gendelman O, Itzhaki D, Makarov S, Bennun M, Amital H. A randomized
double-blind placebo-controlled study adding high dose vitamin D to
analgesic regimens in patients with musculoskeletal pain. Lupus. 2015;24(4–
5):483–9.

7. Hewison M. Vitamin D and immune function: an overview. Proc Nutr Soc.
2012;71(1):50–61.

8. Ellis SD, McGovern JL, van Maurik A, Howe D, Ehrenstein MR, Notley CA.
Induced CD8 FOXP3 regulatory T cells in rheumatoid arthritis are
modulated by p38 phosphorylation and monocytes expressing membrane
TNF-alpha and CD86. Arthritis Rheumatol. 2014;66(10):2694–705.

Ellis et al. BMC Rheumatology  (2018) 2:28 Page 7 of 8



9. Lu D, Lan B, Din Z, Chen H, Chen G. A vitamin D receptor agonist converts
CD4+ T cells to Foxp3+ regulatory T cells in patients with ulcerative colitis.
Oncotarget. 2017;8(32):53552–62.

10. Sattar N, Welsh P, Panarelli M, Forouhi NG. Increasing requests for vitamin D
measurement: costly, confusing, and without credibility. Lancet. 2012;
379(9811):95–6.

11. Zhao S, Gardner K, Taylor W, Marks E, Goodson N. Vitamin D assessment in
primary care: changing patterns of testing. London J Prim Care. 2015;7(2):15–22.

12. McBeth J, Pye SR, O'Neill TW, Macfarlane GJ, Tajar A, Bartfai G, et al.
Musculoskeletal pain is associated with very low levels of vitamin D in men:
results from the European male ageing study. Ann Rheum Dis. 2010;69(8):
1448–52.

13. Roy S, Sherman A, Monari-Sparks MJ, Schweiker O, Hunter K. Correction of
low vitamin D improves fatigue: effect of correction of low vitamin D in
fatigue study (EViDiF study). N Am J Med Sci. 2014;6(8):396–402.

14. Rooney MR, Harnack L, Michos ED, Ogilvie RP, Sempos CT, Lutsey PL. Trends
in use of high-dose vitamin D supplements exceeding 1000 or 4000
international units daily, 1999-2014. JAMA. 2017;317(23):2448–50.

15. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. Int J
Surg. 2010;8(5):336–41.

16. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev. 2015;4(1) https://doi.org/10.1186/2046-
4053-4-1.

17. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-analyses. Eur J
Epidemiol. 2010;25(9):603–5.

18. Tandeter H, Grynbaum M, Zuili I, Shany S, Shvartzman P. Serum 25-OH
vitamin D levels in patients with fibromyalgia. Isr Med Assoc J. 2009;11(6):
339–42.

19. Ulusoy H, Sarica N, Arslan S, Ozyurt H, Cetin I, Birgul Ozer E, et al. Serum
vitamin D status and bone mineral density in fibromyalgia. Bratisl Lek Listy.
2010;111(11):604–9.

20. de Rezende Pena C, Grillo LP, das Chagas Medeiros MM. Evaluation of 25-
hydroxyvitamin D serum levels in patients with fibromyalgia. J Clin
Rheumatol. 2010;16(8):365–9.

21. Atherton K, Berry DJ, Parsons T, Macfarlane GJ, Power C, Hypponen E.
Vitamin D and chronic widespread pain in a white middle-aged British
population: evidence from a cross-sectional population survey. Ann Rheum
Dis. 2009;68(6):817–22.

22. Olama SM, Senna MK, Elarman MM, Elhawary G. Serum vitamin D level and
bone mineral density in premenopausal Egyptian women with fibromyalgia.
Rheumatol Int. 2013;33(1):185–92.

23. Mateos F, Valero C, Olmos JM, Casanueva B, Castillo J, Martinez J, et al. Bone
mass and vitamin D levels in women with a diagnosis of fibromyalgia.
Osteoporos Int. 2014;25(2):525–33.

24. Al-Allaf AW, Mole PA, Paterson CR, Pullar T. Bone health in patients with
fibromyalgia. Rheumatology. 2003;42(10):1202–6.

25. Okumus M, Koybasi M, Tuncay F, Ceceli E, Ayhan F, Yorgancioglu R, et al.
Fibromyalgia syndrome: is it related to vitamin D deficiency in
premenopausal female patients? Pain Manag Nurs. 2013;14(4):e156–63.

26. Okyay R, Kocyigit BF, Gursoy S. Vitamin D levels in women with fibromyalgia
and relationship between pain, tender point count and disease activity.
Acta Medica Mediterranea. 2016;32(1):243–7.

