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Background: There is conflicting evidence from previous qualitative reviews on the effect of
vitamin D supplementation on pain.

Objective: To determine with quantitative methods if vitamin D supplementation lowers pain
levels.

Study Design: Quantitative meta-analysis of published randomized controlled trials (RCTs).

Setting: This meta-analysis examined all studies involving the effect of vitamin D supplementation
on pain score.

Method: Electronic sources (Medline, Embase, Cochrane Central Register of Controlled Trials,
clinical trials website, and Google scholar) were systematically searched for RCTs of vitamin D
supplementation and pain from inception of each database to October 2015.

Results: Nineteen RCTs with 3,436 participants (1,780 on vitamin D supplementation and 1,656 on
placebo) were included in the meta-analysis. For the primary outcome (mean change in pain score
from baseline to final follow-up), 8 trials with 1,222 participants on vitamin D and 1,235 on placebo
reported a significantly greater mean decrease in pain score for the vitamin D group compared to
placebo (mean difference -0.57, 95% Cl: -1.00 to -0.15, P=0.007). The effect from vitamin D was
greater in patients recruited with pre-existing pain (P-value for interaction = 0.03). Fourteen studies
(1,548 on vitamin D, 1,430 on placebo) reported the mean pain score at final follow-up outcome,
and no statistical difference was observed (mean difference -0.06, 95%Cl: -0.44 to 0.33, P=0.78).
In 4 studies which reported pain improvement (209 on vitamin D, 146 on placebo), the effect size
although not significant, shows participants in the vitamin D supplementation group were more
likely to report pain improvement compared with the placebo group (relative risk 1.38, 95%Cl: 0.93
t0 2.05, P=0.11).

Limitations: Only a few studies reported the mean score change from baseline to final follow-up,
and we do not have enough data to determine any modifying effect of baseline vitamin D status and
different doses of vitamin D supplementation on pain.

Conclusion: A significantly greater mean decrease in pain score (primary outcome) was observed
with vitamin D supplementation compared with placebo in people with chronic pain. These results
suggest that vitamin D supplementation could have a role in the management of chronic pain.
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usculoskeletal

disease is a growing is one of the consequences from musculoskeletal

health issue (1) which results in a major
burden on individuals, and health and
social care systems (2), requiring health expenditures
of hundreds of billion dollars every year (3). Pain

disease and has major effects on physical health by
limiting mobility and quality of life (4), and leading
to numerous health problems, such as stress and
depression (5,6).
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Although the pathophysiology of pain remains
unclear, observational studies suggest that vitamin D de-
ficiency may contribute to the development of pain. A re-
cent meta-analysis of observational studies showed lower
blood levels of 25-hydroxyvitamin D (25(OH)D) in patients
with statin related myalgia than those without (7).

Moreover, a number of randomized controlled tri-
als (RCTs) have been conducted to determine if there is
a benefit from vitamin D supplementation on different
kinds of pain. Three previous review articles used quali-
tative methods to summarize RCTs of vitamin D supple-
mentation and pain, and came to conflicting conclusions
(8-10). To our knowledge, no review article has used
quantitative meta-analytic techniques to clarify if there
are benefits from vitamin D supplementation on pain.

The aim of this article is to undertake a systematic
review and meta-analysis of RCTs to determine whether
vitamin D supplementation can reduce pain score when
compared with placebo.

MEeTHOD

Search Strategy

We systematically searched Medline, Embase, Co-
chrane Central Register of Controlled Trials, and the
clinical trials website (http://www.clinicaltrials.com)
from inception of each database to October 2015, and
also reference lists of included studies and related re-
view articles for relevant literature. In addition, Google
Scholar was used for grey literature. Search terms in-
cluded vitamin D and pain related keywords, specifical-
ly: Vitamin D, Vitamin D2, Vitamin D3, Cholecalciferol,
Ergocalciferol, 25-hydroxyvitamin D, 25-hydroxychole-
calciferol, Pain, Myalgia, Myopathy, Myalgic, Headache,
Migraine, and Arthritis.

