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A B S T R A C T

The purpose of the current systematic review was to identify the prevalence of hypovitaminosis-D in LE-TJA
patients; and outline the association between pre-operative hypovitaminosis and post-operative outcomes. A
search of PubMed-Medline and the Cochrane-Library databases was performed for literature published before
November 27th, 2019. The eighteen studies analyzed had a pooled prevalence for vitamin D insufficiency (20
-< 30 ng/mL) and deficiency (< 20 ng/mL) of 53.4% and 39.4%, respectively. Hypovitaminosis-D was asso-
ciated with higher complication rates (p = 0.043), and a greater prevalence among septic versus aseptic revi-
sions (p = 0.016). Therefore, pre-operative screening for hypovitaminosis-D can be beneficial in patients un-
dergoing LE-TJA.
Level of evidence: Systematic Review (Level III)

1. Introduction

Total hip arthroplasty (THA) and total knee arthroplasty (TKA) have
been established as effective surgeries in terms of achieving high 10-
year implant survival (91.3% and 93.8%, respectively) and overall
patient satisfaction (87.5% and 88%, respectively) rates.1–4 Over 7.2
million people In the U.S. are estimated to be living with a TKA or
THA.5 Furthermore, the annual number of lower extremity arthroplasty
(LE-TJA) surgeries is expected to grow between 2015 and 2020 by
35.4% and 48.5% for THA and TKA, respectively.6,7 Nevertheless, there
is a small percentage of patients who suffer complications, including:
persistent pain,8 infection,9–11 and functional limitation.12–16 An an-
ticipated increase to an already large volume of cases makes it para-
mount that all major risk factors of LE-TJA are thoroughly explored in
order to ensure maximum patient satisfaction and cost-effectiveness.

Vitamin D is known to affect bone and muscle health, as well as
immunological functions through a variety of mechanisms.17 Hypovi-
taminosis-D is a widespread nutritional deficiency, even more among
patients scheduled to undergo orthopedic surgery.18,19 The pre-
dominant action of vitamin D is on the skeletal system due to its role in
maintaining calcium homeostasis.20 Vitamin D deficiency places pa-
tients at increased risk of hip and non-vertebral fracture, muscle

weakness in addition to being a significant independent risk of
falls.21–23 In addition to these skeletal effects, low levels of vitamin D
have been associated with an increased risk of cancers, cardiovascular
disease, autoimmune diseases, and psychiatric illness.24–28 There is no
clear consensus regarding the prevalence of pre-operative Hypovita-
minosis-D in patients undergoing LE-TJA.29 Furthermore, reports on the
potential association between pre-operative hypovitaminosis-D and
post-operative adverse outcomes have yielded variable results.29

Therefore, we performed a systematic review to determine: 1) the
prevalence of hypovitaminosis-D in patients undergoing LE-TJA (spe-
cifically total hip (THA) and knee (TKA) arthroplasty); 2) the associa-
tion between pre-operative vitamin D levels and post-operative patient-
reported outcomes; and 3) the association between pre-operative vi-
tamin D levels and the development of post-operative complications.

2. Methods

2.1. Search strategy

This study was conducted in accordance with the 2009 Preferred
Reporting Items for Systematic Review and Meta-Analysis (PRISMA)
statement.30 A systematic review of the literature was performed using
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PubMed-Medline and the Cochrane Database of Systematic Reviews.
The query was performed on November 17th, 2019 using the following
keywords in combination with Boolean operators AND or OR for the
literature search: “vitamin D,” “arthroplasty,” “THA,” “LE-TJA,” “TKA,”
Total hip arthroplasty,” “Total knee arthroplasty,” “deficiency,” and
“insufficiency”.

2.2. Inclusion and exclusion criteria

Inclusion criteria were: human clinical trials (prospective and ret-
rospective) on LE-TJA (specifically TKA and THA), presented in the
English language that reported serum vitamin D levels were included.
On the other hand, basic science articles, editorials, surveys, special
topics, letters to the editor, personal correspondence and review arti-
cles, and studies reporting the effect of post-operative levels of vitamin
D without pre-operative vitamin D levels were excluded from the pre-
sent study.

