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It is generally accepted that the maintenance of the health of the musculoskeletal system is highly
dependent on vitamin D. However, the relationship between vitamin D levels and the incidence of
musculoskeletal injuries is still uncertain. This systematic review aimed to summarize the available
information on the association between vitamin D levels and musculoskeletal injuries. Seven electronic
databases were searched using Boolean operators to link MeSH (Medical Subject Headings) terms and free
text phrases. This improved the sensitivity and specificity of the search results. Studies investigating the
association between vitamin D status and musculoskeletal damage were included. Twelve studies met the
inclusion criteria. The majority of studies reported an increased prevalence amongst individuals with low
vitamin D levels and musculoskeletal symptoms or injury. This underlines the important role of vitamin D
screening and supplementation. Some studies have associated certain vitamin D metabolites with injury
occurrence, suggesting that levels and balance of these metabolites may influence injury risk. However,
there have been conflicting results on the effect of vitamin D supplementation on muscle function and
exercise-induced muscle injury, with some studies failing to find any significant changes. Consistent
evidence has demonstrated the benefits of vitamin D supplementation in reducing the incidence of stress
fractures in athletes. One study suggests that genetic variations may influence how vitamin D is related to
musculoskeletal health. The reviewed studies revealed a complex relationship between the vitamin D status
and musculoskeletal injuries. While low vitamin D levels were consistently observed, the effects of
supplementation on various musculoskeletal outcomes varied. These findings emphasize the need for
further research to better understand the underlying mechanisms and to develop targeted interventions for
specific populations, considering factors such as vitamin D metabolites, supplementation dosage, and
genetic variations.

Categories: Preventive Medicine, Nutrition, Orthopedics
Keywords: athletic performance, muscle function, musculoskeletal injuries, stress fractures, supplementation,
vitamin d

Introduction And Background

Vitamin D is necessary for maintaining a balance between calcium and phosphate, which is important for
bone health [1]. Beyond its well-known role in bone metabolism, new research suggests that vitamin D
might also be important for many other processes, including muscle function and regeneration [2]. Vitamin
D insufficiency is now widely recognised as a major global public health problem [2-3]. It is estimated that
over one billion people worldwide do not get enough of this essential nutrient. This has recently led to
increased interest in the possible relationship between vitamin D levels and musculoskeletal injury
incidence [3-4].

Musculoskeletal injuries encompass a wide range of conditions affecting bones, muscles, tendons, and
ligaments, significantly impacting both individuals and healthcare systems [5-6]. These injuries can result
from chronic overuse or acute traumatic events, leading to pain, disability, and a reduced quality of life.
Athletes are particularly vulnerable to these issues due to the high physical demands and repetitive nature of
their training and competition [7]. As a result, identifying modifiable risk factors and developing effective
preventive strategies are essential in sports medicine and rehabilitation [8].

The complex relationship between vitamin D and the health of the musculoskeletal system has been the
subject of much research. Vitamin D receptor (VDR) has been discovered in skeletal muscle fibres, indicating
a direct effect of vitamin D on muscle function [9]. In addition, it has been shown that vitamin D can control
the inflammatory response, which is an essential part of the recovery process after injury. Vitamin D has also
been shown to reduce the risk of stress fractures and help maintain bone mineral density [10-12]. However,
increasing numbers of studies on vitamin D levels and musculoskeletal injury have produced mixed and
often conflicting findings [10-14].

Complicating the current body of knowledge are the significant differences in populations, study designs,
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vitamin D assays, and injury definitions. In addition, the complex nature of musculoskeletal injuries, with
multiple contributing variables including age, gender, body composition, training loads, and biomechanical
characteristics, makes it difficult to determine the precise role of vitamin D in injury risk and recovery. This
systematic review aims to assess and summarise the existing literature on the relationship between vitamin
D status and the incidence, severity, and recovery of musculoskeletal injuries in different populations to fill
these knowledge gaps and provide a comprehensive understanding of the current state of evidence.

Review

Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting guidelines
[15] were followed in developing the PECO (population, exposure, comparison, outcome) procedure for this
review. The target population was defined as people of different ages and ethnicities. The focus was on
athletes and physically active people. Vitamin D status, including serum 25(OH)D concentration as well as
vitamin D intake from food, was used as a measure of exposure without any limitations to the dosage. The
comparison group was people with normal vitamin D status or who had no exposure to vitamin D
insufficiency. The main outcomes of interest were the prevalence, severity, and recovery from
musculoskeletal injuries. These included fractures, sprains, strains, and tendinopathies. The inclusion and
exclusion criteria for this review are shown in Table 1.