Outcome

Primary and secondary outcomes were defined at
the start of the study. Primary outcome was the mean
change in pain score from baseline to final follow-up
for each intervention/placebo group. Secondary out-
comes were mean pain score at final follow-up for
each intervention/placebo group, and the number of
participants with improvement in pain. The continu-
ous outcome mainly was based on the visual analog
scale (VAS) score. If the included studies did not report
a VAS score, similar pain scores which assess for pain
intensity were used and transformed to a score which
ranged over 0 — 10 (described below). In addition, sub-
group analyses were performed between participants

recruited with pain-related medical conditions (such as
chronic low back pain, myalgia, chronic musculoskeletal
pain, arthritis, etc.) from hospitals and those who used
non-pain criteria to recruit (e.g., though community
clinics, population surveys, or recruitment based on
vitamin D status).

Eligibility Criteria

We included RCTs in the systematic review and
meta-analysis if the study: randomly assigned partici-
pants to vitamin D (vitamin D2, vitamin D3) or placebo
group; reported pain related outcomes; enrolled adult
participants > 18 years; and with follow-up time of >
4 weeks. For studies with more than one vitamin D
treatment group, the data from the higher vitamin D
supplementation group, or combined data, were used
in this study. If a study reported more than one pain
outcome, the pain data for the primary outcome was
selected from the largest sample size. Studies with
co-interventions (aside from calcium) only in the treat-
ment group were excluded.

Data Collection

Two reviewers (ZW, RS) independently selected the
related publications by reading the title, abstract, and
full article, and all selected articles were based on the
inclusion criteria. Any disagreements were resolved by
discussion.

Risk of Bias Assessment

Each included study was assessed for risk of bias
using the Cochrane Collaboration’s tool (11). We as-
sessed all the 7 domains: random sequence generation,
allocation concealment, blinding of participants and re-
searcher, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other bias. The
key information was extracted by 2 researchers inde-
pendently (ZW, ZM) for appraisal of the risk of bias of
each study. Funnel plots and Egger’s test were used to
examine potential publication bias (12).

Data Processing and Analysis

For continuous outcomes, articles used a variety of
pain assessment tools, which included the VAS score,
The Western Ontario and McMaster Universities Arthri-
tis Index (WOMAC), Pain severity score, Pain mobility
score, Pain assessment in advanced dementia (PAINAD)
score, and Brief Pain Inventory (BPI) severity score.
Where different pain scales had different ranges, and
assessed a similar component, such as intensity of pain,
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data were extracted and transformed to a standard
range of 0 — 10 (13).

For continuous outcomes, the sample size, mean,
and standard deviation (SD) of the pain score for each
comparison group were extracted from eligible studies.
Where studies reported the pain score using median and
range, or by showing it only in a graph, Hozo’s method
(14) and Digitizer software (GetData Graph Digitizer
2.26, http://www.getdata-graph-digitizer.com/) were
used to estimate the mean and SD of the pain score. For
dichotomous outcomes, the total sample size of each
intervention group and the numbers of participants
with pain improvement were collected.

We calculated mean differences (MD) and 95% con-
fidence intervals (Cls) for continuous outcomes, and risk
ratios (RR) and 95% Cls for dichotomous outcomes. Statis-
tical heterogeneity among individual studies was assessed
using Cochran’s Q statistic and I> index (I > 50%, large
heterogeneity) (15). A random effects model was used to
estimate the overall effect (16). Interactions were formally
tested using standard methods (17). We performed a
sensitivity analysis by excluding studies individually from
the summary calculation. All results were based on the 2
tailed test and a P-value < 0.05 was considered statistically
significant in the meta-analysis. All the analyses were per-
formed in Review Manager software (Revman version 5.2)
and Stata statistical software (version 13.1).

REsuLTs

Study Characteristics

We identified 872 related articles, after duplicates
were removed, by searching all 4 electronic databases
and Google Scholar. After review of the titles, 110
articles were selected for abstract review, of which 39
articles were excluded because they were not relevant,
not an RCT, or were review articles. Of the 71 articles
selected for full text review, 19 studies met the inclusion
criteria of the review. The details of study selection are
shown in the flow diagram (Fig. 1).

