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Abstract Chronic nonspecific musculoskeletal pain (CNMP)
is an idiopathic condition often seen in general practice and
rheumatology clinics, the aetiology of which may include vi-
tamin D deficiency. The objective of the present study is to
evaluate the effectiveness of vitamin D supplementation in the
management of CNMP through a systematic review andmeta-
analysis. According to PRISMA guidelines, PubMed,
Embase, Web of Science, Cochrane and Scopus electronic
databases were searched for randomised controlled trials com-
paring vitamin D supplementation to a control or placebo in
CNMP patients; the search was not limited by language or
date. Meta-analysis was performed using the mean and
standardised mean difference which was computed with
95 % confidence intervals, and overall effect size was calcu-
lated. Both fixed and random effects models were used in
meta-analysis to account for heterogeneity in the studies.
The initial search identified 107 studies, of which 10 were
potentially relevant, with 7 studies excluded because they
did not meet selection criteria. Three studies were included
in the meta-analysis. We found no effect of vitamin D

supplementation (standardised mean difference (SMD)
0.004; 95 % confidence interval (CI) −0.248 to 0.256) on pain
in CNMP patients. Forest plot is used to present the results
from meta-analysis. Contrary to a widespread clinical view,
there is a moderate level of evidence that vitamin D supple-
mentation is not helpful for treating CNMP patients.
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Introduction

Chronic nonspecific musculoskeletal pain (CNMP) is an idio-
pathic condition which is a common presentation to rheumatol-
ogy clinics [1, 2]. CNMP is associated with decreased physical
health, mental well-being, social life [3, 4], work ability [5] and
disability [6]. Many sufferers become stuck on a descending
spiral of economic, social, emotional and physical disadvantage
[7, 8]. CNMP is a significant burden to the economy [9]. The
aetiology of CNMP is not well understood, and although many
potential contributors have been identified [10], a clear nocicep-
tive source has not, and empirical data concerning other contrib-
utors are lacking. As a result, CNMP is difficult to diagnose,
prevent or treat. One potential contributor that receives substan-
tial attention clinically and has been investigated in a range of
clinical studies is vitamin D deficiency [11, 12].

Vitamin D is involved in many regulatory biological process-
es. In addition to calcium homeostasis, vitamin D is thought to
have anti-inflammatory, anti-apoptotic and anti-fibrotic effects; it
is thought to play a role in regulating blood pressure and in innate
and adaptive immune system function [13, 14]. This range of
biological effects highlights the potential role of vitamin D defi-
ciency in the development of symptoms associated with acute
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and chronic rheumatic diseases, and it is biologically plausible
that vitamin D deficiency contributes to the development and
maintenance of CNMP. That people with vitamin D deficiency
can present with nonspecific muscular pain and bone pain has
been reported [15], and several studies have suggested a causa-
tive role [16–18]. However, a recent Cochrane review [19] in-
vestigated vitamin D supplementation for the treatment of a
range of chronic painful conditions and concluded no substantial
effect. Given the different pathophysiological origins of the con-
dition included, such as osteoarthritis, rheumatoid arthritis and
fibromyalgia, such a finding was perhaps not surprising. The
authors of that review suggested that specific conditions should
be investigated individually. We contend that another aspect of
that review may have contributed to its null findings: there was
no attempt to confine source literature to direct comparisons
between vitamin D and a control or placebo. This is important
in this field because it is arguably very difficult to isolate the
treatment effect attributable to vitamin D supplementation when
it is instigated as a part of multimodal intervention.

Despite the clinically topical nature of the issue and the
substantial literature, no attempt has been made to conduct
meta-analyses. Meta-analyses provide the obvious advantage
of increasing power and estimating effect sizes, which can
then be re-tested in subsequent studies [20]. We aimed to fill
these substantial gaps in the literature by using gold standard
systematic review and meta-analysis methodology to evaluate
the evidence concerning the effect of vitamin D

supplementation, when compared in a randomised controlled
trial to a placebo, on pain in people with CNMP.

Methods

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Statement [21] was followed for this review.

Inclusion criteria

Only randomised controlled trial (RCT) or randomised
double-blind control study designs were eligible. For inclu-
sion, RCTs had to compare vitamin D supplementation to a
control or placebo and measure the pain outcome using Visual
Analogue Scale (VAS). No restrictions were applied for lan-
guage but restricted the studies to those conducted on
Bhumans^.

