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ABSTRACT

Objectives: Vitamin D plays a major role in bone metabolism, regulating calcium and phosphorus homeostasis, along
with bone growth and remodeling processes. The objective of the present study was to assess the effect of vitamin D deficiency
on clinical outcomes following elective spinal fusion surgery by conducting a meta-analysis on the relevant literature.

Methods: Studies included in this analysis involved patients older than 18 years who underwent elective spinal fusion
surgery. The number of patients as well as visual analog scale (VAS) and Oswestry Disability Index (ODI) in groups with and
without vitamin D deficiency were required to be reported in eligible studies. Of the 179 articles identified, 7 met the inclusion
criteria and were included in the analysis.

Results: Seven studies, including 1188 patients, reported the relationship between vitamin D deficiency and clinical
outcomes in patients undergoing elective spinal fusion surgery. Five studies reported VAS as a primary outcome. The combined
results using a random-effects model showed reduction in VAS after elective spinal fusion surgery in group with vitamin D
deficiency, but no statistically significant association was identified between vitamin D deficiency and VAS. ODI was assessed
and reported as an outcome measure in 5 of the included studies. The combined results showed an increase in ODI following
elective spinal fusion surgery in the vitamin D-deficient group compared to the group with normal levels of vitamin D. In
addition, a significant association was observed between ODI and vitamin D deficiency.

Conclusions: Vitamin D deficiency may negatively affect the postoperative outcomes in elective spinal fusion surgery.
Preoperative optimization of vitamin D levels would seem appropriate. Future high-quality studies are highly warranted to

evaluate this.
Clinical Relevance:

This meta-analysis demonstrated a significant association between vitamin D deficiency and

postoperative ODI scores in patients undergoing elective spinal fusion surgery.

Level of Evidence: 2.

Lumbar Spine

Keywords: vitamin D deficiency, Oswestry Disability Index, visual analog scale, systematic review, meta-analysis, spinal

fusion, bone metabolism

INTRODUCTION

Vitamin D plays a major role in bone metabolism, reg-
ulating calcium and phosphorus homeostasis, along with
bone growth and remodeling processes via osteoblasts
and osteoclasts, respectively. In addition, it contributes to
neuromuscular and immune function, modulation of cell
growth, and reduction of inflammation. The physiologi-
cally active form of vitamin D, 1,25-dihydroxyvitamin D
(1,25(0OH),D), is primarily responsible for these effects.
However, this form cannot be easily assessed, so the more
stable precursor 25(0OH),D is assessed instead as a proxy,

with a level below 20 ng/mL being regarded as vitamin D
deficiency. The key risk factors for vitamin D deficiency
are advanced age, reduced skin pigmentation, low sunshine
exposure, increased anthropometry, and malabsorption
among others."

Vitamin D deficiency is common among patients under-
going elective spine surgery. However, adequate amounts
of vitamin D are required for normal bone metabolism and
postsurgical healing processes.” Therefore, vitamin D defi-
ciency is thought to have major implications for immediate
and long-term postoperative spinal outcomes.*® Despite the
biological plausibility of this hypothesis, the majority of
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studies that have examined the association between vitamin
D deficiency and postoperative outcomes in elective spinal
fusion surgery have been crucially limited by their modest
sample size, thereby resulting in a degree of discord within
the field. The objective of the present study was to assess
the effect of vitamin D deficiency on clinical outcomes fol-
lowing elective spinal fusion surgery by conducting a meta-
analysis of the relevant current literature.

METHODS

Search Strategy

This study was conducted according to the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) checklist. PubMed/MEDLINE,
Scopus, Embase, and Google Scholar search was con-
ducted to identify the relevant studies written in English
from inception to July 2020. Keywords used for search
were: “spinal fusion” OR “spinal surgery” OR “spinal
fusion surgery” OR “posterior spinal surgery” OR
“anterior spinal surgery” OR “lumbar spinal surgery”
OR “thoracic spinal surgery” OR ‘“cervical spinal
surgery” OR “cervical fusion” OR “lumbar fusion” OR
“thoracic fusion” AND *“vitamin D” OR “ergocalcif-
erols” OR “vitamin D deficiency” OR “cholecalciferol”
OR “calcifediol,” OR “25-hydroxyvitamin D.”