Inclusion criteria Exclusion criteria

Studies investigating the association between vitamin D and

L Animal studies or in vitro experiments
musculoskeletal injuries

Observational studies (cohort, case-control, cross-sectional) and

] ) Studies not reporting on musculoskeletal injuries as outcomes
randomized controlled trials

Studies reporting serum 25(0OH)D concentrations or dietary vitamin D Studies not providing sufficient data for analysis (e.g., absence
intake of effect sizes or confidence intervals)
Studies published in the English language Commentaries, editorials, case reports, and review articles

Studies including participants of all ages and backgrounds, with a focus  Studies with incomplete or unclear reporting of methods or
on athletes and physically active individuals results

TABLE 1: Review selection criteria

Protocol for Database Searches

The seven electronic databases searched for this systematic review were Embase, Scopus, Web of Science,
SPORTDiscus, ProQuest Dissertations & Theses Global, Cochrane Central Register of Controlled Trials
(CENTRAL), and MEDLINE (via PubMed) till December 2024. To improve the sensitivity and specificity of the
search results, the search strategy combined free-text keywords with Medical Subject Headings (MeSH)
phrases using Boolean operators (Table 2).
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Database Search string

(("Vitamin D"[Mesh] OR "Cholecalciferol"[Mesh] OR "Ergocalciferols"[Mesh] OR "Vitamin D Deficiency"[Mesh] OR "vitamin
d"[tiab] OR "25-hydroxyvitamin D"[tiab] OR "25(OH)D"[tiab] OR "calcidiol"[tiab] OR "calcitriol"[tiab]) AND ("Wounds and
Injuries"[Mesh] OR "Fractures, Bone"[Mesh] OR "Soft Tissue Injuries"[Mesh] OR "Athletic Injuries"[Mesh] OR "Sprains and

MEDLINE (via Strains"[Mesh] OR "Tendinopathy"[Mesh] OR "Tendon Injuries"[Mesh] OR "Ligaments/injuries"[Mesh] OR "injur*"[tiab] OR

PubMed) "fracture*"[tiab] OR "sprain*"[tiab] OR "strain*"[tiab] OR "tendin*"[tiab] OR "tendon*"[tiab] OR "ligament*"[tiab]) AND
("Cohort Studies"[Mesh] OR "Case-Control Studies"[Mesh] OR "Cross-Sectional Studies"[Mesh] OR "Randomized
Controlled Trial"[pt] OR "cohort"[tiab] OR "prospective"[tiab] OR "retrospective"[tiab] OR "case-control"[tiab] OR "cross-
sectional"[tiab] OR "randomized"[tiab] OR "randomised"[tiab] OR "RCT"[tiab]) AND "English"[lang])

(‘'vitamin d'/exp OR 'cholecalciferol'/exp OR 'ergocalciferol'/exp OR 'vitamin d deficiency'/exp OR 'vitamin d':ti,ab OR '25-
hydroxyvitamin d"ti,ab OR '25(oh)d":ti,ab OR 'calcidiol'ti,ab OR 'calcitriol':ti,ab) AND ('injury'/exp OR 'fracture'/exp OR 'soft
tissue injury'/exp OR 'sport injury'/exp OR 'sprain'/exp OR 'strain'/exp OR 'tendinopathy'/exp OR 'tendon injury'/exp OR

Embase 'ligament injury'/exp OR injur*:ti,ab OR fracture*:ti,ab OR sprain*:ti,ab OR strain*:ti,ab OR tendin*:ti,ab OR tendon*:ti,ab
OR ligament*:ti,ab) AND (‘cohort analysis'/exp OR 'case control study'/exp OR 'cross-sectional study'/exp OR 'randomized
controlled trial'/exp OR cohort:ti,ab OR prospective:ti,ab OR retrospective:ti,ab OR 'case control'ti,ab OR 'cross-
sectional'ti,ab OR randomized:ti,ab OR randomised:ti,ab OR rct:ti,ab) AND [english])/lim

TITLE-ABS-KEY(("vitamin d" OR cholecalciferol OR ergocalciferol OR "vitamin d deficiency" OR "25-hydroxyvitamin d"
OR "25(0OH)D" OR calcidiol OR calcitriol) AND (injur* OR fracture* OR sprain* OR strain* OR tendin* OR tendon* OR