2.3. Data extraction

Three investigators (AE, EN, and NSP) independently reviewed the
abstracts from all articles identified in these searches. Full-text articles
were reviewed when necessary to confirm inclusion/exclusion criteria.
Reference lists were also reviewed to minimize the risk of missing re-
levant articles. Data was recorded into a custom information extraction
table.31 We collected data on the prevalence of hypovitaminosis-D
among LE-TJA patients, the correlation between low levels of serum
vitamin D and clinical/functional outcomes, and whether hypovitami-
nosis-D was associated with a higher risk of post-operative complica-
tions.

2.4. Data analysis

The effect of Vitamin D on clinical outcomes was compiled when at
least three studies reported a common outcome. Heterogeneity was
assessed using I2 statistics. If significant heterogeneity (I2> 50%) was
present, a random-effects model was used. A Meta-analysis of propor-
tion was conducted to calculate the pooled prevalence of pre-operative
vitamin-D insufficiency and deficiency through a random-effects model
due to data heterogeneity. This was performed using Comprehensive
Meta-Analysis (Comprehensive Meta-Analysis Version 3, H. Biostat,
Englewood, NJ 2013). On the other hand, the two arm meta-analysis for
comparing WOMAC scores between vitamin-D deficient and sufficient
cohorts was conducted using Review Manager (Review Manager. Ver-
sion 5.3. Copenhagen, the Cochrane Collaboration, 2014) which cannot
perform analyses of proportions. The threshold for statistical sig-
nificance for all analyses was set at p < 0.05.

3. Results

3.1. Article identification and selection

After the exclusion of duplicates, 2861 individual reports were
identified. After the application of inclusion/exclusion criteria, 2828
studies were eliminated, leaving 33 articles for full-text review. After a
comprehensive review of these articles, a total of 18 articles met
complete inclusion criteria for analysis (Fig. 1).

3.2. level of evidence

There were three Level I studies,32–34 10 Level II studies,35–44 and 5
Level III study.45–49 Level of evidence was determined or verified using
the defined criteria by Wright J et al.50 (Table 1).

3.3. Patient demographics

The eighteen studies included 9,895 patients, of which 1,746 had a
THA, and 8132 had a TKA. One study included a small and undisclosed
number of shoulder arthroplasty patients45 while another included 85
patients as a non-operative control group.49 Thirteen studies included
only primary surgeries, three looked at either primary or revision sur-
geries, and one looked only at revision surgeries. Sixteen studies re-
ported mean ages, with the mean overall age these studies being 70.2
years. The seventeen studies which reported gender were comprised of
6,933 (70.4%) females and 2,913 (29.6%) males. The most common
reason for surgery among primary arthroplasty patients was osteoar-
thritis.

3.4. Prevalence of Hypovitaminosis-D

Among the 10 studies that looked into vitamin D insufficiency
(serum levels 20 -< 30 ng/mL), 63% of subjects (1549/2457) were in
the vitamin D insufficiency range. The pooled prevalence of vitamin D
insufficiency using the random-effects model was 53.4% (CI:
35.8–70.3) (Fig. 2). Among the 12 studies that reported vitamin D de-
ficiency serum levels (< 20 ng/mL), 52% of patients (2142/9064) met
the criteria. The pooled prevalence of vitamin D deficiency using the
random-effects model was 39.4% [CI: 22.2–56.6] (Fig. 3).

Nawabi et al.33 defined Vitamin D deficiency as< 16 ng/mL and
found that only 24% of patients (15/62) in their study met the criteria
while Shin et al. used<12 ng/mL as the threshold and found that 51%
of patients (44/87) in their study were severely vitamin D deficient.
Traven et al.35 found that the prevalence of vitamin D deficiency among
revision patients was higher than the prevalence of vitamin D defi-
ciency among all primary LE-TJA patients (55% vs. 42%, respectively).
Finally, in a cohort of 25 patients undergoing TKA, Jensen et al.51 found
a 16% prevalence of vitamin D levels under 25 ng/mL.