27. Yildirim T, Solmaz D, Akgol G, Ersoy Y. Relationship between mean platelet
volume and vitamin D deficiency in fibromyalgia. Biomed Res. 2016;27(4):
1265–70.

28. Wepner F, Scheuer R, Schuetz-Wieser B, Machacek P, Pieler-Bruha E, Cross
HS, et al. Effects of vitamin D on patients with fibromyalgia syndrome: a
randomized placebo-controlled trial. Pain. 2014;155(2):261–8.

29. Warner AE, Arnspiger SA. Diffuse musculoskeletal pain is not associated with
low vitamin D levels or improved by treatment with vitamin D. J Clin
Rheumatol. 2008;14(1):12–6.

30. Maafi AA, Ghavidel-Parsa B, Haghdoost A, Aarabi Y, Hajiabbasi A, Shenavar
Masooleh I, et al. Serum vitamin D status in Iranian fibromyalgia patients:
according to the symptom severity and illness invalidation. Korean J Pain.
2016;29(3):172–8.

31. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357(3):266–81.
32. Durazo-Arvizu RA, Tian L, Brooks SPJ, Sarafin K, Cashman KD, Kiely M, et al.

The vitamin D standardization program (VDSP) manual for retrospective

laboratory standardization of serum 25-Hydroxyvitamin D data. J AOAC Int.
2017;100(5):1234–43.

33. Hsiao MY, Hung CY, Chang KV, Han DS, Wang TGI, Serum Hypovitaminosis
D. Associated with chronic widespread pain including fibromyalgia? A
meta-analysis of observational studies. Pain physician. 2015;18(5):E877–87.

34. von Kanel R, Muller-Hartmannsgruber V, Kokinogenis G, Egloff N. Vitamin D
and central hypersensitivity in patients with chronic pain. Pain Med. 2014;
15(9):1609–18.

35. Cutolo M, Paolino S, Sulli A, Smith V, Pizzorni C, Seriolo B. Vitamin D, steroid
hormones, and autoimmunity. Ann N Y Acad Sci. 2014;1317:39–46.

36. Gloth FM 3rd, Lindsay JM, Zelesnick LB, Greenough WB 3rd. Can vitamin D
deficiency produce an unusual pain syndrome? Arch Intern Med. 1991;
151(8):1662–4.

37. Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 statement:
updated guidelines for reporting parallel group randomised trials. BMJ.
2010;340:c332.

38. Kool MB, van Middendorp H, Boeije HR, Geenen R. Understanding the lack
of understanding: invalidation from the perspective of the patient with
fibromyalgia. Arthritis Rheum. 2009;61(12):1650–6.

39. Serhan E, Newton P, Ali HA, Walford S, Singh BM. Prevalence of
hypovitaminosis D in indo-Asian patients attending a rheumatology clinic.
Bone. 1999;25(5):609–11.

40. Looker AC, Dawson-Hughes B, Calvo MS, Gunter EW, Sahyoun NR. Serum
25-hydroxyvitamin D status of adolescents and adults in two seasonal
subpopulations from NHANES III. Bone. 2002;30(5):771–7.

41. Harris SS. Vitamin D and African Americans. J Nutr. 2006;136(4):1126–9.
42. Harris SS, Dawson-Hughes B. Seasonal changes in plasma 25-

hydroxyvitamin D concentrations of young American black and white
women. Am J Clin Nutr. 1998;67(6):1232–6.

43. Mitchell DM, Henao MP, Finkelstein JS, Burnett-Bowie SA. Prevalence and
predictors of vitamin D deficiency in healthy adults. Endoc Pract. 2012;18(6):
914–23.

44. Gaikwad M, Vanlint S, Mittinity M, Moseley GL, Stocks N. Does vitamin D
supplementation alleviate chronic nonspecific musculoskeletal pain? A
systematic review and meta-analysis. Clin Rheumatol. 2017;36(5):1201–8.

45. Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF, Bergman P,
et al. Vitamin D supplementation to prevent acute respiratory tract
infections: systematic review and meta-analysis of individual participant
data. BMJ. 2017;356:i6583.

46. EFSA Panel on Dietetic Products NaAN. Scientific opinion on the tolerable
upper intake level of vitamin D. EFSA J. 2012;10(7):2813–58.

Ellis et al. BMC Rheumatology  (2018) 2:28 Page 8 of 8

https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Eligibility criteria
	Search strategy
	Quality assessment
	Data extraction

	Results
	Search strategy
	Study characteristics
	Quality assessment
	Vitamin D levels in fibromyalgia patients and healthy controls
	Correlation of vitamin D with symptom scores
	Effect of vitamin D supplementation on pain scores

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