Scopus ligament*) AND (cohort OR prospective OR retrospective OR "case-control" OR "cross-sectional" OR randomized OR
randomised OR rct)) AND LANGUAGE(english)
TS=(("vitamin d" OR cholecalciferol OR ergocalciferol OR "vitamin d deficiency" OR "25-hydroxyvitamin d" OR "25(OH)D"
Web of OR calcidiol OR calcitriol) AND (injur* OR fracture* OR sprain* OR strain* OR tendin* OR tendon* OR ligament*) AND
Science (cohort OR prospective OR retrospective OR "case-control" OR "cross-sectional" OR randomized OR randomised OR rct))
AND LANGUAGE: (English)
(DE "VITAMIN D" OR DE "VITAMIN D deficiency" OR TI ("vitamin d" OR cholecalciferol OR ergocalciferol OR "vitamin d
deficiency" OR "25-hydroxyvitamin d" OR "25(OH)D" OR calcidiol OR calcitriol) OR AB ("vitamin d" OR cholecalciferol OR
ergocalciferol OR "vitamin d deficiency" OR "25-hydroxyvitamin d" OR "25(OH)D" OR calcidiol OR calcitriol)) AND (DE
"WOUNDS & injuries" OR DE "FRACTURES" OR DE "SOFT tissue injuries" OR DE "SPORTS injuries" OR DE
SPORTDiscus "SPRAINS" OR DE "STRAINS" OR DE "TENDINOPATHY" OR DE "TENDON injuries" OR DE "LIGAMENTS -- Wounds &
injuries” OR TI (injur* OR fracture* OR sprain* OR strain* OR tendin* OR tendon* OR ligament*) OR AB (injur* OR
fracture* OR sprain* OR strain* OR tendin* OR tendon* OR ligament*)) AND (DE "COHORT analysis" OR DE "CASE-
controlled studies" OR DE "CROSS-sectional method" OR DE "RANDOMIZED controlled trials" OR TI (cohort OR
prospective OR retrospective OR "case-control" OR "cross-sectional” OR randomized OR randomised OR rct) OR AB
(cohort OR prospective OR retrospective OR "case-control" OR "cross-sectional" OR randomized OR randomised OR rct))
Cochrane - . . - - I )
Central (Imh "Vitamin D"] OR [mh Cholecalciferol] OR [mh Ergocalciferols] OR [mh "Vitamin D Deficiency"] OR "vitamin d":ti,ab
Register of OR "25-hydroxyvitamin D":ti,ab OR "25(OH)D":ti,ab OR calcidiol:ti,ab OR calcitriol:ti,ab) AND ([mh "Wounds and Injuries"]
Controlied OR [mh "Fractures, Bone"] OR [mh "Soft Tissue Injuries"] OR [mh "Athletic Injuries"] OR [mh "Sprains and Strains"] OR
Trials [mh Tendinopathy] OR [mh "Tendon Injuries"] OR [mh "Ligaments/injuries"] OR injur*:ti,ab OR fracture*:tiab OR
sprain*:ti,ab OR strain*:ti,ab OR tendin*:ti,ab OR tendon*:ti,ab OR ligament*:ti,ab)
(CENTRAL)
ProQuest noft(("vitamin d" OR cholecalciferol OR ergocalciferol OR "vitamin d deficiency" OR "25-hydroxyvitamin d" OR "25(OH)D"
Dissertations ~ OR calcidiol OR calcitriol) AND (injur* OR fracture* OR sprain* OR strain* OR tendin* OR tendon* OR ligament*) AND
& Theses (cohort OR prospective OR retrospective OR "case-control" OR "cross-sectional" OR randomized OR randomised OR rct))
Global AND la.exact("English")

TABLE 2: Search terms used in databases

Data Extraction Method

To ensure a comprehensive and trustworthy collection of data from the included studies, the data extraction
technique for this systematic review was developed. Two impartial reviewers who were not part of the
author team developed and tested a standard data extraction form for this review. The form was then
improved based on the feedback and understanding from the pilot phase, and the final data extraction form
was developed. The final data extraction form included information on study authorship, year of
publication, design, country, sample size, age, gender, level of competition, sport or physical activity,
exposure details (serum 25(OH)D levels, vitamin D intake, method of assessment), outcomes (type of
musculoskeletal injury, incidence, severity, recovery time), and key findings (effect size, confidence limits,
p-value).
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Bias Assessment Protocol

Three different tools were used to assess the bias for the different methods considered in this review. For
cross-sectional studies, the AXIS tool [16] was used. RCTs were assessed using the Cochrane RoB 2.0 tool
[17]. To assess bias in non-randomised and observational articles, the ROBINS-I tool [18] was used.

Results

Schematic of Article Selection

A total of 329 articles (Figure /) were identified after a thorough search of relevant databases. No additional
records were found after a manual search of all registries. Following careful screening, 285 unique records
remained for further analysis, with 44 duplicates identified and eliminated from the data collected. After the
elimination of 43 records due to the absence of full-text articles, 242 reports were left that needed to be
retrieved. Despite extensive attempts, 31 of the 211 reports could not be retrieved due to paywall
restrictions. Their eligibility was determined based on pre-specified inclusion criteria. During the eligibility
assessment, 160 reports were rejected for various reasons: 36 were considered as off-topic, 48 as
insufficiently PECO-compliant, 29 as literature reviews, 11 as scoping reviews, 36 as grey literature, and 40
as editorials. In the end, 12 papers [19-29] met the inclusion criteria. They were included in the final

assessment.
Identification of new studies via databases and registers
c Records removed before screening:
2 Records identified from: Duplicate records (n = 44)
§ Databases (n = 329) Records marked as ineligible by automation
z Registers (n = 0) tools (n = 0)
§ Records removed for other reasons (n = 0)
Records screened | Records excluded
(n = 285) g (n=43)
y
Reports sought for retrieval Reports not retrieved
(n=242) (n=31)
(=]
=
=
[
o
O
@\ Reports excluded:
Not responded to PECO (n = 36)
Reports assessed for eligibility Literaotgr:eogsig;v: ?nS)_ 29)
(n=211) ; : _
Scoping reviews (n = 11)
Gray literature (n = 36)
Editorials (n = 39)
= New studies included in review
Y (n=12)
% Reports of new included studies
= (n=0)

FIGURE 1: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) protocol representation of the study inclusion
process for the review

Assessment of Bias in Different Domains

In the ROBINS-I assessment, three studies [18,23,25] had an overall low risk of bias (Figure 2), whereas four
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studies [19,22,27,28] had a moderate risk of bias.

