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Background: Low back pain (LBP) is the highest contributor to disability worldwide, with current
intervention strategies only providing small to moderate analgesic effects. The use of vitamin D
supplementation for LBP has gained interest due to its proposed anti-inflammatory and neuromodulatory
properties. However, it is still unclear whether vitamin D levels differ between those with and without LBP
or if vitamin D levels are associated with pain intensity.

Objectives: \We aim to investigate the association between vitamin D levels and LBP and to determine if
vitamin D levels correlate with pain intensity in individuals with LBP.

Study Design: This study was conducted in accordance with the guidelines for performing a Meta-
analysis and Systematic Review Of Observational Studies in Epidemiology (MOOSE).

Methods: We performed electronic database searches combined keywords relating to vitamin D and
LBP in MEDLINE, CINAHL, EMBASE, AMED, WEB OF SCIENCE, and SCOPUS from the earliest record to
March 2017. Studies were included if they reported any quantitative measure of vitamin D, such as serum
25-hydroxyvitamin D [25(0OH)D], with adequate data in patients with and without LBP or adequate data
on pain intensity in patients with LBP. No restriction on the type or duration of LBP, nor the age and gender
of patients was applied. Two reviewers independently performed the selection of studies, extracted data,
and assessed the methodological quality of the included studies using a modified 15-item Downs and
Black checklist.

Results: After the removal of duplicates and the screening of titles and abstracts, 105 full texts were
evaluated. There were 29 articles included in this systemic review (22 entered into a meta-analysis),
including 19 cross-sectional studies, 9 case-control studies, and one single-arm surgical trial where the
pre-operative data were used in our analyses. The pooled results from 19 studies showed that individuals
with LBP were more likely to have vitamin D deficiency (pooled OR = 1.60, 95% Cl: 1.20-2.12, P=0.001,
n = 19), severe deficiency (pooled OR = 2.08, 95% Cl: 1.19 - 3.64, P=0.010, n = 7), and lower serum
concentrations of 25(0OH)D (weighted MD = 3.86, 95% Cl: 0.20 - 7.52, P=0.039, n = 12) compared to
those without LBP (where “n” is the number of studies). The association between vitamin D deficiency
(pooled OR = 1.83, 95% Cl: 1.26 - 2.66, P = 0.002, n = 9) or serum 25(0OH)D (weighted MD = 7.64,
95% Cl: 4.02 - 11.26, P< 0.001, n = 4) and LBP was stronger for women but failed to be statistically
significant for men (pooled OR = 1.06, 95% Cl: 0.62 - 1.81, P=0.213, n = 3). In addition, there were
strong associations between vitamin D deficiency and LBP in patients < 60 years old (particularly women).
We found minimal evidence to support an association between vitamin D levels and pain intensity in
patients with LBP.

Limitations: \We were unable to investigate whether vitamin D deficiency increases the risk of developing
LBP as there were no longitudinal studies included in this review.

Conclusion: Vitamin D deficiency is associated with LBP, with stronger associations observed in younger
women and those with severe levels of deficiency. The association between vitamin D levels and pain
intensity is inconsistent. These results may guide the implementation of future studies on vitamin D
supplementation for LBP.

PROSPERO Registration No: CRD42016046874.

Key words: Vitamin D, low back pain, deficiency, pain intensity, serum 25-hydroxyvitamin D,
supplementation, cross-sectional study, case-control study
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ow back pain (LBP) is a global problem, being

the highest contributor of years lived with

disability in both developed and developing
countries (1). From an economic perspective, the
burden of LBP can be seen across many countries (2,3),
with the annual cost of LBP in Australia estimated
around $5 billion (4). The majority of research on
LBP has concerned management strategies; however,
given the small effect sizes of current interventions
(5), a better understanding of the factors associated
with the prevalence and risk of developing LBP is
needed to guide future intervention strategies.

A previous history of LBP appears to be the only
strong and consistent risk factor for developing LBP
(6), with other factors only demonstrating weak as-
sociations, including obesity (7), heavy work-related
physical activity (8), poor general health (9), educa-
tional attainment (10), and symptoms of depression
(11). A number of studies have demonstrated an
association between vitamin D deficiency and the
presence of chronic painful conditions (12-15). How-
ever, the evidence surrounding vitamin D levels in
people with and without LBP, along with how vita-
min D levels influence pain intensity in patients with
LBP appears to be conflicting. Some studies show a
positive association between vitamin D deficiency and
LBP (16,17) and between vitamin D levels and pain
intensity (18,19), while others have failed to find an
association (20) or have only found a significant as-
sociation in women (21).

There are numerous mechanisms that provide
rationale for the link between vitamin D and the
risk of LBP, including: the regulation of anti- and
pro-inflammatory cytokines that control pain and in-
flammation (22) and the modulation of pain through
sensory neuron excitability (23,24). Furthermore,
there appears to be an inverse relationship between
inflammatory markers and serum concentrations of
25-hydroxyvitamin D (25(OH)D) (a common measure
of vitamin D levels) (25), with research showing re-
ductions in inflammatory markers following vitamin
D supplementation (26,27). Therefore, given the
increasing interest in vitamin D supplementation for
the management of LBP (28,29), a better understand-
ing of the relationship between vitamin D levels and
LBP is needed. The aim of this systematic review is to
investigate if vitamin D levels are associated with the
prevalence and risk of LBP and if vitamin D levels cor-
relate with pain intensity in patients with LBP.

METHODS

Search Strategy

The protocol for this systematic review was regis-
tered on PROSPERO (Registration No: CRD42016046874)
and was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (30) and the guidelines
for performing a Meta-analysis and Systematic Review
Of Observational Studies in Epidemiology (MOOSE)
(31). We performed electronic database searches (from
the earliest records to March 2017) combing key words
relating to vitamin D (e.g., “alfacalcidol” OR “ergocal-
ciferol” OR “1-alpha hydroxyvitamin D3,” etc.) and LBP
(e.g., "back ache” OR “back pain” OR “spinal pain,”
etc.) in MEDLINE, CINAHL, EMBASE, AMED, WEB OF
SCIENCE and SCOPUS databases (Appendix 1). We per-
formed citation tracking and hand-searched the refer-
ence lists of included studies to capture articles missed
through our database search.

Study Selection

Two reviewers (JZ and AS) independently per-
formed the selection of studies by screening the titles,
abstracts, and full texts of articles. Both of the review-
ers used a study eligibility form based on items from
the inclusion/exclusion criteria and resolved any dis-
agreements by discussion or consultation with a third
reviewer (DS). Studies in a language other than English
needed to be translated or at least have the abstract
in English to be included. We included conference ab-
stracts or the abstracts of articles where the full text
was not available.

Studies reporting the association between vita-
min D levels [serum concentrations of 25(0OH)D or the
presence of vitamin D deficiency] and LBP (or pain
intensity in people with LBP) or with adequate data
to calculate a relevant measure of association [mean
difference (MD), odds ratio (OR), Pearson’s correlation
coefficient (r), or Spearman’s rho (X)] were included.
There was no restriction on the duration or type of
LBP assessed (e.g., non-specific LBP or LBP with ra-
dicular symptoms), the cut-off for vitamin D deficiency
used, the measure of pain intensity, nor the age or
gender of the patients. We included longitudinal and
cross-sectional studies, case-control studies, and case-
series that fit the above inclusion criteria. We excluded
studies investigating the effectiveness of vitamin D
supplementation for LBP, which includes randomized
and non-randomized trials.
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Methodological Quality

The methodological quality of the included studies
with an accessible full text was independently assessed
by 2 reviewers (JZ and AS) using a modified Downs and
Black checklist (32). Any disagreement was resolved by
discussion or consultation with a third reviewer (DS).

Data Extraction

Two reviewers (JZ and AS) used a standardized data
extraction form to independently extract the data from
the included studies. The data on the patients’ character-
istics (age and gender), study geographical location, study
setting (e.g., hospital or community), sample size, and
features specific to the study design, such as the exposure
variables [e.g., serum 25(OH)D], outcome variables (e.g.,
LBP), pain intensity measures, and confounders, were
extracted.

