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Abstract Recent studies showed that most cells have recep-
tors and enzymes responsible for metabolism of vitamin D.
Several diseases have been linked to vitamin D deficiency,
such as hypertension, diabetes, depression, Alzheimer's dis-
ease, Parkinson's disease, multiple sclerosis, and chronic
pain syndromes such as fibromyalgia. The association be-
tween fibromyalgia and vitamin D deficiency is very contro-
versial in the literature with conflicting studies and methodo-
logical problems, which leads to more questions than answers.
The purpose of this article is to raise questions about the
association of hypovitaminosis D with fibromyalgia consid-
ering causal relationships, treatment, and pathophysiological
explanations.
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Introduction

Fibromyalgia (FM) syndrome (FMS) is a common chronic
musculoskeletal disorder characterized by the presence of
widespread pain and multiple tender points on physical
examination [1e, 2]. Other important accompanying symp-
toms of FM are fatigue, sleep disturbance, psychological
distress, and cognitive disturbance [1e, 2].

FMS has to be persistent for at least 3 months and distinct
pain on digital palpation of at least 11 out of 18 defined
tender points. FMS is the common final product of various
etiological factors. Several factors are associated with the
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pathophysiology of FMS, but the causal relationship is still
unclear. This includes alterations of central pain pathways,
hyporeactivity of the hypothalamus-pituitary-adrenal axis,
increased systemic pro-inflammatory, and reduced anti-
inflammatory cytokine profiles, and disturbance in the do-
paminergic and serotonergic system [3¢].

FMS affects an estimated 1 %—4 % of the general popu-
lation [1e, 3¢]; women are about nine times more likely to
develop FMS than men [1e, 4].

Experiencing diffuse and persistent pain, which fits the
American College of Rheumatology criteria for FM, occurs
in many other medical conditions, such as migraine, chronic
fatigue pain, myofascial pain, and irritable bowel syndrome,
rendering the accurate diagnosis of these conditions trouble-
some. Several attempts have been made to link FMS with
vitamin D deficiency [5].

Vitamin D was misclassified as a vitamin; it may be more
appropriately considered as prohormone and its active 1,25-
dihydroxyvitamin D (1,25(OH)2D) metabolite functions as a
hormone, since it has its own receptors which are found in all
human tissues [3°].

Vitamin D deficiency might be clinically suspected if any
of the following are present: chronic(>3 months) or recurrent
musculoskeletal (muscle, bone, and/or joint) aches or pains
at any age, which are largely unexplained by specific injury,
disease, neuropathology or anatomic defect; persistent mus-
cle weakness, fatigue, and possibly difficulty walking; his-
tory of minimal sunlight exposure and/or inadequate dietary
or supplemental vitamin d intake; clinical signs/symptoms of
clinical osteomalacia which most typically appear late in the
course of the disease [3¢].

Vitamin D Deficiency Is Associated with Fibromyalgia
Plotnikoff and Quigley determined the prevalence of
hypovitaminosis D in 150 patients in primary care outpa-

tients with persistent, nonspecific musculoskeletal pain syn-
dromes refractory to standard therapies. Of the African
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American, East African, Hispanic, and American Indian pa-
tients, 100 % had deficient levels of vitamin D (<20 ng/mL).
Of all patients, 93 % (140/150) had deficient levels of vitamin
D (mean, 12,08 ng/mL). Nonimmigrants had vitamin D levels
as deficient as immigrants concluding that all patients with
persistent, nonspecific musculoskeletal pain are at high risk
for the consequences of unrecognized and untreated severe
hypovitaminosis D [6].

Gloth et al. described an unusual pain syndrome in 5 patients
with vitamin D deficiency. The pain had a hyperesthesic quality
and did not respond to analgesics, including opiate derivates or
tricyclic antidepressants. The pain resolved promptly and dra-
matically with the administration of ergocalciferol, and the
patients also demonstrated improved vitamin D states [7, 8].

A case series in Western New York by Prabhala et al.
demonstrated severe myopathy associated with vitamin D
deficiency. These patients experienced prompt resolution of
their pain and muscle weakness after vitamin D therapy [7, 9].

Straube el al conducted a critical analysis and found 3 obser-
vational studies exploring differences in 25-hydroxyvitamin D
(25-OHD) levels between patients with and without chronic
musculoskeletal widespread pain. Two very small studies
(104 patients in total) claimed significantly reduced 25-OHD
levels in patients with pain compared with controls [5, 10, 11].

However, in a recent large study, a significant association
between 25-OHD levels and increased pain was found in
only 1 of the several analyses for 3495 women but not for
3365 men [5, 12].