Risk of bias domains

00000 S

©00O0OOS®

Domains: Judgement
D1: Bias due to confounding.

D2: Bias due to selection of participants. = Moderate
D3: Bias in classification of interventions. . Low

D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data.

D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

FIGURE 2: Bias assessment using the ROBINS-I tool

The AXIS tool assessment (Figure 3) showed that one study [29] had an overall low risk of bias.

Risk of bias

® © O
® ® ®
® ® @

©
®
®

® 0 O
® 0 e
|_NONO)

D1: Selection Judgement
D2: Performance .

D3: Detection . High
D4: Attrition = Unclear
D5: Reporting

D6: Other . Low

FIGURE 3: Bias assessment using the AXIS tool

Two other studies [20,21] had a moderate risk. Both studies [24,26] had an overall low risk of bias based on
the RoB 2.0 tool (Figure 4), despite notable problems in specific areas.
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Author ID

Ammerman
etal. [18]

Carswell et
al.[19]

de
Rezende et
al. [20]

Hertig-
Godeschalk
etal. [21]

Massidda
et al. [22]

Study design and

sample size

Prospective cohort
study; 105 female

patients aged 16-

40 years

Prospective cohort
study; 1637 men
and 530 women
aged 226 +75

years

Cross-sectional
study; 49 pre-
professional
dancers aged 17 £

4.44 years

Cross-sectional
study; 87 patients
with acute spinal

cord injury (SCI)

Cohort study; 54
male professional

football players

Risk of bias domains

| D5 | overal

Nieman et al. [24]

bt | b2 | b3 | D4
®@ © 0 @

Study

Shanely et al. [26]

© ® ® @

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

FIGURE 4: Bias assessment using the RoB 2.0 tool

®@ @
© @

Judgement

- Some concerns

. Low

Assessment of Demographic Variables

Table 3 shows which studies were included and analysed: RCTs [24,26], cross-sectional studies [20,21],
prospective [18,19,29], and retrospective cohort studies [23] and case-control studies [27,28]. Among the
included studies, there were differences in the size of the sample and the research design. The study [24]
included 28 participants in a randomised, double-blind, placebo-controlled design. The participants were
NASCAR pit crew athletes. The mean age of the 1,637 males and 530 females in a prospective cohort study
was 22.6 + 7.5 years [19]. Several studies have looked at specific sports groups, including NFL combine
attendees [25], NCAA Division I athletes [23,29], and professional football players [22]. Other studies have
included patients with acute spinal cord injury [21], high school athletes with low vitamin D status [26],
female patients aged 16-40 years [18], preprofessional dancers aged 17 + 4.44 years [20], and patients with
foot or ankle injuries [28]. One study used a cumulative case-control approach to compare athletes with and
without stress fractures of the fifth metatarsal [27].

Interventions Study
assessed duration
Vitamin D levels
(normal: 232 ng/mL,  Within
insufficient: 20.01- four
31.9 ng/mL, weeks of
deficient: <20 diagnosis
ng/mL)
Serum 25(0OH)D,
24,25(0H)2D, and 12 weeks
1,25(0H)2D levels
Serum 25(0OH)D3
levels (normal: >30

Six
ng/mL,

months
insufficient/deficient:
<30 ng/mL)
Vitamin D status

Median
(deficient: <50

15 days
nmol/L, insufficient:

after the
50-75 nmol/L,

SCI
sufficient: >75

onset
nmol/L)

Four
VDR gene football
polymorphisms seasons
(Apal, Bsml, Fokl) (2009-

2013)
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Primary outcomes

evaluated

Prevalence of low

vitamin D in acute and

overuse injuries

Incidence of lower body

overuse
musculoskeletal and

bone stress injuries

Muscle function (peak

torque, fatigue) and

injury incidence

Prevalence of deficient,

insufficient, and
sufficient vitamin D

status

Association between
VDR polymorphisms
and musculoskeletal
injury (MI) incidence

and severity

Results observed

65.7% had low vitamin D; the highest
prevalence was in
ligamentous/cartilaginous injuries
(76.5%)

Lower incidence associated with
higher 24,25(0OH)2D and lower
1,25(0H)2D:24,25(0H)2D ratio

The normal 25(0OH)D3 group had
lower fatigue rates; injured dancers

had lower peak torque

67% deficient, 25% insufficient;
negative correlation with BMI,
positive correlation with calcium
status