Statistical Analysis

The data on the most relevant statistics to measure
the association between vitamin D and LBP (mean differ-
ence [MD] or odds ration [OR]) or association between vi-
tamin D and pain intensity in patients with LBP (MD, OR,
r, K) and their 95% confidence interval (Cl) were extracted
from the included studies. When studies were considered
sufficiently homogenous we attempted to pool the results
using the most adjusted models reported in the studies
using Comprehensive Meta-Analysis Version 3.0 (BioStat,
Englewood, NJ). If more than half of the studies failed to
adjust their results for potential confounders, we strati-
fied our meta-analyses by age, gender, and cut-offs for
vitamin D deficiency where possible (sensitivity analysis).
We attempted to transform data into MD and their 95%
Cl when studies only reported: i) the mean (standard de-
viation [SD]) serum 25(OH)D in people with and without
LBP, ii) the mean (SD) serum 25(OH)D in people with LBP
who had varying levels of pain intensity, or iii) the mean
(SD) pain intensity in people with and without vitamin D
deficiency. In addition, we attempted to transform data
into OR and their 95% Cl when studies only reported:
i) the number of patients with and without LBP who
were vitamin D deficient (or severely deficient) or ii) the
number of individuals with severe or mild pain who were
vitamin D deficient. The authors of the included studies
were contacted when required data was not published.
We assessed heterogeneity using the I? statistic and con-
sidered I> < 25%, 1> > 50%, and I? > 75% as indications of
low, moderate, and high heterogeneity respectively (33).
When I was < 50% we used fixed-effects models, and if
it was > 50% we used random-effects models.

REesuLTs

Description of Studies

We identified 3,534 articles through our database
searches with 3 articles (34-36) identified through
hand-searching the reference lists of the included
studies (Fig. 1). Following the removal of duplicates,
2 reviewers (JZ and AS) independently screened the
articles’ titles and abstracts and screened the full-text
of 105 articles. A total of 29 observational studies (with
data on 21,764 patients) were eligible for inclusion in
this review, including 19 cross-sectional studies (includ-
ing 4 conference abstracts), 9 case-control studies,
and one single-arm surgical trial where we used the
pre-operative data in our analyses. The full texts of 2
included case-control studies (37,38) could not be ob-
tained, thus we used the data included in the abstracts
for our review. There were no longitudinal studies that
met our inclusion criteria. The characteristics of the
included studies can be found in Table 1. The duration
of LBP symptoms included in the studies varied, with 17
of the 29 studies including patients who reported LBP
of any duration (8 studies only included patients with
non-specific LBP) and 8 studies including patients with
chronic LBP (4 studies only included patients with non-
specific chronic LBP). We defined chronic LBP as pain
lasting for at least 3 months (39) and operationalized
this over all of the studies, regardless of the authors’
classification. The remaining 4 studies included patients
with lumbar spinal stenosis (n = 1), patients seeking
spinal surgery (n = 2), or patients reporting ongoing
symptoms following spinal surgery (n = 1). The majority
of the included studies were conducted in the Middle-
East/Mediterranean region (n = 12), with the remaining
studies being conducted in Europe (n = 3), India (n =
3), United Kingdom (n = 3), Korea (n = 2), Thailand (n
= 1), Japan (n = 1), Brazil (n = 1), United States (n =
1), Australia (n = 1), or across numerous countries (n
= 1) (16) (Table 1). There were differences between
the setting for each study with the majority of studies
recruiting patients from either health/medical centers
or outpatient/rheumatology clinics (n = 16) (Table 1).
The sample size of individual studies ranged from 9 to
9,305 patients. In cross-sectional studies investigating
vitamin D levels in people with and without LBP, the
prevalence of LBP ranged from 3.5% to 74%. The clas-
sification of serum 25(OH)D was similar across studies,
with 19 studies using serum 25(0OH)D < 20 ng/mL as an
indicator of deficiency, 9 studies using serum 25(OH)
D between 20 — 30 ng/mL as an indicator of insuffi-
ciency, and 9 studies considering serum 25(OH)D > 30
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k= searching
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£ - Medline (n = 239) Additional records identified through other
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= - CINAHL (n = 64) (n=3)
— - Scopus (n = 1,578)
— - Web of Science (n = 425)
-AMED (n=4)
£ v
E Records screened after duplicates P Recordsexchuded
a removed (Il . 2’142)
(n=2,247)
i) v
Piifl st articias Full-text articles excluded, with reasons
assessed for eligibility - ([@=79) )
(n=105) * No association or correlation between
= Vitamin D and LBP (n = 26)
:a v * Case-reports (n = 1)
= Studies included * Full text not available (n=1)
reporting the » Full text not available in English (n=1)
association between * Clinical trial (n=47)
Vitamin D and LBP
— (n=29)
v
= . . .
= Studies included in
= quantitative synthesis Fig. 1. PRISMA flow diagram.
£ (meta-analysis) LBP = low back pain
(n=22)

ng/mL as normal. Despite the remaining studies using
different cut-off values (Table 1), we decided to base
the terminology in our review on the above values, as
these cut-offs are most commonly used in the vitamin
D literature (40,41). Furthermore, the most common
cut-off for severe deficiency was < 10 ng/mL (4 studies)
(range: 5 — 15 ng/mL), so we decided to use this value
throughout the manuscript.

Methodological Quality

The original Downs and Black checklist contained
27 items (32). However, since our review only included
cross-sectional observational studies, we removed
checklist items only relevant to longitudinal studies

or clinical trials. The remaining 15 items provided an
overall score for study quality based on 5 categories:
study quality (7 items), external validity (2 items), study
bias (3 items), and confounding and selection bias (3
items) (Appendix 2). Individual study scores ranged
from 8 — 14 (out of a possible 16) with a mean score
of 10.7 (Appendix 2). The main methodological limita-
tions included: failing to describe (n = 14) and adjust
for potential confounders (n = 20), failing to report
that patients willing to participate were representa-
tive of the entire population from which they were
recruited (n = 22), and not specifying whether any of
the results presented were based on “data-dredging”
(n = 23).
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Vitamin D Deficient/ Total

0dds ratio and 95% CI

T = 44.9% fixed effects

Odds Lower Lpper N No Relative
Author (vear) vatio  lmit  lmif  p-Value  LBP LBP Weight
Abdulmonem A (2014) 2667 1506 4.722 0.001 152/190  48/80 —— 6.42
Alipour M (2015) 0.869  0.609 1.240 0.438 242/324  265/343 765
Baykara B (2014) 13.078 4428  38.622 0.000 53/60 11/30 N I E— 3.82
e Silva AV (2013) 1138 1027 1.261 0.014  1580/6284 682/2992 b 8.50
Haroon M (2011) 1288 0254 6.548 0.760 6/8 156/223 N | 224
Heidari B (2010) 1523 0830 2795 0.174 25/54 73/ 202 L 621
Hicks GE (2008) 1029 0748 1414 0.862 83/350  123/330 - 784
Lotfi A (2007) 2970 0981 8.994 0.054 49/ 60 12/20 T 372
Madani M (2014) 4140 1666  10.285 0.002 138/148  40/52 —— 457
Prakash § (2013) 5536 1611  19.019 0.007 31/35 21/36 e 3.27
Tanaka S (2013) 0.930 744 1.161 0.520 216/447  513/1023 -+ 826
Thireby A (2016) 0316 0063 1575 0.160 3/41 4/20 a 228
Ducher G (2011) 0714 0074 6.922 0.772 2/4 7/12 131
LeeKC (2014) 1932 1473 2534 0.000 131/229 1281/3132 - 8.06
Santos F (2015) 0409 0158 1.059 0.066 7/20 141/248 - 437
Heidari B (Nov 2014) 2729 1473 5.056 0.001 57/81 47/ 101 —— 6.15
Al-Jaralleh K (2013) 0076 0017 0.345 0.001 12/18 79/82 0 E— 249
Heidari B (2014) 3402 2285 5.064 0.000 117/163  160/374 ==l 7.42
Rkain H (2013) 2291 1067 4919 0.034 83/105  28/45 — 532
Pooled effect 1595 1202 2115 0.001 <>
I* = 84.9% random effects 0.01 0.1 1 10 100
Favours Inverse Association Favours Association
Fig. 2. Pooled odds ratio (95% CI) for the association between vitamin D deficiency and LBP for all of the included studies.
LBP = low back pain; CI = confidence interval
Panel A: Females
Vit D Deficient /Total Odds ratio and 95% CI
Odds  Lower Upper No Relative
Author (vear) ratio limit ﬁfﬂm p-Value LBP LEP weight
Abdulmonem A (2014) 2667  1.506 4722 0.001 152/190  48/80 — 1115
eSilva AV (2013) 1138 1.027 1.261 0.014  1580/6284 682/2992 14.92
Hicks GE (2008) 0.659  0.445 0.977 0.038 73249  78/202 —m 12.93
Lotfi A (2007) 2970 0981 8.994 0.054 49/ 60 12/20 6.48
Madani M (2014) 4140 1656 10285 0.002 138/148  40/52 7.96
Tanaka S (2013) 0930 0744 1.161 0.520  216/447 513/1023 14,32
Heidari B (Nov 2014) 2729 1473 5.056 0.001 57/ 81 47/101 —E 10.69
Heidari B (2014) 4069 2570 6.443 0.000 99/135  98/243 —— 1228
Rkain H (2013) 2.291 1067 4.919 0.034 83/105 28/45 — 9.25
Pooled effect 1830 1260  2.660 0.002 -
T* = 88.4% random effects
0.01 0.1 1 10 100
Favours Inverse Association Favours Association
Panel B: Males
VitD Deficient / Total Odds'rakin’aad 3% 1
Odds  Lower Lxg.er B No Relative
Author (year) ratio Timit it p-Value LEP LEP Welght
Hicks GE (2008) 0691 0335 1.427 0318 10/101 45/328 | —."— 54.46
Ducher G (2011) 0714 0.074 6.922 0.772 2/4 7/12 5.55
Heidari B (2014) 2003 0.860 4.667 0.107  18/28 62/131 ‘ “;.* 40,00
Pooled effect 1060  0.621 1.800 0.832