3.5. Patient reported outcomes

Nine articles examined post-operative patient-reported outcomes
(PROs), of these, five found that vitamin D sufficient patients performed
better than vitamin D deficient patients in at least one of the score
assessed,33,34,41,52,53 while four studies found no differences32,37,39,44

between the two groups. There was no correlation between subsets of
LE-TJA (TKA and THA) and outcomes for vitamin D deficient patients.
Of the eight studies which demonstrated worse PROs in patients with
hypovitaminosis: four were composed of THA patients, and four were
composed of TKA patients. Outcomes for which a significant difference
in favor of the non-vitamin D deficient groups was found include: both
pre and post-op Harris Hip scores,33,41 Merle d’Aubigne'-Postel scores,41

post-operative Knee Society Scores (KSS),36 the functional subdomain
of the KSS,53 the total WOMAC score52 and the stiffness subset of
WOMAC scores among TKA patients34 (Table 2). Pooled analysis of the
four studies reporting post-operative WOMAC32,34,39,44 was conducted
through a random-effects model (I2 = 58%). Results demonstrated a
trend towards poorer post-operative outcomes in patients with pre-
operative vitamin D deficiency compared to vitamin D sufficient pa-
tients (4.32, 95% CI [-1.85, 8.70]). However, this trend failed to reach
statistical significance (p = 0.07) (Fig. 4).

Lee et al.39 found similar pain scores in vitamin D deficient and non-
deficient TKA patients pre-operatively. However, a significantly higher
prevalence of moderate-to-severe pain was detected post-operatively in
patients with hypovitaminosis-D compared to vitamin D sufficient pa-
tients (13.8% vs. 5.9% respectively, p = 0.05).

3.6. Post-operative complications

Three studies evaluated the effect of pre-operative hypovitaminosis-
D on the post-operative risk of infection. Traven et al.35 found that
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patients with serum vitamin D levels< 30 ng/mL had an increased risk
of periprosthetic joint infection (PJI), as well as an increased risk of
having a complication within 90 days post-operatively when control-
ling for PJI (37.7% vs. 21.1%, p-value = 0.043). Maier et al.40 studied
patients undergoing revision LE-TJA and found a significant difference
in Vitamin D levels between patients who were revised for PJI
(13.29 ng/ml ± 6.54) compared to patients who were undergoing
primary LE-TJA (19.46 ng/m l± 9.49; p < 0.001) or who were re-
vised for any aseptic reason(13.29 ng/ml ± 6.54; p < 0.001). Fur-
thermore, Hegde et al.47 queried the humana administrative claims
registry for the incidence of pre-operative vitamin D deficiency and its
association with the development of early post-operative complications.
They found that pre-operative vitamin D levels under 20 ng/mL were
more likely to develop post-operative surgical site infection requiring
irrigation and debridement (OR = 1.76, 95% confidence interval (CI)
[1.25–2.48]; p = 0.001) after TKA.

Traven et al.35 also found that 13% of patients with hypovitami-
nosis-D needed an unplanned reoperation compared to 5.3% of patients
with normal vitamin D levels (P< .001). Patients with low vitamin
levels had more cases of multiple post-operative complications com-
pared to patients with normal vitamin D levels (20.3% vs. 8.8%,
p< .001), independent of pre-operative infection and poor nutrition.35

In the study by Hegde et al.,47 pre-operative vitamin D deficiency
(> 20 ng/mL) in TKA patients was associated with a greater likelihood
of development of stiffness requiring manipulation under anesthesia
(OR = 1.69, 95% CI [1.36–2.04]; p < 0.001), need for implant ex-
plantation (OR = 2.97, 95% CI [2.04–4.3]; p < 0.001). Furthermore,
medical complications including post-operative deep venous throm-
bosis (OR = 1.8, 95% CI [1.3–2.38]; p < 0.001), myocardial infarc-
tion (OR = 2.11, 95% CI [1.41–3.15]; p < 0.001) and cerebrovascular
accidents (OR = 1.73, 95% CI [1.17–2.57]; p = 0.006) were more
likely to occur in pre-operatively vitamin D deficient patients.

Finally, Gao et al.46 prospectively analyzed the incidence of post-

operative cognitive dysfunction (POCD) in a cohort of 257 elderly pa-
tients (mean age: 72.35) receiving elective LE-TJA (THA: n = 128; TKA
n = 129). POCD was determined based on cognitive function decline at
post-operative day seven compared to the baseline evaluated at one day
pre-operatively. They found that the patients who experienced POCD
were associated with significantly lower vitamin D levels (12.2 ± 4.7
vs. 15.4 ± 5.8; p = 0.001). Furthermore, multivariate analysis de-
monstrated that vitamin D deficiency (< 20 ng/mL) posed a significant
risk of POCD development (OR = 1.77, 95% CI [1.13–2.78],
p = 0.016).