Exclusion criteria

Studies including patients previously diagnosed with an in-
flammatory joint disease, postsurgical patients or patients with
experimentally induced pain were excluded.

Table 1 Electronic search strategy tailored to each database

PubMed

Chronic
[ALL] OR

Persistent [ALL]

Nonspecific [ALL] OR
Non-specific [ALL]

Musculoskeletal
[ALL]

OR Musculoskeletal
pain* [ALL]

Pain [MH] OR
Pain* [ALL]

vitamin D*[ALL] OR
Cholecalciferol [ALL] OR
Hydroxycholecalciferol*

[ALL] OR
Hydroxyvitamin D*

[ALL] OR
Ergocalciferol* [ALL]

Embase

Chronic OR
Persistent

Nonspecific
OR BNon specific^

Musculoskeletal
NEAR/4 pain*

Bvitamin D^ OR Bvitamin d2^ OR Bvitamin d3^ OR
Cholecalciferol OR Hydroxycholecalciferol* OR
BHydroxyvitamin D^ OR Bhydroxyvitamin d2^
OR BHydroxyvitamin D3^ OR Ergocalciferol*

Web of Science:

Chronic OR
Persistent

Nonspecific
OR BNon specific^

Musculoskeletal
NEAR/4 pain*

Bvitamin D^ OR Bvitamin d2^ OR Bvitamin d3^
OR Cholecalciferol OR Ergocalciferol*
OR Hydroxycholecalciferol* OR BHydroxyvitamin D^
OR Bhydroxyvitamin d2^ OR BHydroxyvitamin D3^

Cochrane Library:

Chronic OR
Persistent

Nonspecific
OR BNon specific^

Musculoskeletal
AND pain*

Bvitamin D^ OR Bvitamin d2^ OR Bvitamin d3^
OR Cholecalciferol OR Hydroxycholecalciferol*
OR BHydroxyvitamin D^ OR Bhydroxyvitamin d2^
OR BHydroxyvitamin D3^ OR Ergocalciferol*

Scopus:

Chronic OR
Persistent

Nonspecific
OR BNon specific^

Musculoskeletal
W/3 pain*

Bvitamin D^ OR Bvitamin d2^ OR Bvitamin d3^
OR Cholecalciferol OR Hydroxycholecalciferol*
OR Ergocalciferol* OR BHydroxyvitamin D^
OR Bhydroxyvitamin d2^ OR BHydroxyvitamin D3^ OR
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Search strategy

An electronic search was performed on five databases—
PubMed, Embase, Web of Science, Cochrane and Scopus.
The search period was set from the time of commencement
of these databases up to 3 November 2015. The search strat-
egies for each database are listed in Table 1. MG and SV
independently searched for potentially eligible studies based
on the study title and then read the abstracts and selected
potentially relevant studies, from which studies not matching
the selection criteria were excluded. Full articles of the re-
maining studies were reviewed for inclusion. The reference
lists of selected studies were manually searched to find addi-
tional potential papers.

Data extraction

The final selection of the studies was collectively made by the
group. Data extraction was performed by MG and MM using
a standardised data extraction form similar to Table 2
highlighting the characteristics of selected studies. Data was

extracted on sample size, characteristics of participants, inter-
vention type and control group, main outcome and adverse
events. The review team was never blinded to authors’ names
or institutions, journal of publication and study results. MM
provided the statistical support and help in performing the
analysis. The manuscript was collectively written by the team,
and all authors approved the final draft.

Quality assessment of selected studies

The five-point Jadad score was used to assess the methodo-
logical quality of studies. Following, questionnaire formed the
basis of scoring [22]

1. Was the study described as randomised?
2. Was the study described as double blind?
3. Was there a description of withdrawals and dropouts?

Each question is answered either yes or no; with each yes,
the study is scored 1 point and no scored 0 points. For well-
described method of randomisation and blinding, additional

Table 2 Characteristics of included studies

Author/
year

Design Sample size Participants Main complaints Intervention Follow-
up
period
(weeks)

Outcome

Sakalli et al.
(2012)

Randomised
placebo-
controlled
double-blind trial

Randomised
group n = 120

- Elderly patients
aged >65 years

- Attended
rheumatology outpatient
clinic.