0.01 0.1 1 10 100

Favours Inverse Association Favours Association

LBP = low back pain; CI= confidence interval

Fig. 3. Pooled odds ratio (95% CI) for the association between vitamin D deficiency and LBP for women (A) and men (B).

Association between Vitamin D Deficiency
and LBP

The pooled results from 19 studies (11 cross-sec-
tional studies and 8 case-control studies) demonstrated
a significant association between vitamin D deficiency
and LBP (pooled OR = 1.60, 95% Cl: 1.20 - 2.12, P =
0.001, n = 19) (Fig. 2), where 'n’ is the number of stud-
ies and an OR > 1 indicates patients with LBP are more

likely to have vitamin D deficiency compared to those
without LBP. This association was stronger for women
(pooled OR = 1.83,95% Cl: 1.26 — 2.66, P=0.002, n = 9),
but failed to be statistically significant for men (pooled
OR = 1.06, 95% Cl: 0.62 — 1.81, P = 0.832, n = 3) (Fig.
3). We further stratified our meta-analyses by age and
cut-offs for vitamin D deficiency.

The age of the patients varied substantially between
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Panel A: Younger Cohorts

Odds Lower  Upper . No
Author (vear) ratio  limit Timit p-Value LBP LEP
Abdulmonem A (2014) 1667 1508 4722 0.001 152/190 48/80
Baykara B (2014) 13,078 4428 38622 0.000 53/60 11/30
HaroonM (2011) 1,288 0254 6,548 0.760 6/8 156/223
Heidari B (2010) 1523 0830 2795 0.174 25/54 73/202
Lotfi A (2007) 2970 0981 8.994 0.054 49/ 60 12/20
Madani M (2014) 4140 1665 10.285 0.002 138/148 40/52
Prakash § (2013) 5536 1611 19.01% 0.007 31/35 21/36
Thomeby A (2016) 0316 0063 1.575 0.160 341 4/20
DucherG (2011) 0714 0074 6922 0.772 2/4 7/12
Heidari B (Nov 2014) 1719 1473 5.056 0.001 57/81 47/101
Al-Tarallah K (2013) 0.076 0017 0.345 0.001 12/18 79/82
Pooled effect 1.930 1035 3599 0.039
I* = 76.7% random effects
Panel B: Older Cohorts

Odds Lower Upper B No
Author (vear) ratio  limit Timit p-Value LEP LEP
Alipour M (2015) 0.869 0609 1240 0.438 242/324  265/343
eSilva AV (2013) 1138 1.027 1.261 0.014 1580/6284 681/2991
Hicks GE (2008) 1019 0748 1414 0.862 83/350 123/530
Tanaka S (2013) 0930 0.744 1.161 0.520 216/447  513/1023
Santos F (2015) 0409 0158  1.059 0.066 7/20 141/248
Pooled effect 0.987 0.830 1.173 0.880

T = 51.3% random effects

0dds ratio and 95% CI

Relative
weight
—— 1199
— T 951
e 699
-+ 11.84
. — 938
L] 1038
— & 876
= 7.07
bl 4381
—a— 1180
_— 747
g
0.01 0.1 1 10 100
Favours Inverse Association Favours Assoclation
Odds ratio and 95% C1
Relative
weight
1539
3831
17.69
25.55
3.06

0.01 0.1 1 10 100

Favours Inverse Association Favours Association

years (A) and > 60 years (B).
LBP = low back pain; CI = confidence interval

Fig. 4. Pooled odds ratio (95% CI) for the association between vitamin D deficiency and LBP in cohorts with a mean age < 60

studies so we stratified our meta-analyses by samples
with a mean age < 60 or > 60 years old to ensure the
majority of postmenopausal women were included in
the same category. There was a significant association
between vitamin D deficiency and LBP in studies with
a mean age < 60 years old (pooled OR = 1.93, 95% Cl:
1.04 - 3.60, P = 0.039, n = 11), but no association in the
samples with a mean age > 60 years old (pooled OR =
0.99, 95% ClI: 0.83 - 1.17, P = 0.880, n = 5) (Fig. 4). There
was a strong association between vitamin D deficiency
and LBP in women < 60 years old (pooled OR = 2.91, 95%
Cl: 2.03 - 4.17, P < 0.001, n = 4), but no association in
women > 60 years old (pooled OR = 0.94, 95% Cl: 0.72
-1.22, P=0.631, n = 3) (Fig. 5). The association between
vitamin D deficiency and LBP was investigated in men
between 65 — 102 years old in one study (OR = 0.69, 95%
Cl: 0.34 - 1.43, P =0.318) (21) and in men between 10 -
19 years old in another study (OR = 3.67, 95% Cl: 0.17
—77.56, P =0.404) (Table 2) (42). Neither of these studies
showed statistically significant results.

The cut-offs for vitamin D deficiency varied across
studies and we stratified our meta-analyses accord-
ingly. The pooled results from 13 studies that defined

deficiency as having serum concentrations of 25(OH)D
< 20 ng/mL (one study used < 21 ng/mL) demonstrated
no association between vitamin D deficiency and LBP
(pooled OR = 1.25, 95% ClI: 0.90 - 1.76, P = 0.191, n =
13), while the 7 studies that used < 10 ng/mL as a cut-off
(2 studies used < 12 ng/mL (43,44)) showed a significant
association (pooled OR = 2.08, 95% ClI: 1.19 - 3.64, P =
0.010, n = 7) (Fig. 6).

Association between Serum 25(0OH)D and LBP

There were 12 studies (4 cross-sectional and 8
case-control studies) that investigated the association
between serum concentrations of 25(0OH)D (continuous
measure) and LBP. The pooled results from all of the
studies (Fig. 7) and studies investigating women (Fig.
7) and patients < 60 years old (Fig. 8) were similar to
the findings for the association between vitamin D defi-
ciency and LBP. There were not enough data to pool the
results for men or individuals > 60 years old.

Association between Vitamin D Deficiency
and Pain Intensity
There was a significant association between vita-
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Panel A: Younger Females

Odds  Lower lﬁprr - No
Author (year) ratio  limit mit p-Value LBP LBP
Abdulmonem A (2014) 2667 1506 4.722 0.001 152/190 48/ 80
Lotfi A (2007) 2970 0581 £.994 0.054 49/ 60 12/20
Madani M (2014) 4140 1666 10285 0.002 138/ 148 40/52
Heidari B (Nov 2014) 2.71% 1473 5.056 0001 57/81 47/ 101
Pooled effect 2912 2.032 4174 0.000
¥ = 0% fixed effects
Panel B: Older Females

Odds  Lower L'Ippel' No
Author (year) ratio  limit imit p-Value LEP LEP
eSilva AV (2013) L1138  1.027 1.261 0014 1580/6284 681/2992
Hicks GE (2008) 0.659 0445 0977 0038 73/249 78/202
Tanaka § (2013) 0930 0744 1.161 0520 216/447  513/1023

Pooled effect 0.631

I = 77.1% random effects

0937 0719 1221

Odds ratio and 95% CI

Relative
weight

—— 3971
1056
1565
—— 34.08
1 1 10 10

0.01 0. 0

Favours Inverse Association Favours Association

‘Odds ratio and $5% CI

Relative
weight

42.72
= = 2274
3454

1

0.01 0.1 10 100

Favours Inverse Association Favours Association

60 years (A) and > 60 years (B).