The 19 RCTs published between 1973 and 2015
included 3,436 participants (1,780 with vitamin D
supplementation and 1,656 with placebo) with a me-
dian age of 55.1 years (median SD: 8.6), median female
percentage of 76% (range: 40% - 100%), and median
follow-up time of 3 months (range: 1 - 24). Eight trials
(18-25), which included 1,222 participants with vita-
min D and 1,235 with placebo, reported the primary
outcome (mean change in pain score from baseline
to final follow-up). Fourteen studies (19,21-24,26-34)

reported the final follow-up pain score information
among 2,978 participants (one study [28] reported oral
and parenteral vitamin D supplementation separately,
which are reported as 2 studies in this meta-analysis),
and 4 studies (29,32,35,36) with 355 patients reported
the number of participants with improvement in pain.
The baseline characteristics of all 19 included clinical
trials (16 hospital based and 3 community based) ap-
pear in Table 1.

Risk of Bias Assessment

Results of the risk of bias assessment are shown in
Fig. 2 and Fig. 3. One study shows high risk of bias in
blinding of participants and researcher, and in blinding
of the outcome assessment domain because of insuf-
ficient information in the published article. This study
is based on the abstract, which did not have enough
information for assessing if it was double-blind (25).

Quantitative Data Synthesis

Primary Outcome

The studies that reported mean change in pain
score from baseline to final follow-up are described
in Table 2. There was a significantly greater mean de-
crease in pain score for the vitamin D supplementation
group compared to placebo (mean difference -0.57,
95% Cl: -1.00 to -0.15, P = 0.007) (Fig. 4). There was
heterogeneity in the primary outcome (P < 0.00001, I
= 88%). A sensitivity analysis, by removing each study
one by one, revealed similar results (data not shown).
In a subgroup analysis, the mean decrease in pain from
vitamin D supplementation was observed in hospital-
ized patients with pain-related medical conditions
(mean difference -0.70, 95% Cl: -1.26 to -0.14, P = 0.01),
but not in surveys which recruited from the community
or based on vitamin D status (mean difference -0.03,
95% Cl: -0.27 to 0.21, P = 0.81). There was a significant
interaction between the 2 subgroups from the effect of
vitamin D supplementation on change in pain score (Z
=-2.16, P = 0.03). However, there was no difference (P
= 0.29) in the effect of vitamin D supplementation on
pain between studies of widespread non-specific pain
(pain, diffuse pain, musculoskeletal pain, fibromyalgia)
and studies of localized pain (low back pain, dysmenor-
rhea, arthritis, migraine). Further, a subgroup analysis
between short-term (< 6 months) and long-term (> 6
months) supplementation did not show any difference
in effect between these 2 groups (P = 0.47). Subgroup
analyses between vitamin D2 or D3 and between high
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Fig. 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included

Table 2. Transformed information for the primary ouicome: mean change in pain score from baseline to final follow-up.

. Transformed score
Original Score change .
Stud Sample from baseline change from baseline
tudy, Pain scale information size (N) Mean (SD) (0-10)
year Mean (SD)
TG | PG TG PG TG PG
(Warner, 2008) VA.S (range: 0-100, 0=no pain, 100=severe 27 20 7.1 (19.1) 97(284) | 071191 | -0.97 (2.84)
(19) * pain)
E;\:)vgld, 2009) Pain severity (range: 0-10, O=none, 10=severe) | 48 42 -0.33(1.96) 0.21 (2.92) | -0.33(1.96) 0.21 (2.92)
(Lasco, 2012) (22) VAS (range:0-10, 0=no pain, 10=severe pain) 20 20 | -2.30(1.30) | 0.05(0.75) |-2.30(1.30) | 0.05(0.75)
E%lebows}“’ 2013) | pyin severity (range: 0-3, 0=none, 3= severe) | 945 | 966 | 0.06(0.84) | 0.06(0.82) | 02(2.80) | 03 (273)
(McAlindon, 2013) | WOMAC pain scale (range: 0-20, 0=no pain,
(18) 20=extreme pain) 73 73 -2.31(3.98) | -1.46(3.72) | -1.16(1.99) | -0.73 (1.86)
g;‘r)ldo“gh" 2013) | yag (range:0-10, 0=no pain, 10=severe pain) | 26 | 27 | -2.38 (2.62) | -3.33 (3.67) | -2.38(2.62) | -3.33(3.67)
(Sanghi, 2013) WOMAC pain (range: 0-20,0: 0=no pain,
(20) *# 20==xtremicpain) 52 51 -0.55 (1.68) 1.16 (1.22) | -0.28 (0.84) 0.58 (0.61)
g;ou-Raya, 2014) ;’grsl)(range: 0-100, 0=no pain, 100=severe 36 | 36 | -66(25 | -29(27) |-0.66(0.25)| -0.29(0.27)

Abbreviations SD: Standard deviation; TG: Treatment group; PG: Placebo group; VAS: Visual Analog Scale; WOMAC: Western Ontario and Mc-

Master Universities Arthritis Index.