3.7. Miscellaneous

Four studies compared length of stay. Maier et al.45 (n = 1,083)
found that primary LE-TJA patients with hypovitaminosis-D (< 20 ng/
mL) had a significantly longer mean length of stay compared to those
with sufficient serum vitamin D levels (15.6 ± 7.2 vs 11.3 ± 7.9
days, respectively; p = 0.014). Unnanuntana et al. (n = 217) found no
significant difference in length of stay among primary arthroplasty
patients who were vitamin D sufficient, vitamin D insufficient, and vi-
tamin D deficient.42 Traven et al.35 reviewed 126 revision patients and
did not find a statistically significant difference in length of stay be-
tween vitamin D insufficient (< 30 ng/mL) and vitamin D sufficient
(> 30 ng/mL) revision patients. Finally, Joris et al.52 found that TKA
patients with low pre-operative levels of vitamin D (< 30 ng/mL) de-
monstrated a longer length of stay (mean + 1 days; range +0.2- +1.6
days) compared to patients with sufficient pre-operative vitamin D le-
vels (> 30 ng/mL).

In the gait analysis study by Cunha et al., they demonstrated that
serum vitamin D levels correlated with greater post-operative peak hip
extension (R = 0.25, p = 0.017) and peak power generation (R = 0.25,
p = 0.04) in the gait cycle of patients undergoing THA.38 Unnanuntana
et al. found that patients who had hypovitaminosis-D achieved in-

Fig. 1. Flow Diagram (PRISMA Chart) Presenting the Systematic Review Process Used in this Study.
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hospital functional milestones at the same pace as those with sufficient
levels of vitamin D.42 The percentage of patients who had ASA class 3 or
4 was significantly higher in the vitamin D deficiency group (52.9%,
22.6%, and 23.9% for vitamin D deficiency, insufficiency, and normal
groups, respectively; p = 0.032)42.

Shin et al.53 compared post-operative outcomes in terms of the al-
ternate-step test (AST), 6 m walk test (SMW), sit to stand test (STS) and
timed up and go test (TUGT) between pre-operatively vitamin D defi-
cient (< 20 ng/mL) and non-deficient cohorts. All patients underwent
TKA and were evaluated at three months postoperatively. Vitamin D
deficient patients demonstrated worse AST (16.7 ± 12.0 vs
14.6 ± 3.7; p = 0.032) and SMW (8.8 ± 2.3 vs 7.7 ± 1.6;
p = 0.012) compared to non-deficient patients. On the other hand,
there was no significant difference in the results of STS and TUGT
(p > 0.05 for both) between the deficient and non-deficient cohorts.

4. Discussion

The prevalence and role hypovitaminosis-D plays in LE-TJA must be
understood so medical teams and their patients can make educated and
prudent treatment choices. Our current understanding of vitamin D
with regards to LE-TJA remains low, and even the threshold by which
hypovitaminosis-D itself is defined remains disputed.54 When reviewing
LE-TJA studies that measured serum vitamin D, we found that the two
most common thresholds used to define hypovitaminosis-D were vi-
tamin D insufficiency (< 30 ng/mL) and vitamin D deficiency
(< 20 ng/mL). Our findings show that hypovitaminosis-D was pre-
valent using both values.

The pooled prevalence of vitamin D insufficiency (20 -< 30 ng/mL)
was 53.4%, and that of deficiency (< 20 ng/mL) was 39.4%. The
prevalence of vitamin D deficiency was even higher among patients
undergoing revision surgeries (55%).35 One study reported that among
patients scheduled to undergo orthopedic surgery, the prevalence of
vitamin D insufficiency (< 32 ng/mL) was 43%, and that of deficiency
(< 20 ng/mL) was 17%.19 In the U.S, the prevalence of vitamin D de-
ficiency (< 20 ng/mL) among the general adult population has been
reported to be as high as 41.6%, a similar prevalence to the one found
in this review.55 A similar prevalence of vitamin D deficiency in the LE-
TJA population and the general population is not surprising, as reported
in other previous studies.56,57

A sufficient vitamin D level was associated with superior patient-
reported outcomes in five of the 9ninearticles that reported on this
variable. These studies utilized variable patient-reported outcome
scores, which prevented conducting a pooled analysis on many of the
reported outcomes. However, it is clear that as of date, no consensus
exists on the effect of pre-operative hypovitaminosis-D on post-opera-
tive patient-reported outcomes (Table 2). Furthermore, pooled analysis
failed to demonstrate a statistically significant difference (p = 0.07) in
the most frequently described patient-reported outcome (WOMAC)
among the included studies (Fig. 4). Further research is required in
order to assess the effect vitamin D deficiency has on accepted patient-
reported outcomes.