LBP = low back pain; CI = confidence interval

Fig. 5. Pooled odds ratio (95% CI) for the assoctation between vitamin D deficiency and LBP in female cohorts with a mean age <

min D deficiency and severe pain (compared to mild
pain) (pooled OR = 1.98, 95% Cl: 1.05 - 3.75, P = 0.036,
n = 3) (Fig. 9) but no association between pain inten-
sity (continuous measure: 0 — 100 scale) and vitamin D
deficiency (weighted MD = 0.29, 95% CI: -0.35 - 0.94,
P = 0.373, n = 4) (Fig. 10). In addition, one conference
abstract reported similar pain scores in people with
deficient, insufficient, and normal vitamin D levels, al-
though no objective data was presented (45) (Table 2).

Association between Serum 25(0OH)D and
Pain Intensity

Our pooled results showed no association between
serum 25(OH)D and pain intensity (0 — 10 scale) (pooled
r =-0.02, 95% Cl: -0.21 - 0.17, P = 0.812, n = 2) (Fig.
11). In addition, one study failed to find a significant
association between serum 25(0OH)D and pain intensity
(46), while another study found a significant associa-
tion (35) (Table 2). Unfortunately, these studies failed
to report objective data and were not included in the
above meta-analysis. One cross-sectional study failed to
find an association between serum 25(OH)D and severe
pain (47), while another study reported a significant
negative correlation between serum 25(OH)D and LBP
(48) (Table 2). However, it was not clear how the latter
study assessed pain intensity or the presence of LBP.

Discussion

This is the first systematic review to investigate the
association between vitamin D and LBP and the associa-
tion between vitamin D and pain intensity in patients
with LBP, which is particularly important given the in-
creasing interest in vitamin D supplementation for the
management of LBP (28, 29). Our results showed that
patients with LBP are more likely to have vitamin D de-
ficiency (particularly severe deficiency) and lower serum
concentrations of 25(OH)D, compared to those without
LBP. The relationship between vitamin D deficiency and
LBP is stronger in women and in those < 60 years old.
On the other hand, there is conflicting evidence that vi-
tamin D deficiency influences pain intensity in patients
with LBP.

Association between Vitamin D and LBP

The results of this review suggest the association
between vitamin D deficiency and LBP is influenced by
age and gender, with stronger associations observed
in younger women (< 60 years old). However, the geo-
graphical location of the included studies may partially
explain these results; therefore, we conducted a num-
ber of sensitivity analyses to explore this issue. There
was a strong association between vitamin D deficiency
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Vitamin D and Low Back Pain

and LBP when we pooled the 10 studies conducted in
the Middle-East/Mediterranean region, particularly in
female-only samples (Appendix 3). The one study con-
ducted in this region investigating a male-only sample
found no association (Table 2) (37). In addition, there
was no association between vitamin D deficiency and
LBP when pooling the 9 studies conducted outside of
the Middle-East/Mediterranean region (Appendix 4).
Since all of the studies investigating the association
between vitamin D deficiency and LBP in younger
women were conducted in the Middle-East/Mediter-
ranean region, this may partially account for the strong
associations found in this population given the climatic
and cultural factors (e.g., sun exposure, cultural veil-
ing, physical activity levels, obesity) likely to confound
the relationship between vitamin D deficiency and
LBP. Furthermore, all of the studies investigating the
association between vitamin D deficiency and LBP in
women > 60 years old were conducted outside of the
Middle-East/Mediterranean region, which might ex-

plain the lack of association found in this population.
A high prevalence of vitamin D deficiency in this age
group may also explain the lack of association (49), as
differences in vitamin D status between those with and
without LBP would be negligible (40). However, we did
not observe a trend suggesting lower baseline vitamin
D levels in studies with older samples (Table 1).
Another explanation for the significant association
between vitamin D and LBP in women could be re-
lated to a higher number of studies including women
(women: n = 13; men: n = 4). This may be the result of a
higher prevalence of LBP (49) and vitamin D deficiency
(50) in this population, although additional hypotheses
deserve attention. It is well-established that vitamin D
can facilitate the uptake of calcium and lead to bone
mineralisation (51), which is particularly important for
women where age and hormonal-related bone density
loss (52) can increase the risk of osteoporosis (53), po-
tentially resulting in pain. Therefore, investigating the
associations between vitamin D deficiency and health

Panel A: Vitamin D deficiency (<20ng/mL)

Odds  Lower L']pper No

Author (vear) ratio limit imit p-Value LBP LEP
Alipour M (2015) 0.869  0.609 1.240 0438 242/324  263/343
eSilva AV (2013) 1.138 1.027 1.261 0014 1580/6284 682/2992
Haroon M (2011) 1.288 0.254 6.548 0.760 6/8 1567223
Heidari B (2010) 1523 0.830 2.795 0.174 25/54 73/202
Prakash § (2013) 5.536 1611 19.01% 0.007 31/35 21/36
Tanaka § (2013) 0930 0744 1.161 0520  216/447 513/1023
Thémeby A (2016) 0316 0.063 1.575 0.160 3/41 4/20
Ducher G (2011) 0.714 0.074 6922 0.772 2/4 T112
Santos F (2015) 0408 0.158 1059 0.066 7/20 141/248
Heidari B (Nov 2014) 2729 1473 5.056 0.001 57/81 47/101
Al-Jarallah K (2013) 0.076 0.017 0345 0.001 12/18 79/82
Heidari B (2014) 3402 2285 5.064 0.000  117/163  160/374
Rkain H(2013) 2291 1067 4919 0.034 B3/105 28/45
Pooled effect 1253 0.894 1.757 0.191

¥ = 83.3% random effects

Panel B: Severe Vitamin D deficiency (<12ng/mL)
Vit D Deficient / Total

Odds  Lower Ii'ppﬂ B No
Author (year) ratio limit imit p-Value LEP LBP
Baykara B (2014) 13.078 4428 38622 0.000 53/60 11/30
Haroon M (2011) 1.707 0395 7.367 0474 3/8 58/223
Hicks GE (2008) 1029 0.748 1.414 0.862 83/350 123/530
Madani M (2014) 2.604 1318 5.145 0.008 76/148 15/52
Ducher G (2011) 3.667 0173 77.582 0.404 1/4 1/12
LeeKC (2014) 1.932 1473 2.534 0.000 131/229 1281/3132
Santos F (2015) 0.699 0.155 3.150 0.641 /20 34/248
Pooled effect 2078 1187 3.637 0.010

I* = 77.8% random effects

Odds ratio and 95% CI
Relative
weight
1183
13.45
328
946
484
1286
334
1.90
654
937
365
11.45
803

01 100

Favours Inverse Association Favours Association

Odds ratio and 95% C1

-

Relative
weight
13.01
919
2343
1843
297
2392

895

.
-

0.1 1 10 100

Favours Inverse Association Favours Association

deficiency at < 20 ng/mL (A) and < 12 ng/mL (B).
LBP = low back pain; CI = confidence interval

Fig. 6. Pooled odds ratio (95% CI) for the association between vitamin D deficiency and LBP in studies that used a cut-off for
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Panel A: Males and Females

Difference in means and 9506 CT

Difference  Standard lﬂ) er ) No Relative
Author (vear) in means error it p-Value LBP LBP weight
Ba_\'h{‘aﬁ{mlﬂ) 13100 2018 17.055 0,000 60 30 —. 913
Heidari B (2010) -0.800 4.503 5026 0859 54 202 e E— 641
Lodh M (2015) 8.630 2.196 12934 0000 200 200 — & 596
Lotfi A (2007) 3,600 1.647 6827 002 &0 2 —u— 9.47
Madsni M (2014) 9.000 3357 15579 0007 148 52 L) 7.68
Thomeby A (2016) -0.400 2219 3949 0857 44 44 — - 8.93
Ducher G (2011) 2320 5439 12980 0670 4 12 - 547
Santos F (2015) -1.710 2226 2654 0442 20 248 :‘L 593
Heidari B (Nov 2014) 0.600 3.668 7788 0870 81 101 733
Al-Jarallah K (2013) -5.630 1.557 2520 0000 18 82 —— 9.52
Heidari B (2014) 8.500 2,569 13535 0001 163 374 —— 857
Hussein K (2013) 7640 1.489 10558 0000 137 86 —— 9.60
Pooled effect 3.858 1.867 7518 0.039 ——
=871 pmdoni eflecty 2500 1250 0.00 1250 25100