Badsha et al. determined the prevalence of vitamin D
deficiency (<20 ng/mL) among patients with FM or muscle
pain in a musculoskeletal clinic in the United Arab Emirates.
One hundred three (74 %) of these patients had a low vitamin
D level. Vitamin D deficiency was most common among
Arab patients (86 %) and Indo-Pakistani (87 %) and least
common among Caucasians (8 %) and was equally prevalent
among veiled and nonveiled patients. Treatment resulted in
clinical improvement in 90 % of patients concluding that
nonspecific muscle pains among Arab and Indian-Pakistani
populations may indicate vitamin D deficiency, and prompt
treatment can result in resolutions of symptoms [13].

Schwalfenberg revised 6 selected cases of improvement/
resolution of chronic back pain or failed back surgery after
vitamin D repletion, in a Canadian family practice setting, from
a state of deficiency/insufficiency to sufficiency and concluded
that insufficiency is common; repletion of vitamin D to normal
levels in patients who have chronic low back pain or have had
failed back surgery may improve quality of life or, in some
cases, result in complete resolution of symptoms [14].

Chronic low back pain in Saudi Arabia was studied by
Saud in Saudi Arabia. Initial assessment involved 360 patients
attending spinal and internal medicine clinics over a 6-year
period who had experienced low back pain that had no obvi-
ous cause for more than 6 months. 25-OHD level was
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performed before and after treatment with vitamin D supple-
ments. Findings showed that 83 % of the patients had an
abnormally low level of vitamin D before treatment with
vitamin D supplements. After treatment, clinical improvement
in symptoms was seen in all the groups that had a low level of
vitamin D [15].

Another prospective study in Saudi Arabia evaluated 100
women suffering from FMS. Blood level of 25-OHD was
estimated at initial visit and every 4 weeks until its level
exceed 50 ng/mL. The patients with vitamin D deficiency
were treated with ergocalciferol 50,000 IU once weekly until
their blood level of 25-OHD exceeded 50 ng/mL. There were
61 women with 25-OHD deficiency; with vitamin D supple-
mentation, 42 women showed a significant improvement
when their blood level of 25-OHD became >30 ng/mL. This
improvement became more significant when their blood
level exceeded 50 ng/mL. Therefore the authors concluded
that vitamin D deficiency has to be considered in the
management of FMS [3¢].

Vitamin D deficiency causes osteopenia, precipitates and
exacerbates osteoporosis, causes the painful bone disease
osteomalacia, and worsens proximal muscle strength and pos-
tural sway. Vitamin D deficiency and osteomalacia should be
considered in the differential diagnosis of patients with mus-
culoskeletal pain, FM, chronic fatigue syndrome, or myositis
[16].

FM is a complex problem in which symptoms of anxiety
and depression feature prominently. Seventy-five Caucasian
patients who fulfilled the ACR criteria for FM had serum
vitamin D levels measured and completed the FM Impact
Questionnaire (FIQ) and Hospital Anxiety and Depression
Score (HADS). Deficient levels of vitamin D was found in
13.3 % of the patients, while 56.0 % had insufficient levels
and 30.7 % had normal levels. Patients with vitamin D
deficiency (<25 nmol/L) had higher HADS than patients
with insufficient levels or than patients with normal levels
(50 nmol/L or greater). Vitamin D deficiency is common in
FM and occurs more frequently in patients with anxiety and
depression. The nature and direction of the causal relation-
ship remains unclear, but there are definite implications for
long-term bone health [17].

Mouyis et al. found that 25-OHD levels was substantially
reduced among patients with inflammatory arthritis and
chronic pain. 25-OHD levels were low in all rheumatology
conditions when compared with a local healthy reference
interval, including FM [18].

The European Male Ageing Study found low levels of
vitamin D in a male population with musculoskeletal pain
[19ee]. Heidari et al. studied a total of 276 patients with
nonspecific skeletal pain at different regions of the skeletal
system diagnosed as leg pain, widespread pain, arthralgia,
rib pain, back pain, and FM were compared with 202
matched controls with regard to mean serum 25-OHD level



Curr Pain Headache Rep (2013) 17:355

Page 3 of 7, 355

and 25-OHD deficiency. The results of this study indicate a
positive association of vitamin D deficiency with a variety of
nonspecific bone pain, particularly in women [20se].

Egyptian women with FM study was assessed and com-
pared serum vitamin D level and bone mineral density(BMD)
value in patients with primary FMS (PFMS) and healthy
controls. Serum level of the 25-OHD is inversely correlated
with visual analogue scale (VAS) of pain (P=0.016), Beck
score for depression (P=0.020), and BMD at lumbar
spine (P=0.012) concluding that FMS is a risk factor for
osteoporosis [21¢].