No significant differences in M|
incidence/severity between
genotypes; Apal genotypes
accounted for 18% of injury severity

variance

Overall inference drawn

High prevalence of low
vitamin D in female
patients with various

musculoskeletal complaints

Greater conversion of
25(0OH)D to 24,25(0H)2D
relative to 1,25(0H)2D
associated with lower injury
incidence

Link between serum
25(0OH)D3 and reduced
muscle fatigue resistance;
association between
muscular strength and

injury

High prevalence of
deficient or insufficient
vitamin D status directly
after SCl onset;
recommendation for

supplementation

Apal genotypes may
influence the severity of
muscle injury in top-level

football players
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Millward et
al. [23]

Nieman et
al. [24]

Rebolledo
etal. [25]

Shanely et
al. [26]

Shimasaki
etal. [27]

Smith et al.

[28]

Williams et
al. [29]

Cohort study; 802
NCAA Division |
athletes (497 men,

305 women)

Randomized,
double-blind,
placebo-controlled
study; 28 NASCAR

pit crew athletes

Retrospective case
series; 214 NFL
combine athletes

Randomized
controlled trial; high
school athletes
with low vitamin D

status

Cumulative case-
control study; 37
athletes (18 with 5-
MT stress fractures,

19 controls)

Prospective case-
control study; 75
patients with foot or

ankle injuries

Prospective cross-
sectional analysis
with retrospective
control comparison;
118 NCAA Division

| athletes

Vitamin D
2012-
2018

supplementation for
athletes with levels
<40 ng/mL

Six-week vitamin D2
supplementation
(3800 IU/day) vs.

placebo

6 weeks

Serum 25-
hydroxyvitamin D

levels (normal: 232
Not

ng/mL, insufficient: "
specified

20-31 ng/mL,
deficient: <20
ng/mL)

Portobello

mushroom powder Six
(600 U/d vitamin

D2) vs. placebo

weeks

Serum 25-
hydroxyvitamin D
(25-OHD),
parathyroid
hormone (PTH), and

bone turnover

Not

specified

markers

Serum 25-OH
vitamin D levels in
patients with low-
months
energy fractures vs.

ankle sprains

Vitamin D3
supplementation
(50,000 IU/week for

Eight
eight weeks) in

weeks
athletes with serum

25(0OH)D <30
ng/mL

Stress fracture rate
differences between
those who improved or
maintained vitamin D
levels 240 ng/mL and

those who did not

Influence on muscle
function, eccentric
exercise-induced
muscle damage
(EIMD), and delayed
onset of muscle
soreness (DOMS)

Association between
vitamin D levels and
prevalence of lower
extremity muscle
strains and core muscle

injuries

Effect on skeletal
muscle function and
exercise-induced

muscle damage

Endocrine risk factors
for fifth metatarsal (5-

MT) stress fractures

Prevalence of vitamin D
deficiency in patients
with foot or ankle

disorders

Effect of vitamin D3
supplementation on
stress fracture
occurrence in high-risk

collegiate athletes

12% higher stress fracture rate in
those who remained low in vitamin D
compared to those who improved
levels to 240 ng/mL; higher baseline
vitamin D in outdoor vs. indoor

athletes

Increased serum 25(0OH)D2,
decreased 25(OH)D3; no effect on
muscle function; higher muscle
damage biomarkers post-eccentric

exercise in vitamin D2 group

Inadequate vitamin D in 59%; lower
vitamin D levels associated with
muscle strain/core muscle injury
history; higher odds of hamstring

injury with inadequate vitamin D

Increased serum 25(0OH)D2,
decreased 25(OH)D3; no differences
in muscle function or muscle

damage markers between groups

Insufficient 25-OHD levels (<30
ng/mL), higher PTH, and higher
bone-specific alkaline phosphatase
were associated with increased odds

of 5-MT stress fractures

47% had insufficient vitamin D (<30
ng/mL), 13% deficient (<20 ng/mL);
lower vitamin D in fracture patients
vs. ankle sprains; smoking, obesity,
and medical risk factors associated

with insufficiency

Almost half of the athletes were
vitamin D deficient; stress fracture
rate decreased from 7.51%
(retrospective) to 1.65%

(prospective) with supplementation

Correcting low serum
vitamin D levels reduces
stress fracture risk; indoor
athletes may be at greater

risk for vitamin D deficiency

Six-week vitamin D2
supplementation did not
improve muscle function
and amplified muscle
damage markers following

eccentric exercise

High prevalence of
inadequate vitamin D in
NFL combine athletes;
players with a muscle
strain/core muscle injury
history had lower vitamin D

levels

600 1U/d vitamin D2 did not
improve muscular function
or attenuate exercise-
induced muscle damage in

high school athletes

25-OHD insufficiency was
associated with an
increased incidence of 5-
MT stress fractures, which
may guide interventions for

prevention

Hypovitaminosis D was
common in patients with
foot or ankle injuries,
particularly in those with
low-energy fractures and

certain risk factors

Vitamin D3
supplementation
significantly reduced stress
fracture incidence in high-

risk collegiate athletes

TABLE 3: Studies that were included in the review and the assessments that were observed

Evaluation of Parameters and Outcomes

Ammerman et al. [18] investigated the incidence of low vitamin D levels in patients diagnosed with acute

and overuse injuries within four weeks. The relationship between blood levels of different types of vitamin D
and the likelihood of stress fractures and overuse injuries in the lower body over 12 weeks was investigated
by Carswell et al. [19]. The study by De Rezende et al. [20] looked at the relationship between vitamin D levels

in the blood, injuries, and muscle function over six months.