Favours high Vitamin Din LBP group  Favours high Vitamin D in No LEBP group

Panel B: Females
Difference in means and 95% C1

Difference Standard Lower IEIPI_I' . No Relative
Author (vear) in means error limit mit p-Value LBF LBP weight
Baykara B (2014) 12,920 3.075 6893 18947 0.000 37 19 19.20
Lotfi A (2007} 3,600 1.647 0373 6827 0,029 60 20 —— 30.95
Madani M (2014) 2,000 3.357 2421 15579 0.007 148 2 17.42
Hussein K (2013) 7.640 1489 4721 10.558 0.000 137 86 —._ 3242
Pooled effect 7.640 1846 4021 11258 0.000 e

T = 64.6% random effects
-15.00 -12.50 0.00 12.50 25.00

Favours highVitamin D in LBP group  Favours high Vitamin D in No LBF group

Fig. 7. Pooled odds ratio (95% CI) for the association between association between serum concentrations of 25(0H)D and LBP forf
all of the included studies (A) and for women (B).
LBP = low back pain; CI = confidence interval

Difference in means and 95% C1

Author (year) :Iilil'l’erence Standard Lower Lﬁrper 5 No Relative

n means error limit mit p-Value LBP LEP weight
Baykara B (2014) 13.100 2018 9.145 17.05% 0.000 &0 30 _._ 1591
Heidari B (2010) -0.800 4.503 -9.626 8.026 0859 54 202 1248
Lotfi A (2007) 3.600 1.647 0373 6.827 0.029 &0 20 —a— 1628
Madani M (2014) 9.000 3357 2421 15579 0.007 148 52 — 1418
Ducher G (2011) 1320 5439 -8.340 12980 0670 4 12 L 11.10
Heidari B (Nov 2014) 0.600 3668 -6.588 7.788 0.870 81 101 13.72
Al-Jarallah K (2013) -5.630 1.587 -8.740 -1.520 0.000 18 B2 — . 1634
Pooled effect 1266 3062 2.736 9.268 0.286
I* = 89.8% random effects

-15.00 -1250 0.00 12.50 25.00
Favours high Vitamin D in LBP group Favours high Vitamin D in No LEP group

Fig. 8. Pooled odds ratio (95% CI) for the association between serum concentrations of 25(0OH)D and LBP in cohorts with a mean
age < 60 years.
LBP = low back pain; CI = confidence interval

Vitamin D deficient / Total Odds ratio and 95% CI
Author (year) Qdds  Lower l.'ﬁ‘pner . Severe Mild Relative
ratio Limit it p-Value LEP LEF weight
KimT(2013) 2260 1131 4517 0021 45/61  56/101 —l— | 85.24
Waikakul (2012) 0750 0,032 17506 0858 317 1/2 412
Santos F (2015) 1000  0.141 7099 1000 3/9 3/9 10.64
Pooled effect 1.980 1.045 3753 0.036 '.'
12 = 0% fixed effects
0.01 0.1 1 10 100
Inverse association between Vitamin D Association between Vitamin D
deficiency and pain intensity deficiency and pain intensity

Fig. 9. Weighted mean difference (95% CI) for the association between vitamin D deficiency and pain intensity (mild vs. severe).
LBP = low back pain; CI = confidence interval
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I* = 84.2% random effects

Sample size Difference in means and 95% CI
o Difference Standard Lower TUpper Vitamin D Not Vitamin I Relative
Author (year) in means error  limit it p-Value  Deficient Deficient weight
Kim T (2012) 0.300 0.331 -0.348 0948 0365 20 11 . 99.43
Waikakul (2012) 0.000 5069 -9835 9935  1.000 4 5 0.42
Baykara B (2014) 6700 15675 -24.022 37422 0.669 53 7 0.04
Santos F (2015) -7.500 10438 -27.958 12958 0472 6 12 ‘ 0.10
Pooled effect 0.294 0330 -0.353  0.940 0.373 ]
I = 0% fixed effects
-50.00 -25.00 0.00 25.00 50.00
Favours high pain in Not Deficient group  Favours high pain in Deficient group
Fig. 10. Weighted mean difference (95% CI) for the association between mean pain intensity and vitamin D deficiency.
CI = confidence interval
Correlation and 95% CI
Author (vear) Lower  Upper Sample Relative
Correlation limit limit p-Value  size weight
Waltman N (2009) -0.422  -0.683 -0.066 0.022 29 25.24
LotfiA (2007) 0.120 -0.102 0.331 0.290 80 74.76
Pooled effect 0023 -0.213 0.168 0.812

-1.00

-0.50 0.00 0.50 1.00

CI = confidence interval

Fig. 11. Pooled correlation (95% CI) between serum concentrations of 25(0OH)D and pain.

conditions (such as LBP) in women may be considered
a research priority and explain the higher number of
studies in women. A limited number of studies in men
have resulted in imprecise pooled estimates of associa-
tion. Therefore, a positive association between vitamin
D and LBP in men should not be ruled out and needs
confirmation in larger samples. Nevertheless, the find-
ings of our study demonstrate an increased prevalence
of vitamin D deficiency in younger women with LBP.
This may provide a rationale for targeting vitamin D
supplementation for the management of LBP in this
population or considering vitamin D supplementation
to reduce the risk of developing LBP.

The presentation or chronicity of LBP may also
be important to consider when determining which
populations with LBP are at greatest risk of vitamin D
deficiency. To explore this we conducted a number of
sensitivity analyses. We found no association between
vitamin D deficiency and chronic LBP (Appendix 5) or
between vitamin D deficiency and LBP resulting from
osteoporosis or low bone mass (Appendix 6) when
pooling all of the available studies. However, there
was a strong association between vitamin D deficiency
and chronic LBP in women (Appendix 5), although the
strength of this association may be explained by the

studies’ geographical location, as all the studies were
conducted in the Middle-East/Mediterranean region.
Furthermore, the lack of association between vitamin
D deficiency and LBP resulting from osteoporosis or low
bone mass may have been due to a small number of
studies investigating this population (n = 2).

Our results point towards the importance of con-
sidering the degree of vitamin D deficiency in people
with LBP since this association strengthened when we
only considered studies that used a cut-off of < 10 - 12
ng/mL 25(OH)D. This highlights a stronger association
between LBP and severe vitamin D deficiency and is con-
sistent with the findings of another review that showed
severe deficiencies were more common in individuals
with chronic widespread pain compared to individuals
without these symptoms (15). This may highlight the
importance of screening for severe vitamin D deficien-
cies in these populations to potentially reduce the risk
of serious disease (54-56).

Association between Vitamin D and Pain
Intensity

Understanding how vitamin D deficiency influ-
ences pain intensity may provide insight into the po-
tential role of vitamin D supplementation for the man-
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agement of LBP. However, substantial heterogeneity
between studies investigating the association between
vitamin D and pain intensity makes it hard to draw firm
conclusions about the role vitamin D plays in patients
already suffering from LBP. We were only able to pool
results from 4 studies, and the findings appear to be
dictated by how the variables were analyzed. There
was a significant association between mean vitamin
D levels (continuous) and severe pain (dichotomous),
but there was no association between vitamin D defi-
ciency (dichotomous) and pain intensity (continuous).
To add to these conflicting findings, some individual
studies failed to find an association between serum
25(OH)D and pain intensity (46,47), while others found
a significant association between serum 25(OH)D and
duration of pain (17). Given the small number of stud-
ies investigating the association between vitamin D and
pain intensity, we could not identify a trend between
positive findings and study characteristics (e.g., gender,
age, geographical location).

Given these conflicting findings, it is important to
carefully consider the rationale and current evidence
on vitamin D supplementation for LBP before ad-
ditional studies are implemented. Research suggests
that vitamin D levels influence the presence of inflam-
matory markers (22,25-27) and can modulate sensory
neuron excitability (23,24). In addition, the influence
of vitamin D levels on muscle strength has been high-
lighted (57,58) and may provide an explanation for the
association between vitamin D deficiency and LBP and
a rationale for using vitamin D supplementation for
treatment. However, evidence supporting the relation-
ship between vitamin D deficiency and reduced muscle
strength is conflicting (59-62), and even if vitamin D
deficiency could be regarded as a predictor of muscle
weakness, muscle weakness is not consistently associ-
ated with the prevalence or risk of developing LBP (63-
65), nor do improvements in muscle strength correlate
with treatment outcomes (66). There has already been
a number of studies conducted investigating vitamin D
supplementation for the management of non-specific
LBP or LBP resulting from osteoporosis or vertebral
fractures, however, the results are far from promising.
Three randomized controlled trials (28,67,68) failed to
show that vitamin D3 was superior to a placebo for
reducing pain intensity in individuals with non-specific
LBP. This is despite the differences in their interven-
tion dosage (10 — 179 ug per day) and duration (6 — 16
weeks) and despite the vitamin D3 groups achieving
normal 25(0OH)D concentrations post-intervention (>

20 ng/mL) (28,67). Similarly, vitamin D supplementation
for the management of LBP resulting from osteoporosis
or vertebral fractures has yielded disappointing results
(69). Therefore, given the poor association between vi-
tamin D and pain intensity in patients with LBP and the
findings from existing clinical trials, further research is
needed before vitamin D supplementation is recom-
mended for the management of LBP.