*: Studies that provided more than 1 pain related outcomes, others similar pain outcomes were used for sensitively analysis;
#: VAS data were inconsistent in this study, so WOMAC pain data were used.

difference between the vitamin D supplementation
group and placebo group in their final mean pain score
(mean difference — 0.06, 95%Cl: -0.44 to 0.33, P = 0.78).
There was heterogeneity in this secondary outcome (P <
0.0001, 12 = 69%). A sensitivity analysis (removing indi-
vidual studies) did not change this result, and subgroup

analyses found the same pattern of no difference in
pain between vitamin D and placebo groups for hos-
pital or community samples (Fig. 5), for wide-spread or
localized pain, long-term or short-term supplementa-
tion, vitamin D2 or D3, and low dose or high dose (data
not shown).
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Fig. 3. Risk of bias summary: review authors’ judgements
about each risk of bias item for each included study.

The studies that reported the number of par-
ticipants with improvement in pain, from baseline to
final follow-up, are described in Table 4 and a forest
plot of their results is shown in Fig. 6. The pooled re-
sults showed a non-significant effect in the vitamin D
supplementation group compared with the placebo
group (RR: 1.38, 95%Cl: 0.93 to 2.05, P = 0.11), with no
heterogeneity (P = 0.30, 12 = 19%) (Fig. 6). Subgroup
analysis was not carried out as all participants in these
studies reported pain at baseline. A sensitivity analysis,
which excluded each study one by one, revealed a simi-
lar effect size to that above.

Publication Bias

Egger’s tests and funnel plots were conducted on
all studies for each outcome. No evidence of publica-
tion bias was found in the Egger’s test (primary out-
come: mean change in pain score from baseline to final
follow-up, P = 0.64; secondary outcome: mean pain
score at final follow-up, P = 1.00; secondary outcome:
the number of participants with improvement in pain,
P = 0.64) nor in the funnel plots (Fig. 7).

Discussion

We have found in a quantitative meta-analysis
of 8 studies that vitamin D supplementation resulted
in a greater decrease in pain than placebo (our pri-
mary outcome). In 4 separate studies which reported
pain improvement (secondary outcome), although no
significant result was observed, the point effect size
suggests participants in the vitamin D supplementation
group maybe more likely to report pain improvement
compared with the placebo group. In addition, vitamin
D had no effect on the final mean pain score recorded
at follow-up (secondary outcome).

Further, in our subgroup analysis of the primary
outcome, we found that there was a greater decrease
in mean pain score from baseline to final follow-up in
studies which recruited participants with painful medi-
cal conditions from hospital clinics compared to studies
which recruited from the community or with vitamin
D deficiency (Z = -2.16, P = 0.03). This interaction could
be due to the very low dose of vitamin D (400 1U/day)
used in one of the community based studies (23); and
another possible reason is that too few studies (only
2) were included in the community based subgroup,
where more research is needed.

To our knowledge, this is the first reported quan-
titative meta-analysis of vitamin D supplementation
and pain. Qualitative methods have been used in
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Vitamin D Placebo Mean Differance Mean Differance
Study or Subgroup  Mean S0 Total Mean SD Total Weight IV, Random, 95% CI Year ¥, Random, 95% CI
2.4.1 Hospital sample
Warmner 2008 071 1.9 22 D87 2.84 20 5.7% 0.26 [-1.22, 1.74] 2008 1
Lases 2012 23 13 20 005 075 20 130%  -2.35[-3.01,-1.89] 2012 -
Sanghi 2013 028 084 52 058 081 51 176%  -0.86 [-1.14, -0.58] 2013 -
Sandoughi 2013 =238 262 26 -333 367 2T 46% 095 [-0.78, 2.66] 2013 1T
McAlindon 2013 116 1898 73 073 186 T3 135% -0.43 [-1.05,0.19] 2013 g
Abou-Raya 2014 066 0.25 36 028 027 3B 18.9% -0.37 [-0.49, -0.25] 2014 L
Subtotal (95% CI) 229 227 T3a%  0.70[-1.26, -0.14] L 2
Heterogeneity: Taw® = 0.34; Chi® = 44,84, df = 5 (P < 0.00001); ¥ = 83%
Test for overall effect: Z = 2.43 (P =0.01)
2.4.2 Community sample
Arvold 2009 033 196 48 021 292 42 BE% -0.54 [-1.58, 0.50] 2009 -/
Chiebowski 2013 02 28 M5 02 273 B8 18.0% 0.00 [-0.25, 0.25] 2013 T
Subtotal (85% CI) 883 1008 26.7% -0.03 [<0.27, D.21] L ]
Helerogeneity: Tau® = 0.00; Ch* = 0.98, df =1 (P=0.32); "=0%
Test for overall effect: Z = 0.23 (P = 0.81)
Total (95% CI) 1222 1235 100.0%  -0.57 [-1.00, -0.15] *»
Heterogenaity: Tau? = 0.24; Chi? = 57.32, df = 7 (P < 0.00001); I* = 88% J f f 1