Eligibility Criteria

Studies included in this analysis included patients
older than 18 years who underwent elective spinal
fusion surgery. Assessment of data regarding the number
of patients, as well as visual analog scale (VAS) and
Oswestry Disability Index (ODI) scores in groups with
and without vitamin D deficiency, was required to be
reported in eligible studies. All articles were assessed
by two independent reviewers. Finally, notes, commen-
taries, conference papers, letters, and reviews were all
excluded in the present design.

Data Extraction

The following data were extracted from the eligi-
ble studies: first author, year of publication, country,
sample size, age, gender, duration of study, procedure
type, pathology, mean, and standard deviation of pre-
defined outcome parameters following surgery.

Quality Assessment

For the quality assessment of studies, the Newcastle-
Ottawa Scale (NOS) was applied.”® Each study received
a score using the following criteria: selection of study

Downloaded from https://wwuw.ijssurgery.com/ by guest on M

samples, intergroup comparability, and ascertainment
of the outcome of interest.

Statistical Methods

Median or mean vitamin D in each category was
assumed as the corresponding dose of that category.
DerSimonian and Laird random-effects model was used
to combine mean differences.’ Cochran QO testand P sta-
tistic were used to assess heterogeneity among included
studies. The publication bias among studies was deter-
mined using funnel plot, as well as Egger’s and Begg’s
weighted regression analyses. All statistical analyses
were performed using STATA 14.0 statistical software
(Stata Corporation, College Station, Texas, USA).

RESULTS
Search Results

Our initial comprehensive search identified 179
articles. After removing 66 duplicates, 113 articles
remained for primary screening. Subsequently, 90
studies were excluded by title and abstract screening,
while the remaining 23 were evaluated thoroughly
by full text assessment. Finally, 7 articles remained
for analysis according to our defined inclusion crite-
ria.>>'%"® Figure 1 demonstrates the systematic search
and exclusion protocol.

Study Characteristics

The characteristics of 7 included cohort studies are
outlined in Table 1. The total sample size was 1188
participants and studies published from 2012 to 2020.
Four of these studies were conducted in the United
States,>>'*'* and 3 other studies in Brazil,'" Korea,'
and China."* Duration of the studies included ranged
from 12 to 24 months. One article was conducted solely
on female participants, while the rest were conducted
with participants of both genders. Among the studies
assessed, 514 participants (43.3%) were men and 674
were women (56.7%). The most common surgical indi-
cation was degenerative pathology (n = 929, 77.9%).
The study populations were divided into two categories
based on their serum vitamin D level: deficient (<20 ng/
mL) and not deficient (>20 ng/mL).

Quality of Studies

Quality of studies assessed based on NOS: 4 for
selection, 1 for comparability, and 3 for outcome. In
section of comparability, yes considered for adjustment
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Figure 1. Flow chart of included studies.
Table 1. Characteristics of included studies.
Level of Participants Gender Duration of
Study Location Study Design  Evidence (n) (F/M) Procedure Type Study (mo) Outcome
Kim et al, 201210 Korea Prospective 2 31 31/0 Lumbar fusion (lumbar 12 VAS, ODI
cohort spinal stenosis)
Stoker et al, 2013° US Cross-sectional 4 313 176/137 Lumbar, thoracic, 15 ODI
and cervical fusion
(spondylosis and
deformity)
Ravindra et al, 2015% US Cross-sectional 4 230 129/101 Lumbar, thoracic, 12 ODI
and cervical fusion
(pathology unknown)
Martins et al, 2017" Brazil Prospective 2 46 29/17  Cervical and lumbar 12 VAS
observational fusion (degenerative
pathology, deformity,
tumor, infection, and
trauma)
Ravindra et al, 2019" Us Prospective 2 58 24/34  Cervical fusion 12 VAS, ODI
observational (cervical spondylotic
myelopathy)
Donnally et al, 2019" UsS Retrospective 3 150 73/77  Lumbar and thoracic 20 VAS

fusion (degenerative
pathology, deformity,
spondylosis, and lumbar
spinal stenosis)
Xu et al, 2020" China Retrospective 3 360 212/148 Lumbar fusion 24 VAS, ODI
(degenerative pathology,
lumbar spinal stenosis,
and spondylolisthesis)

Abbreviations: ODI, Oswestry Disability Index; VAS, visual analog scale.
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Table 2. Quality of cohort studies assessed based on modified Newcastle-Ottawa scaling.