Strengths and Limitations

This systematic review has numerous strengths.
First, to get a comprehensive understanding of the
relationship between vitamin D and LBP it was neces-
sary to include different study designs in our review
(cross-sectional, case-control, and case-series). In addi-
tion, although a number of studies (including abstracts)
failed to publish adequate data for initial inclusion in
our meta-analyses (n = 10), we contacted these authors
and were able to obtain raw data from 5 studies which
significantly strengthened the results of this review.
Second, including conference abstracts and the ab-
stracts of articles where the full text was not accessible
reduced the risk of neglecting important data, while
minimizing the risk of publication bias (70). Although
the quality of these data is unknown, we conducted
a number of sensitivity analyses, and the exclusion of
studies where the full text was not accessible (including
conference abstracts) did not influence the main find-
ings of this review (Appendix 7).

This review has a number of limitations. First, most
of the studies investigating the association between
vitamin D and pain intensity in people with LBP used
different statistical analyses and investigated different
outcomes. This precluded the inclusion of all the data
into one meta-analysis. Second, the majority of stud-
ies (n = 20) failed to adjust their findings for potential
confounding variables (e.g., age, gender, sun exposure,
skin type, use of supplementation, muscle strength), so
we decided to use the unadjusted values in our meta-
analyses for consistency and stratify our meta-analyses
by age, gender, and cut-offs of vitamin D deficiency to
investigate how these factors influence the relation-
ship between vitamin D and LBP. Furthermore, we con-
ducted a number of sensitivity analyses to investigate
the influence of study geographical location and the
presentation of LBP. Finally, there were no longitudi-
nal studies investigating whether vitamin D deficiency
increases the risk of developing LBP. Information from
longitudinal studies is extremely valuable if vitamin D
supplementation is to be considered a prevention strat-
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egy for LBP in the future since cross-sectional studies
cannot infer the temporal relationship between vita-
min D levels and LBP (causation).

ConcLusIonN

Vitamin D deficiency is associated with LBP, with
stronger associations observed in younger women and
those with severe levels of deficiency. The association
between vitamin D levels and pain intensity is incon-
sistent. The findings from existing clinical trials do not
support the use of vitamin D supplementation for
the management of LBP. However, the results of this
review have furthered our understanding on which
populations demonstrate the greatest degree of vita-
min D deficiency and may guide the implementation

of future studies on vitamin D supplementation for
LBP. In addition, although current evidence does not
support the widespread screening of vitamin D levels
in patients with LBP, clinicians should certainly consider
this course of action for populations at increased risk of
vitamin D deficiency (i.e., younger women and patients
with chronic symptoms), as it is inexpensive, safe, and
might improve symptoms. Further research evaluating
the assessment and treatment of vitamin D deficiency
will clarify their role in this difficult therapeutic area.
Finally, longitudinal studies investigating whether vita-
min D deficiency increases the risk of developing LBP
are needed to determine the potential role of vitamin
D in the prevention of LBP.
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Appendix 1. Search strategy.

Appendix 1 (cont.). Search strategy.

MEDLINE

Searches

Vitamin D

exp vitamin D/

“vitamin D”.mp

“vitamin D2”.mp

“vitamin D3”.mp

“l-alpha hydroxyvitamin D3”.mp
“1-alpha hydroxycalciferol”mp
“1,25 dihydroxyvitamin D3”.mp
“1,25 dihydroxycholecalciferol” mp
“25 hydroxycholecalciferol”.mp
“25 hydroxyvitamin D”mp
“alfacalcidol’mp

“calcidiol”mp

“calcitriol.mp

“calcifediol”mp

“calciferol”mp

“ergocalciferol”mp

exp Ergocalciferols/
“cholecalciferol”mp

exp Cholecalciferol/
lor2or3or4or5or6or7or8or9orl0orllorl2
orl13orl4orl5orl6or17orl18orl9

Low back pain

exp Back Pain/

“back pain”mp
“backpain”mp

exp Low Back Pain/
“low back pain”.mp
“backache”.mp

“back ache”mp
(lumbar adj5 pain).ti,ab
“lumbar pain”.mp
“spinal pain”mp
“lumbago”.mp.

“lower back pain”mp
“dorsalgia”mp
“vertebral pain”mp

21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30
or 31 or 32 or 33 or 34

20 and 35
Limit 36 to humans

CINHAL

Searches

Vitamin D

MH “Vitamin D+”

MH “Vitamin D Deficiency+”
MH “Ergocalciferols”

MH “Cholecalciferol”

“vitamin D”

“vitamin D2”

“vitamin D3”

“l-alpha hydroxyvitamin D3”
“1,25 dihydroxyvitamin D3”
“1,25 dihydroxycholecalciferol”
“25-hydroxycholecalciferol”
“25 hydroxycholecalciferol”
“25 hydroxyvitamin D”
“25-hydroxy-vitamin D”
“alfacalcidol”

“calcidiol”

“calcitriol”

MH “Calcitriol”

“calcifediol”

“calciferol”
lor2or3or4or5or6or7or8or9orl0orllorl2
or13or14or150r16or 17 or 18 or 19 or 20

Low back pain

(MH “Back Pain+”)
“back pain”

(MH "Low Back Pain”)
“low back pain”
“lumbago”

“backache”

“back ache”

“lumbar pain”

“spinal pain”
“backpain”

“lower back pain”
“dorsalgia”

“vertebral pain”

22 or 23 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30
or 31 or 32 or 33 or 34

21 and 35

EMBASE

Searches

Vitamin D

exp vitamin D/

“vitamin D”.mp

“vitamin D2”.mp

“vitamin D3”.mp

“l-alpha hydroxyvitamin D3”mp
“l-alpha-hydroxy-calciferol”.mp
“1,25 dihydroxyvitamin D3”.mp
“1,25 dihydroxycholecalciferol” mp
“25 hydroxycholecalciferol”.mp
“25 hydroxyvitamin D”mp
“alfacalcidol”mp

“calcidiol”mp

“calcitriol”.mp

“calcifediol”mp

“calciferol”mp

“ergocalciferol”mp
“cholecalciferol”mp
lor2or3or4or5or6or7or8or9orl0orllorl2
or13or14or15o0r16or17

Low back pain

exp Backache/
“backache”.mp

“back ache”mp

exp Low back pain/
“low back pain”mp
exp Spinal pain/
“spinal pain”.mp
“back pain”mp
“lumbago”mp
“lumbar pain”mp
“lower back pain”mp
“vertebral pain”.mp
“dorsalgia”mp

19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28
or 29 or 30 or 31

18 and 32

Limit 33 to humans

630

www.painphysicianjournal.com




Vitamin D and Low Back Pain

Appendix 1 (cont.). Search strategy.

Appendix 1 (cont.). Search strategy.