Approximately 15 days after injury, Hertig-Godeschalk and colleagues [21] measured the proportion of
participants with low, inadequate, or adequate vitamin D. Massidda and colleagues [22] examined the
relationship between variations in genes linked to vitamin D and the frequency and severity of injuries

sustained by football players over four seasons. Millward et al. [23] compared athletes who maintained or
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increased their vitamin D levels with those who did not, to determine the number of stress fractures that
occurred after treatment of individuals with low vitamin D levels. The research project was carried out from
2012 to 2018. Nieman et al. [24] investigated the effects of 3800 IU/day of vitamin D2 supplementation for
six weeks on muscle performance, muscle injury during prolonged exercise, and delayed muscle soreness in
comparison with a placebo. Although they did not specify the duration of the study, Rebolledo et al. [25]
investigated the relationship between blood levels of vitamin D and the frequency of leg and trunk muscle
strains. Shanely et al. [26] investigated the effects of vitamin D2 (600 IU/d) and mushroom powder on
exercise-induced muscle damage and function over six weeks. Shimasaki et al. [27] examined hormonal risk
variables for stress fractures in a predetermined foot bone. These included vitamin D, parathyroid hormone,
and blood-borne turnover markers, although they did not specify a period. Over a period of six months,
Smith et al. [28] investigated the prevalence of vitamin D deficiency in individuals with low-impact fractures
compared with those with ankle sprains. The effect of vitamin D supplementation (50,000 IU/week for eight
weeks) on the incidence of stress fractures in high-risk college athletes with low vitamin D levels was
investigated by Williams et al. [29].

Observed Outcomes

According to a study by Ammerman et al. [18], 65.7% of the population had insufficient levels of vitamin D,
with the highest percentage (76.5%) being among those who had suffered cartilage or ligament damage.
Carswell et al. [19] found that when specific forms of vitamin D were balanced in the body, there were fewer
bone stress injuries and lower body overuse injuries. Research by De Rezende et al. [20] showed that dancers
with normal vitamin D levels had less fatigue, but those with injuries had weaker muscles. Sixty-seven
percent of people had low vitamin D, which was associated with lower BMI and higher calcium levels,
according to Hertig-Godeschalk et al. [21]. Massidda et al. [22] found that specific genetic variants, not
frequencies, accounted for 18% of the variation in injury severity among athletes. Despite an increase in
their vitamin D levels, Millward et al. [23] observed that athletes who played in outdoor sports had a 12%
higher risk of stress fractures than those who played in indoor sports. Although vitamin D2 supplementation
altered vitamin D levels, it did not affect muscle function, according to Nieman et al. [24]. In addition, the
supplement group had higher levels of indicators of muscle damage after a period of vigorous exercise.
Rebolledo et al. [25] reported that 59% of participants had vitamin D insufficiency, which was associated
with increased injury risk and hamstring and trunk injuries. According to Shanely et al. [26], supplements
altered vitamin D levels but did not affect muscle function or injury indicators. A specific stress fracture of
the foot bone was found to be more common in people with low levels of vitamin D, high levels of bone-
specific alkaline phosphatase, and high levels of parathyroid hormone, according to Shimasaki et al. [27].
Similarly, Smith et al. [28] found that 13% of participants had a vitamin D deficiency (<20 ng/mL), while 47%
had insufficient levels (<30 ng/mL). Both deficiencies were linked to health risks, including being overweight
and smoking. In comparison with people with ankle sprains, people with ankle fractures had lower levels.
The use of supplements by athletes reduced their risk of stress fractures from 7.51% to 1.65%. Williams et al.
[29] found that almost 50% of athletes had inadequate vitamin D levels.

Discussion

The relationship between vitamin D and musculoskeletal health is demonstrated by the fact that the results
of the included studies differ from each other. The majority of the included papers, including those by
Ammerman et al. [18], Hertig-Godeschalk et al. [21], Rebolledo et al. [25], and Smith et al. [28], consistently
showed a significant incidence of low vitamin D levels in their respective populations. These studies
highlight the importance of assessing and supplementing these populations with vitamin D. This suggests
that people with musculoskeletal conditions or injuries often have low levels of vitamin D.