Vitamin D deficiency causes muscle weakness and mus-
cle aches and pains in both children and adults. Glerup et al.
[22, 23] reported that 88 % of Danish women of Arab
descent who presented with muscle pains and weakness were
severely vitamin D—deficient. Bischoff et al. [22, 24] ob-
served that adults with vitamin D deficiency have muscle
weakness and are more likely to fall.

Al-Allaf et al. determined whether women with FM are at
increased risk of developing osteoporosis or osteomalacia.
Forty premenopausal women with FM and 37 age-matched
female controls were studied. Broadband ultrasound attenu-
ation (BUA) and velocity of sound (VOS) were measured at
the calcaneum and bone mineral density was measured at the
forearm and lumbar spine using dual-energy X-ray absorpti-
ometry. Serum calcium, alkaline phosphatase, gamma-
glutamyl transferase 25-OHD and plasma viscosity were
measured in all subjects and parathyroid hormone was mea-
sured in subjects recruited in the latter part of the study.
Seventeen patients with FMS and 7 controls had 25-OHD
concentrations <20 nmol/l (P<0.015) and in 3 FMS patients
serum parathyroid hormone was raised. Bone density in FM
patients was slightly lower at the mid-distal forearm but
comparable with that in controls at other sites. There is no
reason to recommend routine bone densitometry in FM
patients. However, vitamin D subnutrition is common in
these patients and this should be sought [25].

Vitamin D Deficiency is not Associated
with Fibromyalgia

Block criticized Plotnikoff and Quigley study (6) because
the selected patients who had “at least 2 months of nonspecific,
persistent musculoskeletal pain refractory to standard interven-
tions” but none of whom “had FM as strictly defined by
American College of Rheumatology (ACR) criteria” that re-
quire at least 3 months of symptoms. Furthermore, there
were no controls [26].

Block evaluated 101 white patients with chronic, wide-
spread musculoskeletal pain without an evident cause. Two
thirds of the 101 patients fulfilled the ACR criteria for FM.
Vitamin D levels were similar in all groups. Of the 9 patients

with vitamin D levels less than 10 ng/mL, 7 agreed to take
50,000 IU of vitamin D weekly for 8 weeks and 5 found the
therapy of no benefit for their pain. A difference was not
confirmed in vitamin D levels between those patients with
chronic musculoskeletal pain who fit the ACR criteria for FM
and those who did not; and there was no reason to suspect that
vitamin D therapy would benefit this group of patients [26].

Tandeter et al. tested the levels of 25-OHD in patients 68
premenopausal women with a diagnosis of FM and 82 age-
matched premenopausal women without. No statistically sig-
nificant differences were found between the groups regardless
of the cutoff levels used. A logistic regression model for
predicting women with 25 OHD levels<20 ng/mL showed
that all the variables examined in both groups (age, country of
birth, education) were not statistically significant [27].

One study compared 25 women with systemic lupus
erythematosus (SLE) with 25 women with FM. Serum 25-
OHD levels did not significantly differ between SLE and FM
patients but 1,25(OH)2D tended to be lower in the SLE
compared with the FM patients. This difference could be
attributed to hydroxychloroquine use [28].

The evidence regarding any association between vitamin
D deficiency and FM, addressing whether general practitioners
should be testing and treating these patients for vitamin D
deficiency. A systematic literature review was performed, using
MEDLINE as the primary database. The evidence for an asso-
ciation between FM and vitamin D deficiency is inconclusive,
with no improvement in pain on supplementation. However,
patients with concurrent risk factors for deficiency should be
tested and treated for vitamin D deficiency to minimize osteo-
porosis risk and maximize muscular strength [29¢¢].

Warner compared vitamin D levels in patients with diffuse
musculoskeletal pain with controls and evaluation of the
effect of treatment with vitamin D on diffuse pain. Low
vitamin D levels were not associated with diffuse musculo-
skeletal pain, and treatment with vitamin D does not reduce
pain in patients with diffuse pain who have low vitamin D
levels [30].

A cross-sectional study aimed at evaluating 25-OHD se-
rum levels in 87 patients with FM, compared with a control
group composed of 92 age- and sex-matched subjects with no
chronic musculoskeletal pain. There was no statistically sig-
nificant difference between groups either with respect to mean
serum concentration of 25-OHD or as to the classification of
levels as deficient, insufficient, or sufficient. There was no
correlation of 25-OHD levels with pain intensity [31e¢].