-4 -2 ] 2 4

Test for overall effect: £ = 2.68 (P = 0.007) Flacebo

Witamin D
Test for subaroup differences: ChF = 460, df = 1 (P = 0.03), F = 78.3%

Fig. 4. Forest plot of the effects of vitamin D supplementation on mean change pain score from baseline to final follow-up outcome.

Table 3. Transformed information for the secondary outcome: mean pain score at final follow-up.

Original Score at Transformed score
Sample
. Follow-up at Follow-up (0-10),
Stlldy Pain scale information s1ze Mean (SD) Mean (SD)
TG | PG | TG PG TG PG
(Bjorkman, 2008) (32) PAINAD (at rest) (range: 0-10, 0=none, 10=severe) | 114 |56 | 1.2(1.8) 1.4 (1.7) 1.2 (1.8) 1.4 (1.7)
(Warner, 2008) (19) VAS improvement (Range: 0-100, 0=no pain, 22 |20 |647(180) |53.6(268) |6.47(1.80) |5.36(2.68)
100=severe pain)
(Arvold, 2009) (24) Pain severity (range: 0-10, 0=none, 10=severe) 48 42 | 3.2(2.6) 3.4 (2.5) 3.2(2.6) 3.4 (2.5)
. BPI pain severity at 2 month (range 0-10,
(Rastelli, 2011) (29) 0=none, 10=severe) 28 29 2.7 (1.9) 3.5(1.5) 2.7 (1.9) 3.5(1.5)
(Lasco, 2012) (22) VAS (range: 0-10,0=no pain, 10=severe pain) 20 20 | 3.50(1.27) 5.70 (1.59) | 3.50(1.27) | 5.70(1.59)
. VAS (intramuscular vitamin D) (range:0-10,
(Sakalli, 2012) (28) # 0=no pain, 10=severe pain)) 30 30 5.4(2.2) 4.2(3.1) 5.4(2.2) 4.2(3.1)
(Sakalli, 2012) (28) # VAS (oral vitamin D) (range:0-10,0=nopain, | 35 | 35 |5 (23 5.5 (2.8) 51(23) |55(28)
10=severe pain)
(Salesi, 2012) (27) VAS (range:0-100, 0=no pain, 100=severe pain) 50 48 45.7 (19.9) 38.7 (20.4) 4.57(1.99) | 3.87 (2.04)
(Chlebowski, 2013) (23) | Pain severity (range: 0-3, none=0, severe=3) 941 | 961 | 1.10 (0.85) 1.10 (0.85) | 3.67 (2.83) | 3.67 (2.83)
(Sandoughi, 2013) (21) | VAS (range: 0-10, ,0=no pain, 10=severe pain) 26 27 | 3.03(3.14) 3.11(3.08) | 3.03(3.14) | 3.11(3.08)
(Hansen, 2014) (31) 0-10 pain scale (range: 0-10,0=no pain, 11|11 |3870191) |242(191) |3.87(191) |242(191)
10=severe pain)
(Knutsen, 2014) (30) VAS Total (Range: 0-1000, 0=no pain, 1000=severe) | 144 | 71 140 (152) 143 (152) 1.4 (1.52) 1.43 (1.52)
(Wepner, 2014) (26) VAS (Range:0-100,0=no pain, 100=severe pain) 15 15 50.6 (25.01) | 61.1(26.26) | 5.06 (2.50) | 6.11 (2.63)
(Gendelman, 2015) (33) | VAS (Range:0-100,0=no pain, 100=severe pain) | 36 38 | 48.6 (26.0) 54.6 (28.3) | 4.86(2.60) | 5.46 (2.83)
(Mottaghi etal., 2015) (34) | VAS (range: 0-10, ,0=no pain, 10=severe pain) 33 32 |59(1.5) 5.0 (2.0) 5.9 (1.5) 5.0 (2.0)