Vitamin D is essential for the maintenance of strong, healthy bones. Because vitamin D facilitates calcium
absorption from food, low levels can cause a small increase in a calcium-regulating hormone, accelerating
changes in bone structure [30]. Low levels of vitamin D [30-32] and high levels of this calcium-regulating
hormone [31] are linked to stress breakage, but taking supplements of both vitamins can reduce stress
breakage by up to 20% [30].

Research suggests that vitamin D may play an important role in reducing acute muscle damage caused by
intense physical activity [33-40]. One study [33] found that having higher levels of vitamin D before
exercising was associated with muscles regaining strength more quickly after exercise-induced muscular
damage. Although these experiments were not carried out in athletes in particular, another study [34] has
shown that vitamin D supplementation can significantly reduce the muscle damage that occurs after high-
intensity, long-duration exercise.

In our review of the current literature in this area, we found that a large number of studies have consistently
shown a significant prevalence of vitamin D insufficiency or deficiency in individuals with muscle and bone
complaints or problems [18,21,25,28]. This is concordant with studies by Sikora-Klak et al. [41] and Yoon et
al. [42] who also reported that athletes, particularly those who compete indoors and during the winter, have
a significant prevalence of vitamin D deficiency. According to Yoon et al. [42], low vitamin D levels weaken
muscles and increase the risk of bone and muscle injuries. According to Sikora-Klak et al. [41], athletes who
do not get enough vitamin D may be more susceptible to illness, more prone to stress fractures, and slower
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to recover from muscle injuries.

There may be an association between vitamin D levels and injury frequency, according to our findings
[19,27]. The studies by Sikora-Klak et al. [41], Yoon et al. [42], Chevalley et al. [43], and LeBoff et al. [44] do
not discuss this conclusion in detail. Nevertheless, these findings underscore the importance of monitoring
blood vitamin D levels in both the general population and in athletes.

This review noted inconsistent effects of vitamin D supplementation on muscle function and exercise-
induced muscle injury [20,24,26]. This inconsistency is not specifically addressed in the research by Sikora-
Klak et al. [41], Yoon et al. [42], Chevalley et al. [43], and LeBoff et al. [44]. Yoon et al. [42] suggested vitamin
D supplementation with 2000-6000 IU of vitamin D3 daily. This was a recommendation for athletes whose
vitamin D levels were low.

There is consistent data to suggest that athletes who take vitamin D supplements have a lower risk of stress
fractures, which is in line with our findings [23,29]. This finding is consistent with the recommendations of
Sikora-Klak and colleagues [41] and Yoon and colleagues [42] for the treatment of athletes with low vitamin
D levels to reduce their risk of injury. Vitamin D supplementation showed no beneficial effects on bone and
muscle health in older people with normal blood levels of the vitamin, according to the study by LeBoff et al.
[44]. In addition, hereditary variables may influence the interaction between vitamin D and muscle and bone
health, as noted in our review [22]. The studies by Sikora-Klak et al. [41], Yoon et al. [42], Chevalley et al. [43],
and LeBoff et al. [44] did not investigate this aspect. Although the studies by Sikora-Klak et al. [41], Yoon et
al. [42], Chevalley et al. [43], and LeBoff et al. [44] did not directly evaluate the primary outcomes analyzed in
this review, they were included in the discussion to provide contextual relevance and to support broader
clinical implications regarding vitamin D and musculoskeletal health. These studies contributed valuable
insights into vitamin D recommendations, population-specific supplementation thresholds, and its
potential preventive role in injury mitigation, particularly among athletes and active individuals. Sikora-
Klak et al. [41] and Yoon et al. [42] advocated for targeted supplementation strategies in athletic
populations, which paralleled the associations observed in our analysis regarding reduced stress fracture
risk. Although Chevalley et al. [43] and LeBoff et al. [44] did not focus on athletic cohorts or injury incidence
per se, their observations on the variability of musculoskeletal outcomes with respect to age, baseline
vitamin D status, and genetic predispositions provided supporting evidence that helped explain some of the
inconsistencies identified in the pooled studies.

Limitations

The main limitation of our review was the diversity of the included studies, which were very different in
terms of the characteristics of the population, the techniques used to assess vitamin D, and the
musculoskeletal outcomes that they investigated. It was difficult to perform a meta-analysis and draw
definitive conclusions because of this heterogeneity. The quality of the methods used in the included studies
was also variable, and the validity of their results was affected by small sample sizes and the lack of
appropriate controls. Furthermore, as most of the studies were observational, it was difficult to establish a
direct link between vitamin D levels and musculoskeletal problems.

Clinical Recommendations

Based on the results of this thorough analysis, several recommendations can be made to improve therapeutic
practice and to increase our knowledge of the relationship between vitamin D and musculoskeletal
problems. First, to establish causal relationships between vitamin D levels and musculoskeletal outcomes,
large, carefully designed RCTs are needed. These trials should consider a range of variables, including
vitamin D metabolites, supplement dose, and population characteristics. Second, standardised techniques
for the diagnosis of musculoskeletal problems and the measurement of vitamin D levels should be used to
enable comparisons between trials and meta-analyses to be carried out. In addition, the use of supplements
and regular vitamin D testing should be considered for people who are more prone to musculoskeletal
injuries, such as athletes and patients with specific risk factors. Further studies are needed to understand
how genetic variants may affect the relationship between vitamin D and musculoskeletal health so that
specific treatments and risk assessment methods can be developed.