Pathophysiology of Vitamin D Deficiency
in Fibromyalgia

The discovery that most tissues and cells in the body have a
vitamin D receptor and that several possess the enzymatic
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machinery to convert the primary circulating form of vitamin
D, 25-OHD , to the active form, 1,25(OH)2D, has provided
new insights into the function of this vitamin [32].

Vitamin D from the skin and diet is metabolized in the
liver to 25-OHD, which is used to determine a patient’s
vitamin D status; 25-OHD is metabolized in the kidneys by
the enzyme 25-hydroxyvitamin D-1ahydroxylase (CYP27B1)
to its active form, 1,25(OH)2D. The renal production of
1,25(OH)2D is tightly regulated by plasma parathyroid hor-
mone levels and serum calcium and phosphorus levels [32].

Lewis et al. believe that FMS may result from a physio-
logic blockade within the parathyroid axis, the endocrine
system which produces activated vitamin D. If correct, this
would put FMS in the same etiologic category as rickets, the
bone-deforming disease of childhood [33e¢]. The authors
suggest that FMS, like rickets, may suppress the production
of activated vitamin D via the parathyroid axis. Rickets
blocks the first step in that process, and they propose that
FMS blocks the final step in the same process.

Whenever the parathyroid glands detect a drop in the
body’s ionized calcium level, they release into the blood a
burst of parathyroid hormone (PTH). Arriving at the kidneys,
the PTH triggers the renal release of phosphorus. This in turn
signals specialized kidney cells to release la-hydroxylase
(1a-OHase), the critical enzyme needed to convert 25-OHD
into 1,25(0OH)2D. This sequence of events hinges very large-
ly on the appropriate renal release of phosphorus. If this
release does not occur, the creation of the hydroxylase en-
zyme may be suppressed, and with it the transformation of
25-OHD into 1,25(0OH)2D [33ee, 34]. This is what may
happen in FMS, since 2 factors known to suppress PTH
release and/or the renal release of phosphorus are also prom-
inent characteristics of FMS [33e¢¢]. The first of these factors
is chronic sympathetic hyperactivity, a virtual hallmark of
FMS [33ee, 34]. Research indicates that sympathetic hyper-
activity suppresses PTH release in humans. The second
factor is more subtle than the first, and may account for the
fact that women are more likely to be afflicted with FMS
than men [33, 35]. Women live for much of their lives
under the influence of a strong central respiratory stimulant,
progesterone [36]. By increasing respiration, progesterone
creates a mild respiratory alkalosis. The kidneys compensate
for this by mildly alkalizing the urine, which may account for
the higher average urinary pH for women (5.37) than for men
[36, 37]. The important fact here is that the formation of
relatively alkaline urine in response to a mild respiratory
alkalosis is highly anti-phosphaturic in humans [36].This
would not mean that men do not get FMS, but simply that
women would be at much greater risk, which is indeed the
case [38].

Significant evidence indicates that hypothalamic dysfunc-
tion occurs in FM, particularly involving the hypothalamic-
pituitary-adrenal axis causing responses to stressors, increased
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levels of neurotrophins in the cerebrospinal fluid (CSF),
suggesting that this disorder is of central origin [39, 40].

There has been accumulating evidence that chronic pain is
associated with changes in brain anatomy, particularly relat-
ed to a decrease in the gray matter in chronic patients [39,
41]. The longer the patients had FM, the greater the matter
loss, particularly in regions associated with pain modulation
or stress, such as the cingulate, insular, and medial frontal
cortices, parahipocampal gyri, and thalamus, thus reinforcing
the concept that FM is a stress-related disorder related to the
sensitization of CNS pain pathways [39].

A continuum of an increasing number of tender points
with several painful body segments seems to occur. Some
authors have hypothesized that FM represents 1 end of a
spectrum of pain and tender points, and that both traits are
probably continuous in the general population. Thus, a
myofascial syndrome may progress to a severe FM [39, 42].

The probable mechanisms of allodynia and hyperalgesia
are still unknown, although evidence suggests that several
levels of the nociceptive system, from the nociceptors in the
muscle to the cortex, are involved. The central sensitization
of nociceptive neurons in the dorsal horn because of the
activation of N-methyl-D-aspartic (NMDA) acid receptors
and the resultant triggering of pain, due to an imbalance
between inhibitory and facilitatory impulses in the descend-
ing tracts from the brainstem to the dorsal horn, appears to be
the cause of hypersensitivity to pain [39, 43].