Nonspecific msk
pain

Oral and
intramuscular
vitamin D

4 A single mega dose
vitamin D decrease
nonspecific msk pain.
Improved QoL and
improved functional
mobility in elderly.

Schreuder
et al.
(2012)

Semi-crossover
randomised
controlled trial

Randomised
Group n = 88

Age 18 to 60 years.
- Patients from ten

general practices in
Delft, The
Netherlands,
nonwestern
immigrants and
their offsprings

Frequent, recurrent
msk pain or pain
lasting
>3 months
without obvious
cause (trauma,
arthritis, sciatica).

Oral vitamin D
150,000 IU in
7.5 ml oil OR
placebo in
7.5 ml
oil having same
appearance and
taste

6 A small positive effect on
pain 6 weeks after
high-dose vitamin D
supplementation

Warner et al.
(2008)

Randomised
controlled trial

Randomised
group n = 50

Control group
n = 104

- Age group not
specified.

- Rheumatology
practice, Kansas
City, Missouri.

Diffuse
musculoskeletal
pain

50,000 IU
ergocalciferol.

12 Vit D deficiency
correction did not
improve msk pain.

Table 3 Jadad scores of included studies

Study Randomization (max points 2) Blinding (max points 2) Account of all patients
in the trial (max 1 point)

Total
points

Author/year Randomization
mentioned

Method of
randomization
appropriate

Blinding
mentioned

Method of blinding
appropriate

Schreuder et al. (2012) 1 1 1 1 1 5

Sakalli et al. (2012) 1 1 1 1 0 4

Warner et al. (2008) 1 1 1 1 1 5
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points are given respectively. However, 1 point each was
deducted if the described method of randomisation and
blinding was incorrect. Clinical trials scoring more than 3
are considered as high quality (refer Table 3).

Data analysis

Meta-analysis of the standardised mean differences
(SMDs), and their standard errors, in VAS scores was
performed between vitamin D-treated and placebo-
treated groups. SMD has several versions such as
Cohen’s d [23], Glass’s Δ [24] and Hedges’ g [25];
however, we have used the simple SMD which is the
ratio of the mean difference and the standard deviations.
The value SMD less than 0.5 is considered to be small
effect, from 0.5 to 0.8 medium effect and greater than
0.8 large effect [26]. Summary effect estimates were
calculated with the fixed effects models. Analysis was
performed in Stata, version 12.1, software (StataCorp
LP, College Station, TX) using the metan commands
[27]. The heterogeneity between studies was assessed
by computing the I2 statistics. A value of 0 inferred
no heterogeneity, and value above 50 % is recognised
as substantial heterogeneity [26]. Following Bailey [28],
we used fixed effects model, as the objective of this
study is to test whether the intervention has produced
an effect in a set of homogenous studies. In the fixed
effects model, we weighted the data by the amount of
information (inverse of the variance of the study) that is
captured by the study.

Results

The initial search located 101 studies from the databases
(PubMed 14, Embase 20, Web of Science 19, Cochrane
Library 45 and Scopus 9). After reviewing the title, the ab-
stract and removal of the duplicates, ten studies were identi-
fied for potential inclusion (Fig. 1). Full text of these articles
was reviewed and assessed. Of these ten articles, seven were
excluded because they did not meet our selection criteria of
study design, thus leaving us with only three studies, for
conducting the systematic review [29–31]. These three studies
used a RCTstudy design to investigate the effect of vitamin D
supplementation (treatment group) compared to a placebo
(control group) in CNMP patients.