Abbreviations SD: Standard deviation; TG: Treatment group; PG: Placebo group; PAINAD: Pain assessment in advanced dementia; VAS: Visual
Analog Scale; BPI: Brief pain inventory short form. #: Analysed as two studies in this meta-analysis based on oral and parenteral vitamin D

supplementation.
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Vitamin D Placebo Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 85% Cl Year IV, Random, 95% Cl
2.5.1 Hospital sample
Bjorkman 2008 1.2 1.8 114 14 1.7 56 9.8% -0.20 [-0.75, 0.35] 2008 -
Warner 2008 6AT 1.8 22 536 268 20 4AT% 1.11 [-0.28, 2.60] 2008 T
Rastedli 2011 27 19 28 35 15 239 TA% -0.80 [-1.69, 0.09] 2011 —
Salesi 2012 457 199 50 387 204 48 BO% 0.70 [-0.10, 1.50] 2012 T
Lasco 2012 35 127 20 57 1.59 20 TA% -2.20 [-3.09, -1.31] 2012 —
Sakalli1 2012 54 22 0 42 34 30 49% 1.20 [0.16, 2.56] 2012 !
Sakali 2012 51 23 30 55 28 30 5% -0.40 [-1.70, 0.90] 2012 i
Sandoughi 2013 303 314 26 311 208 27 37%  -0.0B[-1.76, 1.60] 2013 —_—
Wepner 2014 506 2.5 15 6.11 263 15  35% -1.05 [-2.89, 0.79] 2014 —
Hansen 2014 387 19 11 242 19 11 4.0% 1.45 [0.15, 3.05] 2014 1
Mattaghi, 2015 59 15 33 5 2 32 TE% 0.90[0.04, 1.76] 2015 [
Gendelman 2015 486 26 36 546 283 38 54%  -0.60[-1.84,0.64] 2015 — T
Subtotal (95% CI) 415 356 T71.4%  -0.03 [-0.65, 0.60] -
Heterogeneity: Tau® = 0.84; Chi* = 44.71, df = 11 (P < 0.00001); F = 75%
Test for overall effect: Z = 0.09 (P = 0.83)
2.5.2 Community sample
Arvold 2000 32 28 48 34 25 42 4% -0.20 [-1.25, 0.85] 20090
Chiebowskl 2013 367 283 941 367 283 981 11.6% 0.00 [-0.25, 0.25] 2013 E 2
Knutsen 2014 14 152 144 143 152 71 10,6% -0.03 [-0.48, 0.40] 2014 T
Subtotal (95% CI) 1133 1074 28.6%  -0.02 [-0.23, 0.20] 4
Heterogeneity: Tau® = 0,00; Chi* = 0.14, df = 2 (P = 0.93); P = 0%
Test for overall effect: Z = 0.14 (P = 0,80)
Total (95% CI} 1548 1430 100.0%  -0.06 [-0.44, 0.33]

Heterogeneity: Tau® = 0.32; Chi* = 45,10, df = 14 (P < 0.0001); I* = 658% 4 _I'z ?3 é
Test for overall effect: Z = 0.28 (P = 0.78) Vitamin O Placebo

Test for subaroup differences: Chi* = 0.00, df = 1 (P = 0.97). I’ = 0%

Fig. 5. Forest plot of the effects of vitamin D supplementation on mean pain score at final follow-up outcome.

Table 4. Data information for the secondary outcome: the number of participanis with improvement in pain.