Some studies reported higher rates of complications in patients with
hypovitaminosis-D. But, the nature of the complications assessed
showed wide heterogeneity among the different studies, making it
difficult to make definite conclusions about the role of vitamin D on
complications after LE-TJA. One study found an increased risk of in-
fection,35 while one study found a higher incidence of vitamin D defi-
ciency in infected patients.40 The possible association between infection
and vitamin D levels is substantiated by the role vitamin D is known to
play in immune function.24 Since the discovery of the expression of
vitamin D receptors and vitamin D metabolizing enzymes in cells of the
immune system, an increasing number of studies have been performed
to elucidate the mechanism by which vitamin D affects the immune
system.58,59 Some of the possible mechanisms include upregulation of
antibacterial peptides such as cathelicidin and defensins andTa
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stimulation of toll-like receptors (TLRs), which are involved in the ac-
tivation of macrophages.58–61 Although the effect of preoperative vi-
tamin D supplementation on the development of PJI remains con-
troversial, Hegde et al. demonstrated the efficacy of a single
preoperative supplement dose of vitamin-D in decreasing the incidence
of post-operative PJI (p < 0.05) in a mouse model.62

The current study was limited by the quality of the studies that were
included. All studies that were included; however, followed reasonable
protocols and methods, and the level of evidence of each study is shown
in Table 1. The variation in the utilized cutoffs for stratification of vi-
tamin D levels contributed to the exclusion of some data from the
pooled analysis despite reporting on pre-operative vitamin D levels.
Furthermore, it is unclear whether all studies measured vitamin D levels
in a consecutive number of patients; thus, there is a possibility that the
prevalence reported in this review was affected by sample bias. The
heterogeneity of variables collected from the included studies made
rigorous statistical analysis difficult, and the wide variety of places in
which the studies were conducted may make generalizing their findings
difficult (Table 1). Another limitation is the methods by which each
study collected serum vitamin D levels. It has been shown that the most
commonly accepted methods of measurement can give drastically

different results.63 The included studies were comprised mainly of
primary surgeries with the exception of one Traven et al.35 This limits
how confident we can be in generalizing our findings outside the pri-
mary arthroplasty population. The included studies had various diag-
noses, which limits our ability to determine the effect of hypovitami-
nosis-D on a specific population but is representative of the LE-TJA
population as a whole. Finally, the variation of the included implant
designs, follow-up intervals, and the subset of surgery performed (pri-
mary versus revision; THA versus TKA) are all limiting factors inherent
in our attempt to provide a comprehensive analysis of the prevalence of
pre-operative vitamin D deficiency in patients undergoing LE-TJA.
Despite these shortcomings, the methods used in screening and com-
paring the included papers ensure confidence in our findings and main
conclusions.

In summary, our study found that more than half of the patients
undergoing LE-TJA had low levels of vitamin D. Although some studies
suggest that hypovitaminosis-D might lead to unfavorable outcomes,
there is insufficient literature to conclusively establish an association
between vitamin D and adverse outcomes after LE-TJA. Additionally, it
is still to be determined whether pre-operative correction of vitamin D
levels in patients with deficiency or insufficiency status can improve the

Fig. 2. Forest Plot showing the Pooled Prevalence of Vitamin D Insufficiency.

Fig. 3. Forest plot showing the pooled prevalence of vitamin d deficiency.
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outcomes. This can only be answered by large randomized controlled
trials, the feasibility of which is a concern. Given the paucity on the
effects of vitamin D, further studies are required to fully understand the
effects of hypovitaminosis-D and its correction on the outcomes after
LE-TJA. Nevertheless, due to the high prevalence and plausible asso-
ciation with poor outcomes, routine pre-operative screening of vitamin
D levels should be considered in patients scheduled for LE-TJA. Routine
screening is further supported by the potential association between pre-
operative vitamin D deficiency and a higher risk of adverse outcomes.
Furthermore, additional attention should be directed towards pre-op-
eratively vitamin D deficient patients in anticipation of potential
complications.
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