A. Selection B. Comparability of Cohorts C. Outcome
Adjustment for
. Confounding/
Representiveness/ Selection of Ascertainment of Outcome Not Bias?Adjustment Assessment of Length of Adequate of
Study Effectiveness of Follow-Up Follow-Up of
Nonexposed Exposure Present at Start >3 = Yes Outcome .
Exposed Cohort Adjustment <3 = Appropriate? Cohort?
No
Kim et al, 2012"° YES YES YES YES YES YES YES YES
Stoker et al, 2013° YES YES YES YES YES YES YES YES
Ravindra et al, 2015> YES YES YES YES YES YES YES YES
Martins et al, 2017"! YES YES YES YES NO YES YES YES
Ravindra et al, 2019'? YES YES YES YES YES YES YES YES
Donnally et al, 2019" YES YES YES YES YES YES YES YES
Xu et al, 2020" YES YES YES YES NO YES YES YES

for confounding/bias 23 and no <3 of 7 articles, just 2
studies did not meet the high quality (Table 2).

Meta-Analysis

Seven studies, including 1188 patients, reported the
relationship between vitamin D deficiency and clin-
ical outcomes on patients undergoing elective spinal
fusion surgery. Five studies reported VAS as a primary
outcome. The combined results using a random-effects
model show —0.04 (95% CI. —0.69, 0.62; P = T2%)
reduction in VAS after elective spinal fusion surgery
in group with vitamin D deficiency, but no statistically
significant association was identified between vitamin
D deficiency and VAS. ODI was assessed and reported
as an outcome measure in 5 of the included studies. The
combined results showed a 4.82 (95% CI: 0.84, 8.80; P
=86%) increase in ODI following elective spinal fusion
surgery in the vitamin D-deficient group compared to
the group with normal levels of vitamin D. In addition,
a significant association was observed between ODI
and vitamin D deficiency (Figure 2).

Publication Bias

Publication bias, as evaluated by the Egger’s and
Begg’s tests, did not reveal any publication bias for
VAS (P =0.03 and 0.14) and ODI (P = 0.11 and 0.14),
respectively (Figure 3). In addition, no asymmetry was
detected between included studies.

DISCUSSION

This meta-analysis of 7 studies supports the fact that
vitamin D deficiency is correlated with poor patient-
reported outcomes after elective spinal fusion surgery.
Outcome measures that have been utilized for eval-
uating patient postoperative status and quality of life
include ODI, EuroQoL 5-dimension (EQ-5D), Neck
Disability Index (NDI), VAS, and Scoliosis Research
Society-22.2>%112 However, solely ODI and VAS
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were considered as endpoints in the present study due to
their ubiquity in the aforementioned studies. Although a
significant association was observed between ODI and
vitamin D deficiency, there was no such relationship
identified for VAS.

From a total of 1142 patients with reported vitamin
D status (one study did not report the number of patients
with abnormal vitamin D status), 445 patients (38.9%)
had vitamin D deficiency in the present meta-analysis.
The prevalence of vitamin D deficiency in patients
undergoing instrumented spine surgery has been rela-
tively high in previous studies.>>"> According to Stoker
et al, 27% and 57% of patients undergoing spinal fusion
were vitamin D-deficient and insufficient, respectively,
in a cohort of 313 patients.” Another prospective study
showed 30% and approximately 70% of patients under-
going elective spine surgery had vitamin D deficiency
and insufficiency, respectively.” Schmidt et al in a recent
retrospective study found that the prevalence of vitamin
D deficiency and insufficiency was 36.8% and 73.6%
among 144 patients undergoing spinal surgery, respec-
tively."” Various additional risk factors have also been
assessed by these studies. For example, increasing body
mass index, NDI, ODI, and a lack of vitamin D supple-
mentation were all defined as risk factors for deficiency
by Stoker and colleagues.” In the study by Ravindra
et al, vitamin D deficiency was found to be associated
with male gender, age 40-60 years, body mass index
>40, lack of vitamin D supplementation, and an exist-
ing diagnosis of diabetes. However, they identified no
correlation between patient clinical status, as measured
by NDI and ODI, and vitamin D deficiency.?