. Number of participants with
Sample size . . .
Study Pain related outcome improvement in pain (N)
TG PG TG PG
(Brohult, 1973) (36) 24 25 Objective and subjective improvement 16 9
(Bjorkman, 2008) (32) 114 56 PAINAD (at rest, 0-10) 33 15
(Rastelli, 2011) (29) 28 29 Discontinuation of pain medication 2 4
(Schreuder, 2012) (35) 43 36 5 point Likert scale 15 7

Abbreviations TG: Treatment group; PG: Placebo group; PAINAD: Pain assessment in advanced dementia; 5 point Likert scale: Much less pain,
less pain, equal, more pain, much more pain.

previous reviews (8-10). For example, Straube et al
(9,10) conducted a review of vitamin D supplementa-
tion and chronic pain, based on 10 RCTs which enrolled
participants with chronic pain. They did a qualitative
review and concluded there was no concordant effect
of vitamin D supplementation on any pain condition.
Another review used similar qualitative methods, and
from the 8 RCTs analyzed, concluded that the relation-

ship between vitamin D deficiency and chronic pain is
inconclusive (8). In comparison to these reviews, the
current study extended the inclusion criteria to include
also participants recruited from the community, not
all of whom will have pain, in addition to those with
conditions likely to cause pain. Therefore, our study
included more studies than reviewed previously, and
we also conducted a quantitative analysis to assess the
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Test for overall effect: Z = 1.60 (P =0.11)

Vitamin D Placebo Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Brohult 1973 16 24 9 25 329% 1.85[1.02, 3.36] 1973
Bjorkman 2008 33 114 15 56 40.0% 1.08 [0.64, 1.82] 2008
Rastelli 2011 2 28 4 28 5% 0.52 [0.10, 2.61] 2011 R
Schreuder 2012 15 43 T3 21.4% 1.79 [0.82, 3.91] 2012 ™
Total (95% CI) 209 146 100.0% 1.38 [0.93, 2.05] -
Tolal events 66 35

% [ i i i
Heterogeneity: Tau® = 0.03; Chi* = 3.68, df = 3 (P = 0.30) P = 19% 001 04 L 10 100

Placebo Vitamin D

Fig. 6. Forest plot of the effects of vitamin D supplementation on the number of participants with improvement in pain outcome.
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effect of vitamin D supplementation on pain score.
This meta-analysis has a number of strengths. We
defined primary and secondary outcomes before ex-
tracting the original data, to minimize bias in our ana-
lytical approach. Our primary outcome — mean change
in pain score from baseline to final follow-up — could
reduce the influence of between-person variability in

the data, which could explain the lack of effect from vi-
tamin D seen for the secondary outcome of mean pain
score at final follow-up. We used statistical methods to
transform the pain scores to a range of 0 — 10, so that
data from a greater number of studies could be includ-
ed in the meta-analysis. The Cochrane Collaboration’s
tool was used to assess the risk of bias for included stud-
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ies, which provided information about the quality of
included studies. Finally, we used quantitative analyses
to evaluate the effects of vitamin D supplementation,
which is more objective than the methods used in previ-
ous reviews.

Nevertheless, there are also several limitations of
the included studies and the research methods. First,
not all of the included studies used a similar pain as-
sessment tool, and not all of them reported the pain
score change from baseline. Although we used statisti-
cal methods to transform and standardize the range for
pain scores, which allowed us to increase the number of
studies summarized, this could have introduced hetero-
geneity as the included pain scores may have other dif-
ferences that could not be controlled for. Second, one
included study did not state that it was a double-blind
RCT (25), which could be another source of heterogene-
ity, although excluding this study showed similar results
in the sensitivity analysis. Third, the participants includ-
ed hospital-based and community-based participants,
which could be a source of statistical and clinical hetero-
geneity. Fourth, a low dose of vitamin D was supplied in
2 included studies (< 1,000 IU daily) (23,30), which may
not have increased body vitamin D levels sufficiently

enough to see benefit. Fifth, we do not have enough
data to determine the effect of baseline vitamin D sta-
tus and different doses of vitamin D supplementation
on pain. In addition, although we limited the follow-up
time in the inclusion criteria, the included studies had
a wide range of follow-up time, from 2 to 24 months,
and it may take time for vitamin D to show a beneficial
effect. The publication of further RCTs will offer greater
scope in the future for sub-group analyses with greater
statistical power which may identify potential causes of
the heterogeneity in our results.

ConcLuUSsION

In conclusion, the results of this meta-analysis sup-
port the conclusion that vitamin D supplementation
may reduce pain scores in the patients with pain con-
ditions. This suggests that vitamin D supplementation
could have a role in the management of chronic pain.
Further well-designed placebo controlled long-term tri-
als should be conducted to confirm these findings.
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