The characteristics of the selected studies are described in
Table 2. The three studies included in the meta-analysis eval-
uated 492 participants in total. The participants were generally
adults with their mean ages ranging from 41 to 76 years. The
majority of participants in all studies were females. All studies
measured pain, and one study also measured functional mo-
bility and quality of life. Study sample sizes ranged from 84 to
288 subjects. All three studies used VAS to measure changes
in pain (outcome); in addition, studies also used the timed up
and go test (TUG) [29], functional pain scores (FPS) [31] and
Likert scales [30]. All studies used oral route for administering
vitamin D except Sakalli et al. study which, in addition. also
used intramuscular route for administering vitamin D. This is
reflected in the Fig. 2 which shows four studies namely study
A, Schreuder et al. study; study B1, Sakalli et al. oral vitamin
D supplementation group; study B2, Sakalli et al. intramuscu-
lar vitamin D supplementation group; and study C, Warner

Studies excluded a�er: 
Ini�al screening of �tle and abstract (n=77)

Studies iden�fied from literature search (n=107) 

Full text of studies retrieved for further evalua�on (n= 30) 

 Duplicate studies excluded (n= 20) 

Full text of studies retrieved for further evalua�on (n= 30)

Studies excluded: 
Not RCT (n= 4), pa�ent criteria unfulfilled (n = 3)

Total number of RCTs included (n=3) 

Fig. 1 Flow chart diagram of
study selection
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et al. study. We did this to test if the mode of administration
influenced the strength of the clinical effect. The trial period of
selected studies was 4 weeks [29] and 12 weeks [32, 33]. Of
the three included studies, only one study reported that none
of the participants experienced adverse events during the trial
or in the follow-up period [30]. In general, all studies scored
highly on methodological quality with two studies scoring 5
and one study scoring 4 (Table 3).

Out of the three selected studies, two showed reduction in
pain, following treatment with single mega-dose vitamin D
supplementation [29, 30], and one showed no effect on pain
following vitamin D supplementation [31].

Meta-analysis result

The results from meta-analysis are presented in the forest plot
(Fig. 2). The horizontal lines, depicting the length of confi-
dence intervals, for study A and study B1 are on treatment side
indicating a modest effect of the intervention on pain in
CNMP patients, while for study B2 and study C, the lines
are on control side representing no effect of intervention.
The overall effect (represented by black diamond in Fig. 2)
lies on the line of no effect, indicating that the average effect
size of the pooled analysis is 0. The I2 statistic is 62.4 %,
indicating a moderate level of heterogeneity in the pooled
analysis, which confirms that the variation is not due to
chance. The overall pooled SMD was 0 with confidence in-
terval (CI) ranging between −0.25 and 0.26, p value=0.97,
indicating that the intervention has no clinical effect on the
CNMP (Fig. 2). The test for overall effect is not statistically
significant.

To split the variance as within- and between-study vari-
ance, we also analysed data using random effects model
(Fig. 3). The overall pooled SMD was 0.05 with CI ranging

from −0.37 to 0.46, I2=61.4 and p value=0.05 reiterating no
statistical significance.

Discussion

We aimed to evaluate the evidence concerning the effect of
vitamin D supplementation, when compared in a RCT to a
placebo, on pain in people with CNMP. Our results are in
contrast to the prevailing clinical opinion [1, 17, 32] insofar
as they suggest that vitamin D supplementation does not de-
crease pain in CNMP, when compared to a placebo. Our re-
sults also show, however, that robust RCT data are perhaps
more limited than would be assumed: despite a comprehen-
sive search strategy, only three RCTs, with total of 492 partic-
ipants, satisfied our a priori criteria. The included trials com-
posed of participants aged between 41 and 76 years with vi-
tamin D levels of 20 nmol/L or less. A range of doses of
vitamin D were administered in each included trial, but there
was no evidence of a dose-response relationship.

The current study raises new questions for the investigation
of CNMP. Our results clearly suggest that vitamin D supple-
mentation is not helpful for CNMP. According to the Grading
of Recommendations Assessment, Development and
Evaluation (GRADE) [33], we suggest that there is low to
moderate evidence (one high-quality study or several studies
with some limitations but consistent results) [33] that vitamin
D supplementation is not helpful for people with CNMP.