Eyles et al. studied the distribution of the 1,25(OH)2D
receptor (VDR), and la-hydroxylase (1a-OHase), the en-
zyme responsible for the formation of the active vitamin in
the human brain. The strongest immunohistochemical stain-
ing for both the receptor and enzyme was in the hypothala-
mus and in the large (presumably dopaminergic) neurons
within the substantia nigra. The widespread distribution of
la-OHase and the VDR suggests that Vitamin D may have
autocrine/paracrine properties in the human brain [44].

Thus, the nuclear receptor for 1,25(OH)2D has been lo-
calized in neurons and glial cells. Genes encoding the en-
zymes involved in the metabolism of this hormone are also
expressed in brain cells. The reported biological effects of
1,25(0OH)2D in the nervous system include the biosynthesis
of neurotrophic factors and at least 1 enzyme involved in
neurotransmitter synthesis. 1,25(OH)2D can also inhibit the
synthesis of inducible nitric oxide synthase and increase
glutathione levels, suggesting a role for the hormone in brain
detoxification pathways. Neuroprotective and immunomod-
ulatory effects of this hormone have been described in sev-
eral experimental models, indicating the potential value of
1,25(0OH)2D pharmacological analogs in neurodegenerative
and neuroimmune diseases [45].

Besides the effect on central nervous system, Vitamin D
may improve muscle strength through a highly specific
nuclear receptor in muscle tissue [45]. This effect may be
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mediated by de novo protein synthesis [45—47] which affects
muscle cell growth through a highly specific nuclear receptor
expressed in muscle tissue [48—50]. In 1 study, treatment
with la-OHase increased the relative number and size of
Type II muscle fibers in elderly women within 3 months of
treatment [46, 48].

Therefore, the skeletal muscle and brain have a vitamin D
receptor and the central nervous system has a capacity to
activate vitamin D [50].

For the neuromuscular system 1,25(OH)2D influences
skeletal muscle calcium uptake, phosphate transport across
the cell membrane, phospholipid metabolism, and muscle
cell proliferation and differentiation. Furthermore vitamin D
plays a key role in signal transduction by activating protein
kinase C enhancing calcium release and increasing the
calcium pool intracellularly which is essential for mus-
cle contraction [51e, 52, 53]. In the brain the prefrontal
cortex, cingulated gyrus, hippocampus, basal forebrain,
caudate/putamen, thalamus, substantia nigra, lateral genicu-
late nuclei, hypothalamus, and cerebellum express the VDR
[44, 51e, 54]. It has also been demonstrated that the cerebral
cortex also expresses the 1a-OHase and thus the central ner-
vous system has the capacity to locally produce 1,25(OH)2D
[51e, 55]. 1,25(0OH)2D has been shown to influence the pro-
duction and activity of glial cell line-derived neurotrophic
factor, neurotrophin, calcium binding proteins, proteins sub-
units for L-type voltage sensitive calcium channels, which are
important for the proliferation and differentiation of neurons
[45, 51., 56].

We hypothesized that hypovitaminosis D could be a risk
factor (not necessarily the cause) for worsening of FM
caused by peripheral and central mechanisms.

There would be both peripheral and central similar to
what occurs in other chronic pains such as chronic migraine.

Even the relationship between chronic migraine and FM
has been the focus of previous studies [39, 57-60].

We conducted a study to be presented at the International
Headache Congress this year that compared the levels of vita-
min d. Individuals were divided into 3 groups: healthy controls
(79), episodic migraine (128), and chronic migraine (91). Pa-
tients had low 25 OHD levels compared with controls (25.1-

ng/mL+11.7 vs 27.3 ng/mL+8.6, P=0.03). Chronic mi-
graine patients (22.9 ng/mL+11.2) had low levels com-
pared with episodic migraine (26.1 ng/mL+11.0,
P=.004) and controls (27.3 ng/mL=+8.6, P=0.003). Sig-
nificantly more chronic migraine patients were below 20-

ng/mL, compared with controls (P<0.001), as well as
episodic migraine vs controls (P<0.001); when migraine is
linked to hypovitaminosis D, chronic migraine has even lower
25 OHD levels. Decrease in vitamin D may be cause or conse-
quence of migraine. Further studies are necessary to verify the
role of vitamin D in migraine and other headache disorders
[61].

Conclusions

Over the past years, there has been renewed interest in
vitamin D. This is due to the great epidemic of vitamin D
deficiency that affects a large part the world’s population,
and the discovery of the presence of receptors and enzyme
system of vitamin D in various cells in the body.

The causal relationship of hypovitaminosis D with fibro-
myalgia remains unknown. Treating vitamin D deficiency
can benefit long-term bone health and muscle strength, both
of which are important for patients with fibromyalgia and the
general population; there is no doubt that it is necessary
investigate the levels of vitamin D in general practice, not
only in relation to fibromyalgia.
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