ALL(“back pain)

TITLE-ABS-KEY (alfacalcidol)
TITLE-ABS-KEY (calcidiol)
TITLE-ABS-KEY (calcitriol)
TITLE-ABS-KEY (calcifediol)
TITLE-ABS-KEY (calciferol)
TITLE-ABS-KEY (ergocalciferol)
TITLE-ABS-KEY (cholecalciferol)

220r23

TITLE-ABS-KEY(“25 hydroxyvitamin D”)
TITLE-ABS-KEY (“25-hydroxy-vitamin D”)
TITLE-ABS-KEY (25-hydroxycholecalciferol)

lor2or3or4or5or6or7or8or9orl0orllorl2
or13orl4or15o0r16or17or18or 19 or 20 or 21 or

AMED Searches
TITLE-ABS-KEY (backpain)
exp Vitamin D/ ALL(“low back pain”)
“vitamin D”mp TITLE-ABS-KEY (backache)
“vitamin D2”mp TITLE-ABS-KEY (“back ache”)
“vitamin D3”mp . TITLE-ABS-KEY(“lumbar pain”)
“1,25 dihydroxyvitamin D3”.mp Low back pain TITLE-ABS-KEY (“spinal pain”)
“25 hydroxycholecalciferol”.mp TITLE-ABS-KEY (lumbago)
“25 hydroxyvitamin D”mp TITLE-ABS-KEY(“lower back pain”)
“alfacalcidol”mp TITLE-ABS-KEY(dorsalgia)
Vitamin D “calcidiol”mp TITLE-ABS-KEY(“vertebral pain”)
“calcitriol”’mp 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35
“calcifediol”mp 24 and 36
“ealciferolmp Exclude: “animals” and “animal”
“ergocalciferol”mp
“cholecalciferol”mp Web of Science Searches
exp Cholecalciferols/ TS=(“vitamin D)
lor2or3or4or5or6or7or8or9orl0orllorl2 TS=(“vitamin D2”)
or13orl4or15 TS=(“vitamin D3”)
exp Low Back Pain/ TS=(“I-alpha hydroxyvitamin D3”)
exp Backache/ TS=(“I-alpha-hydroxy-vitamin D3”)
“low back pain”mp TS=(“I-alpha hydroxycalciferol”)
“back pain".mp TS=(“1-alpha-hydroxy-calciferol”)
“backpain”.mp TS=(“1,25 dihydroxyvitamin D3”)
“backache”mp TS=(“1,25-dihydroxy-vitamin D3”)
“back ache”mp TS=(“1,25 dihydroxycholecalciferol”)
. (lumbar adj5 pain).ti,ab TS=(“1,25-dihydroxycholecalciferol”)
Low back pain “lumbar pain”mp TS=(25-hydroxycholecalciferol)
“spinal pain”mp Vitamin D TS=(“25 hydroxycholecalciferol”)
lumbago.mp TS=(“25 hydroxyvitamin D)
“lower back pain”mp TS=(“25-hydroxy-vitamin D”)
dorsalgia.mp TS=(25-hydroxycholecalciferol)
“vertebral pain”mp TS=(alfacalcidol)
17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 TS=(calcidiol)
or 27 or 28 or 29 or 30 or 31 or 32 TS=(calcitriol)
TS=(calcifediol)
16 and 31 TS=(calciferol)
Scopus Searches TS=(ergocalciferol)
TS=(cholecalciferol)
TITLE-ABS-KEY(*vitamin D”) lor2or3or4or5or6or7or8or9orl0orllorl2
TITLE-ABS-KEY(*vitamin D27) or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or
TITLE-ABS-KEY (“vitamin D3”) 22 0r 23
TITLE-ABS-KEY(“1-alpha hydroxyvitamin D3”)
TITLE-ABS-KEY (“1-alpha-hydroxy-vitamin D3”) TS=(“back pain”)
TITLE-ABS-KEY/(“1-alpha hydroxycalciferol”) TS=(backpain)
TITLE-ABS-KEY (“1-alpha-hydroxy-calciferol”) TS=(“low back pain)
TITLE-ABS-KEY(“1,25 dihydroxyvitamin D3”) TS=(lumbago)
TITLE-ABS-KEY(“1,25-dihydroxy-vitamin D3”) TS=(backache)
TITLE-ABS-KEY(“1,25 dihydroxycholecalciferol”) Low back pain TS=(“lumbar pain”)
TITLE-ABS-KEY(“1,25-dihydroxycholecalciferol”) TS=(“spinal pain”
TITLE-ABS-KEY (25-hydroxycholecalciferol) TS=(“lower back pain”
Vitamin D TITLE-ABS-KEY(“25 hydroxycholecalciferol”) TS=(dorsalgia)

TS=(“vertebral pain”)
25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34

24 and 35
TS=(animals) NOT TS=(humans)
36 NOT 37
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Appendix 2. Modified Downs and Black checklist and individual study scores.

Downs and black checklist items (modified for the purpose of our review)

Scoring system

1. Is the hypothesis/aim/objective of the study clearly described?

Yes or no (1,0)

2. Are the main outcomes to be measured clearly described in the Introduction or Methods section?

Yes or no (1,0)

3. Are the characteristics of the patients included in the study clearly described?

Yes or no (1,0)

4. Are the distributions of principal confounders in each group of subjects to be compared clearly described?

Yes (2)
Partially (1)
No (0)

5. Are the main findings of the study clearly described?

Yes or no (1,0)

6. Does the study provide estimates of the random variability in the data for the main outcomes?

Yes or no (1,0)

7. Have actual probability values been reported (e.g. 0.035 rather than < 0.05) for the main outcomes except
where the probability value is less than 0.001?

Yes or no (1,0)

8. Were the subjects asked to participate in the study representative of the entire population from which
they were recruited?

Yes or no (1,0). 0 if unable to
determine

9. Were those subjects who were prepared to participate representative of the entire population from which
they were recruited?

Yes or no (1,0). 0 if unable to
determine

10. If any of the results of the study were based on “data dredging”, was this made clear?

Yes or no (1,0). 0 if unable to
determine

11. Were the statistical tests used to assess the main outcomes appropriate? (assume appropriate if unable to
determine)

Yes or no (1,0). 0 if unable to
determine

12. Were the main outcome measures used accurate (valid and reliable)?

Yes or no (1,0). 0 if unable to
determine

13. Were the patients in different intervention groups (trials and cohort studies) or were the cases and
controls (case-control studies) recruited from the same population?

Yes or no (1,0). 0 if unable to
determine

14. Were study subjects in different intervention groups (trials and cohort studies) or were the cases and
controls (case-control studies) recruited over the same period of time?

Yes or no (1,0). 0 if unable to
determine

15. Was there adequate adjustment for confounding in the analyses from which the main findings were
drawn?

Yes or no (1,0). 0 if unable to
determine

Table 1. ‘Downs and Black® checklist scores for included studies with an accessible full text.

Author (year) 1 2 3 4 5 6 7 8 9 0 |11 |12 13 |14 |15 | Total (/16)
Abdulmonem A 1 0 1 0 1 1 1 1 0 0 1 0 1 1 0 9
(2014)

Alipour M (2015) 1 1 1 1 1 1 1 1 0 0 1 0 1 1 0 11
Al-Jarallah K (2013) 1 1 1 0 1 1 0 1 0 0 1 0 0 1 0 8
Baykara B (2014) 1 1 1 2 1 1 1 0 0 0 1 1 0 1 0 11
Ducher G (2011) 1 1 1 0 1 1 0 1 0 0 1 1 1 1 0 10
e Silva A (2013) 1 0 1 2 1 1 1 1 0 0 1 0 1 1 0 11
Ghai B (2015) 1 1 1 2 1 1 1 1 0 0 1 1 1 1 0 13
Haroon M (2011) 1 1 1 0 1 1 1 1 1 0 1 0 1 1 0 11
Heidari B (Nov 2014) | 1 1 1 0 1 1 1 1 0 0 1 1 1 1 0 11
Heidari B (2010) 1 1 1 0 1 1 1 1 0 0 1 1 1 1 0 11
Hicks G (2008) 1 1 1 2 1 1 1 1 0 0 1 1 1 1 1 14
Johansen J (2013) 1 1 1 0 1 1 0 1 0 0 1 1 1 1 0 10
Kim T (2013) 1 1 1 2 1 1 1 0 0 0 1 1 1 1 1 13
Kim T (2012) 1 1 1 0 1 1 1 1 0 0 1 1 1 1 0 11
Lodh M (2015) 1 1 1 0 1 1 1 1 0 0 1 0 0 1 0

Lotfi A (2007) 1 1 1 0 1 1 1 0 0 1] 1 1 0 1 0 9
Madani M (2014) 1 1 1 0 1 1 1 1 0 0 1 1 1 1 0 11
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Appendix 2 (cont.). Modified Downs and Black checklist and individual study scores.