It is notable that the proposed mechanisms by which vitamin
D deficiency might contribute to CNMP—disruption of calcium
homeostasis and a loss of anti-inflammatory, anti-apoptotic or
anti-fibrotic effects [13, 14]—imply that the primary cause of
CNMP lies within the tissues of the body. Although such mech-
anisms seem intuitive, they are not necessarily consistent with

Fig. 3 Forest plot using random
effects model

Fig. 2 Forest plot using fixed
effects model
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modern models of CNMP and other chronic pain conditions.
Although vitamin D deficiency, through disruption of immune
regulation [13, 14], could disrupt the neuroimmunological pro-
cesses that subserve pain [34], the assumption that this would
increase pain rather than decrease it remains to be properly tested.
The prevailing theories with regard to chronic pain place greater
emphasis on enhanced sensitivity within the nociceptive system
[35], increased contribution of non-nociceptive sensory inputs
and associative learning [36], and cognitive mechanisms that
emphasise perceived threat to body tissue and behavioural pro-
cesses linking fear of pain, activity avoidance and catastrophising
[37] and de-emphasise ongoing tissue pathology or damage
(with some exceptions, for example, seronegative arthropathies)
[38]. Indeed, CNMP is widely considered to be influenced by a
wide range of biological, physical, psychological and social fac-
tors [7] and management approaches reflect this biopsychosocial
framework [39, 40]. Perhaps, vitamin D supplementation might
play a more important role in painful conditions that more obvi-
ously relate to tissue inflammation, for example, rheumatoid ar-
thritis, although this remains to be determined.

The biological complexity of vitamin D effects leaves open
the possibility that supplementation could offer benefit for peo-
ple with CNMP and that the current research base is not suffi-
cient to detect it. That is, protocols of the RCTs may have led to
inadequate rise in serum vitamin D levels postsupplementation
[41] due to noncompliance, although one might argue that such
interventions are really Badvice to take a particular action^ rath-
er than the action itself [42]. Different effects may also relate to
heterogeneity of body mass index (BMI) between participants.
Alternatively, standard doses of vitamin D supplementation
may not always produce predictable increases in the vitamin
D levels [41] or predictable rates at which vitamin D level
changes [43], potentially masking positive effects. That other
study designs, for example, clinical studies [1], observational
[18], cross-sectional and case report studies [17], have demon-
strated moderate benefit following supplementation may reflect
an advantage of tailored supplementation regimes (although
considering the findings of such studies, one should remember
that these study designs are highly vulnerable and may overes-
timate true effects) [44].

The relative paucity of RCTs comparing vitamin D supple-
mentation to placebo is surprising, considering the widespread
clinical endorsement of the idea. The available data are also
not very generalisable to all ages because most studies have
investigated primarily postmenopausal women and compared
nonstandard doses for which there is little justification.
Estradiol is recognised as a physiological predictor of vitamin
D binding protein [45], and postmenopausal women show a
higher natural decline in vitamin D levels than premenopausal
women [46], suggesting that it would be important to investi-
gate the variance in vitamin D levels in premenopausal wom-
enwith depleting estradiol levels as well as in younger women
with normal estradiol levels. Furthermore, CNMP is highly

prevalent in children and adolescents, but this group has not
been investigated with regard to vitamin D.

There are several considerations, strengths and limitations
of the current study. We included the Warner et al. study [31]
even though they diagnosed participants with primary fibro-
myalgia, not CNMP. On closer appraisal, the participants in
their study did not satisfy the ACR criteria for fibromyalgia
but did satisfy criteria for CNMP. The strengths of this study
are its focus on CNMP and inclusion of meta-analysis, as was
recommended in a recent Cochrane review [19]; the absence
of language or publication restrictions, giving confidence that
we did not miss important studies; and the confinement of
included studies to those that used a RCT design, because they
provide the most rigorousmethod of verifying if a cause-effect
relationship exists between the intervention and outcome [47].
We used SMD score to evaluate the clinical relevance and CI
for inference because it focuses on the probability and signif-
icance of the intervention and helps to establish the clinical
and statistical significance of the findings [48]. There are also
limitations: the forest plot shows variability between the stud-
ies, and broad 95 % CIs show the imprecision of the results, a
common problem with small sample sizes [48]. The most
significant limitation is indeed the lack of source literature,
which is particularly pertinent to the field because it contrasts
with popular clinical belief.

This study shows that there is no proven effect of vitamin D
supplementation on pain in people with CNMP, when com-
pared to a placebo.We conclude that there is GRADE C (low)
to level B (moderate) evidence that vitamin D supplementa-
tion is not helpful for people with CNMP. Clearly, more robust
and nuanced RCTs might have an important impact on our
confidence in the estimate of effect [33].
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