Data related to correlation between vitamin D
deficiency and postoperative outcomes have lacked
congruency among the studies. Kim et al demon-
strated significantly worse postoperative outcomes,
as assessed by EuroQoL 5-dimension and ODI, in
vitamin D-deficient individuals relative to the control
cohort.'” Moreover, a previous observational study
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Figure 2. Meta-analysis of the vitamin D deficiency effect on (A) visual analog scale and (B) Oswestry Disability Index. Weights are from random effects analysis.
WMD, weighted mean difference.

found a significant association between vitamin D  study. By contrast, Martins et al showed no significant
inadequacy and lower NDI following fusion surgery  difference between vitamin D-deficient and nondefi-
for cervical spondylotic myelopathy.'> Similarly, cient group in terms of quality of life indices includ-
Xu et al demonstrated a significantly better clinical ing Scoliosis Research Society-22, ODI, and VAS, 1
outcome at 3 months after the procedure, according  year postoperatively.!' However, this study is crucially
to the VAS and ODI, in a cohort of 360 patients who  limited by the heterogeneity of the pathologies (degen-
underwent elective posterior lumbar spinal fusion.'* erative, trauma, tumor, infection, and deformity) and
This investigation included patients with degenerative  types of spinal surgeries studied. In addition to hetero-
pathology while those with other indications such as  geneity, this study had a relatively small sample size
trauma, tumor, and infection were excluded from the in comparison to other studies. Consequently, there is
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Figure 3. Funnel plot to assess publication bias on (A) visual analog scale
and (B) Oswestry Disability Index. se(WMD), standard error (weighted mean
difference); WMD, weighted mean difference.

discord among the available data mainly because of
different populations that have been studied and dis-
similarities in methodology, and this warrants further
investigation through high-quality randomized con-
trolled trials.

Nevertheless, the present meta-analysis found a
significant correlation between vitamin D deficiency
and ODI (an increase of 4.82 in the vitamin D defi-
ciency group). Regarding minimal clinically import-
ant difference (MCID) of the ODI, previous studies
have shown varying results.'®" Copay et al found
an MCID of 12.8 for ODI 1 year after surgery in a
cohort of 454 patients who underwent lumbar spinal
surgery.'® Monticone et al showed that MCID for ODI
is 9.5 (sensitivity 76% and specificity 63%) using the
anchor-based methods in a cohort of 179 patients with
subacute and chronic back pain."” In another retro-
spective study of a cohort of 240 patients who under-
went spinal deformity surgery, the MCID of ODI
was 11.'° The difference of ODI (4.82) between the
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2 groups was statistically significant in the present
meta-analysis; yet, it was less than its MCID, accord-
ing to previous studies.