Favours Inverse Association

Prakash S (2013) 1 1 2 1 1 1 0 0 0 1 0 1 11
Santos F (2015) 1 1 0 1 0 1 1 0 0 1 1 1 10
Tanaka S (2013) 1 1 1 1 1 1 1 0 0 1 0 1 12
Thorneby A (2016) 1 1 2 1 1 1 0 0 0 1 1 1 13
Waltman N (2009) 1 1 0 1 0 0 0 0 0 1 1 1 8
Waikakul S (2012) 1 1 0 1 1 0 1 0 0 0 0 1 8
Panel A: Males and Females
Odds ratio and 95% CI
Odds  Lower Upper No Relative
Author (year) ratio  limit  limit p-Value LBP LBP weight
Abdulmonem A (2014) 2667 1506 4.722 0.001 152/190 48/ 80 11.17
Alipour M (2015) 0869 0.609 1.240 0438 242/324 265/343 12.06
Baykara B (2014) 13.078 4428 38622 0.000 53/60 11/30 8.50
Heidari B (2010) 1.523 0830 2.795 0174 25/54 73/202 10.99
Lotfi A (2007) 2970 0981 8994 0.054 49/ 60 12/20 837
Madani M (2014) 4140 1.666 10.285 0.002 138/ 148 40/52 941
Heidari B (Nov 2014) 2729 1473 5056 0.001 57/81 47/101 10.95
Al-Jarallah K (2013) 0076 0017 0.345 0.001 12/18 To/82 E— 646
Heidari B (2014) 3402 2285 5.064 0.000 117/163 160/374 1191
Rkain H(2013) 2291 1.067 4919 0.034 831/108 28145 10.19
Pooled elfect 212%  1.2M 3.685 0.007
I = 85.8% random eflects 001 01 1 10 100
Favours Inverse Association Favours Association
Panel B: Females
Odds ratio and 95% CI
Odds Lower  Upper No Relative
Author (vear) ratio  limit limit p-Value LEBP LEBP weight
Abdulmonem A (2014) 2667 1506 4722 0001 152/190  48/80 —— 21.63
LotfiA (2007) 2970 0981 8994 0.054 49/60 12/20 375
Madani M (2014) 4.140 1668 10285 0.002 138/148 40/ 52 853
Heidari B (Nov 2014) 2729 1473 5056 0.001 57/81 47/101 —a— 18.57
Heidari B (2014) 4069 1570 6,443 0.000 99/135 98/243 _._ 3343
Rkain H(2013) 2291 1067 4919 0.034 83/105 28/45 — 12.09
Pooled effect 3164 2425 4126 0.000 <>
I* = 0% fixed effects
0.01 0.1 1 10 100

Favours Association

Appendix 3. Pooled odds ratio (95% CI) for the association between vitamin D deficiency and LBP in studies conducted in the
Middle-East for women and men (A) and for women (B).
LBP = low back pain; CI = confidence interval
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Panel A: Males and Females
Vit D Deficient / Total Odds ratio and 95% CI
Odds  Lower l,‘[g]er Xo Relative
Author (year) ratio  limit limit p-Value LEP LEP weight
eSilva AV (2013) 1138 1027 1281 0.014 1580 /6284 682/2992 2345
Harcon M (2011) 1288 0254 6.548 0.760 6/8 156/223 264
Hicks GE (2008) 1029 0.7T48 1414 0.862 B83/330 123/530 1844
Prakash 8 (2013) 5536 1611 19.019 0.007 31/35 21/36 4.24
Tanaka § (2013) 0.930 0.744 L1651 0.520 216/447  513/1023 2101
Thomeby A (2016) 0316 0063 1575 0.160 3/41 4/20 2.70
Ducher G (2011) 0.714 0074 6.922 0.772 2/4 7112 143
Lee KC(2014) 1932 1473 2.534 0.000 131/229 1281/3132 L] 19.73
Santos F (2015) 0408 0158 1.059 0.066 7/20 141/248 b [ 636
Pooled effect 1.146 0866 1516 0.339 >
I* = 74.6% random effects
0.01 0.1 1 10 100
Favours Inverse Association Favours Association
Panel B: Females
Odds ratio and 95% C1
Odds  Lower Upper No Relative
Author (year) ratio  limit it LBF LBFP weight
eSilva AV (2013) 1138 1.027 1261 0.014 1580/6284 682/2992 4272
Hicks GE (2008) 0659 0445 0977 0.038 73/249 78/202 —— 2274
Tanaka §(2013) 0930 0744 1161 0.52 216/447  513/1023 34.54
Pooled effect 0937 0718 1221 0.631
I = 77.1% random effects
0.01 0.1 1 10 100
Favours Inverse Association Favours Association
Panel C: Males
0dds ratio and 95% CT
Odds  Lower 'Ligper No Relative
Author (vear) ratio  limit mit p-Value LEF LEF weight
Hicks GE (2008) 0691 0335 1427 0318 10/101 45/328 | _-I— 90.76
Ducher G (2011) 0714 0074 6922 0.772 z/4 7/12 9.24
Pooled effect 0693 0348 1383 0.298 | "
¥ = 0% fixed effects
0.01 0.1 1 10 100
Favours Inverse Association Favours Association
Appendix 4. Pooled odds ratio (95% CI) for the association between vitamin D deficiency and LBP in studies conducted outside the
Middle- East for women and men (A), women (B), and men (C).
LBP = low back pain; CI = confidence interval
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Panel A: Males and Females with Chronic Low Back Pain
Vit D Deficient /Total Odds ratio and 95% CI

Odds  Lower Upper No Relative
Author (vear) ratio  limit Titnit p-Value LEP LEP weight
Alipour M (2015) 0860  0.609 1.240 0438  242/324  265/343 26.79
Lotfi A (2007) 2970 0981 8.994 0054 49/60 12/20 — & 16.75
Thomeby A (2016) 0316 0083 1.575 0160  3/41 4/20 1147
HeidariB (Nov 2014) 2729 1473 5.056 0001  57/81 47/101 —i— 23.54
Rkain H (2013) 2291 1067 4919 0034  §3/105 28/45 —— 2145
Pooled effect 1532 0759 3.090 0.234
I* = 77.4% random effects

0.01 0.1 1 10 100
Favours Inverse Association Favours Association
Panel B: Females with Chronic Low Back Pain
Vit D Deficient /Total Odds ratio and $5% C1

Odds  Lower l,‘ﬁ)per ; No Relative
Author (vear) ratio  limit it p-Value LBP LBP weight
Lotfi A (2007) 2970 0981 8.994 0054 49/60 12/20 15.80
Heidari B (Nov 2014) 1473 5.056 0.001 57/81  47/101 —— 51.00
Rkain H (2013) 1.067 4919 0.034  83/105  28/45 —— 33.21
Pooled effect 1.680 4.053 0.000 <
IF = 0% fixed effects

0.01 0.1 1 10 100
Favours Inverse Association Favours Association
Appendix 5. Pooled odds ratio (95% CI) for the association between vitamin D deficiency and chronic LBP for all of the
included studies (A) and for women (B).
LBP = low back pain; CI = confidence interval
Vit D Deficient /Total Odds ratio and 95% CI
0Odds Lower Upper No Relative
Author (year) vatio  limit b pvawe  Lee Lip weight
eSilva AV (2013) 1138 1.027 1.261 0.014  1580/6284 682/2992 | 6241
Tanaka § (2013) 0930 0744 1.161 0520  216/447  513/1023 3759
Pooled effect 1054  0.870 1277 0.588
I = 61.7% random effects
0.1 0.2 05 1 2 s 10
Favours Inverse Association Favours Association

Appendix 6. Pooled odds ratio (95% CI) for the association between vitamin D deficiency and LBP resulting from osteoporosis
or low bone mass.
LBP = low back pain; CI = confidence interval
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Appendix 7. Pooled results excluding studies where the full text was not accessible.

ABSTRACTS INCLUDED (Main findings) | ABSTRACTS EXCLUDED*
Association between Vitamin D deficiency and LBP: excluding Lee KC (2014), Heidari B (2014) and Rkain
H (2013)

Pooled OR 95% CI P n g Pooled OR 95% CI P n g
All studies 1.60 1.20 - 2.12 0.001 19 84.9 1.42 1.05-1.91 0.023 16 80.9
Females 1.83 1.26 - 2.66 0.002 9 88.4 1.45 1.04 - 2.02 0.028 7 83.0

Males 1.06 0.62 - 1.81 0.832 3 44.9 0.69 0.35-1.38 0.298 2 0
gluLt'Ofk 20ng/ 1.25 0.89-176 | 0.191 13 83.3 1.05 0.77-143 | 0774 | 11 | 743
g;/t;l)ff< 10-12 2.08 1.19 - 3.64 0.010 7 77.8 2.21 0.92 -5.28 0.075 6 79.5

Association between serum 25(0H)D and LBP: excluding Heidari (2014) and Hussein K (2013)

Weighted MD |  95% CI P n Iy Weighted MD 95% CI P n I?
All studies 3.86 0.20 - 7.52 0.039 12 87.1 2.93 -1.36-7.21 | 0.181 10 84.4
Females 7.64 4.02-11.26 <0.001 4 64.6 8.06 2.07 - 14.05 | 0.008 3 74.9

LBP: low back pain; OR: odds ratio; MD: mean difference; CI: confidence interval; n: number of included studies. *: a number of analyses are miss-
ing from this table because the original pooled results didn’t include any studies where the full-text was not accessible.
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