Although most prior studies have assessed postoperative
functional outcomes such as VAS, ODI, and NDI as the
outcome measure, the effects of vitamin D deficiency on
spinal fusion or nonunion have been less investigated. Due
mainly to the effects of various variables such as demo-
graphics, vitamin D supplementation, procedure type, graft
type, and follow-up time, functional outcome measures
may be subject to variation. Thus, the use of fusion-related
outcomes is a more accurate strategy in evaluating the rela-
tionship between vitamin D deficiency and postoperative
outcomes. However, merely a limited number of studies
have evaluated the association between vitamin D level
and fusion rate.*****! Donnally et al found no significant
correlation between the pre- and postoperative vitamin D
levels and rates of pseudarthrosis or revision surgery after
the lumbar spinal fusion surgery.® On the contrary, Ravin-
dra et al showed a significantly longer time to fusion in
patients with vitamin D deficiency who underwent elective
spinal fusion.® They also performed a multivariate logistic
regression, which was controlled for many possible con-
founding variables, and found that vitamin D deficiency
is an independent predictor of pseudarthrosis within a
period of 12 months. Xu et al, in a retrospective study on
44 patients who underwent posterior transforaminal lumbar
interbody fusion, also demonstrated a significantly higher
fusion rate in patients who received vitamin D supplemen-
tation according to imaging findings at 6 months postop-
eratively.”’ In the investigation performed by Schofferman
et al on 47 patients with pseudarthrosis, no significant cor-
relation was found between metabolic bone abnormalities
and nonunion after lumbar spinal fusion surgery.”’ None-
theless, currently, data are insufficient to draw firm conclu-
sions concerning the direct effects of vitamin D deficiency
or its supplementation on spinal fusion and postoperative
pseudarthrosis. Hence, future research should focus on
how vitamin D levels affect spinal fusion directly through
imaging outcomes, which are more informative than func-
tional outcome measures, while addressing the limitations
associated with previous studies. On the other hand, prior
studies have shown that vitamin D might be involved in the
nociception process directly through various mechanisms,
including sensory neuron excitability modulation and
inflammatory cytokines’ reduction in addition to its effects
on bone mineral density and fusion.”” However, due to
the lack of high-quality studies, current evidence is incon-
clusive on this potential effect of vitamin D deficiency.”®

Follow-up period is one of the most common limitations
of prior studies, particularly those that assessed the impact
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of vitamin D deficiency upon postoperative complications
such as pseudarthrosis, instrumentation failure, and revision
surgery. Prior reports have shown that pseudarthrosis is the
most common reason for revision surgery >12 months post-
operatively among patients undergoing elective spinal pro-
cedures.”>' Therefore, future studies must prioritize the
long-term evaluation of patients. Additionally, determined
risk factors for vitamin D deficiency should be appropri-
ately adjusted for in future studies. As an example, in Kim
et al study, the authors divulge that they could not control
the patients’ vitamin D intake in the postoperative period."
Similarly, Ravindra and colleagues found that preoperative
vitamin D supplementation details were subject to recall
bias.” Of the studies assessed herein, 7 studies were prospec-
tive and observational in design, but there were no random-
ized controlled trials. In order to understand the relationship
between vitamin D status and surgical outcomes, as well
as the preventative role of vitamin D supplementation in
patients undergoing elective spinal fusion surgery, appro-
priately designed randomized controlled trials are of central
importance.

Limitations

Before this meta-analysis, Kerezoudis et al had previ-
ously performed a systematic review in 2016 on vitamin D
deficiency and its association with postoperative outcomes
after spinal fusion surgery.”* To our knowledge, however,
our study is the first meta-analysis investigating the pro-
posed correlation between vitamin D status and postop-
erative surgical outcomes in patients undergoing elective
spinal fusion surgery. In addition to quantitative analysis,
our study involves more recent studies that have not been
assessed in the previous review. There are a number of
notable limitations to the present analysis, including the
small number of studies available, the lack of randomized
controlled trials, and absence of control groups within the
assessed studies. In addition, heterogeneity was observed
among the studies, including participant demographics and
risk factors, as well as surgical characteristics and outcome
measures. Moreover, the relatively small sample sizes and
atypical nature of the certain cohorts in the included studies
make the analysis and extrapolation more challenging.
Finally, only a few studies assessed the time to fusion, revi-
sion surgery, and postoperative surgical complications, in
addition to patient-reported outcomes. Therefore, we could
not evaluate the effect of vitamin D deficiency on fusion
in the present meta-analysis. Reduction of the effect of
various demographic confounders in studies is the main
advantage of assessing the postoperative complications
and fusion directly since VAS and ODI are subject to con-
founding in such a heterogeneous population of patients.
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However, there is a paucity of evidence in this regard, and
future studies are highly warranted to evaluate the effect of
vitamin D deficiency on pseudarthrosis and fusion directly.

CONCLUSIONS

In conclusion, our study results showed that vitamin
D deficiency is associated with a negative impact upon
postoperative clinical outcomes in patients undergoing
elective spinal fusion surgery and preoperative optimi-
zation of vitamin D levels might be an effective strategy
in this regard. However, there is a need for further high-
quality studies to provide more pieces of evidence in
this regard.
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