Conclusions

As low vitamin D levels are often associated with musculoskeletal problems or complaints, the results of our
analysis highlight the need to measure and provide vitamin D supplementation in these populations.
Evidence is inconsistent regarding the effect of vitamin D supplementation on various musculoskeletal
outcomes, such as muscle function and exercise-induced muscle injury. The importance of vitamin D
metabolites and genetic variants in controlling the relationship between vitamin D and musculoskeletal
health is complex. Therefore, while an association is observed, causality is not established, and further
research is needed to clarify these relationships.

Additional Information

2025 Maai et al. Cureus 17(4): €82495. DOI 10.7759/cureus.82495 9of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Nader Maai, Florian A. Frank
Acquisition, analysis, or interpretation of data: Nader Maai, Arthur Meuris, Nando Ferreira
Drafting of the manuscript: Nader Maai, Nando Ferreira

Critical review of the manuscript for important intellectual content: Nader Maai, Florian A. Frank,
Arthur Meuris, Nando Ferreira

Supervision: Nader Maai, Nando Ferreira

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. LeBoff MS, Chou SH, Ratliff KA, et al.: Supplemental vitamin D and incident fractures in midlife and older
adults. N Engl ] Med. 2022, 387:299-309. 10.1056/NEJMo0a2202106
2. Uusi-Rasi K, Patil R, Karinkanta S, Kannus P, Tokola K, Lamberg-Allardt C, Sievinen H: Exercise and vitamin
D in fall prevention among older women: a randomized clinical trial. JAMA Intern Med. 2015, 175:703-11.
10.1001/jamainternmed.2015.0225
3. Middelkoop K, Micklesfield LK, Walker N, et al.: Influence of vitamin D supplementation on bone mineral
content, bone turnover markers, and fracture risk in South African schoolchildren: multicenter double-blind
randomized placebo-controlled trial (ViDiKids). ] Bone Miner Res. 2024, 39:211-21. 10.1093/jbmr/zjae007
4.  Holick MF, Binkley NC, Bischoff-Ferrari HA, et al.: Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice guideline. ] Clin Endocrinol Metab. 2011, 96:1911-30.
10.1210/jc.2011-0385
5. Bolland MJ, Bacon CJ, Horne AM, et al.: Vitamin D insufficiency and health outcomes over 5 y in older
women. Am | Clin Nutr. 2010, 91:82-9. 10.3945/ajcn.2009.28424
6. Owens DJ, Sharples AP, Polydorou I, et al.: A systems-based investigation into vitamin D and skeletal
muscle repair, regeneration, and hypertrophy. Am J Physiol Endocrinol Metab. 2015, 309:E1019-31.
10.1152/ajpendo.00375.2015
7. Patil R, Kolu P, Raitanen J, et al.: Cost-effectiveness of vitamin D supplementation and exercise in
preventing injurious falls among older home-dwelling women: findings from an RCT. Osteoporos Int. 2016,
27:193-201. 10.1007/s00198-015-3240-9
8. Belluscio V, Orejel Bustos AS, Camomilla V, et al.: Experimental study protocol of the project "MOtor
function and VItamin D: toolkit for motor performance and risk Assessment (MOVIDA)". PLoS One. 2021,
16:€0254878. 10.1371/journal.pone.0254878
9. Bischoff HA, Stdhelin HB, Dick W, et al.: Effects of vitamin D and calcium supplementation on falls: a
randomized controlled trial. ] Bone Miner Res. 2003, 18:343-51. 10.1359/jbmr.2003.18.2.343
10.  McCarthy MS, Elshaw EB, Szekely BM, Raju D: A prospective cohort study of vitamin D supplementation in
AD soldiers: preliminary findings. Mil Med. 2019, 184:498-505. 10.1093/milmed/usy393
11.  Arden NK, Cro S, Sheard S, et al.: The effect of vitamin D supplementation on knee osteoarthritis, the VIDEO
study: a randomised controlled trial. Osteoarthritis Cartilage. 2016, 24:1858-66. 10.1016/j.joca.2016.05.020
12.  Sefton JM, Lyons KD, Beck DT, et al.: Markers of bone health and impact of whey protein supplementation
in army initial entry training soldiers: a double-blind placebo-controlled study. Nutrients. 2020,
12:10.3390/nu12082225
13.  Oppl B, Michitsch G, Misof B, et al.: Low bone mineral density and fragility fractures in permanent
vegetative state patients. ] Bone Miner Res. 2014, 29:1096-100. 10.1002/jbmr.2122
14. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71
15. Downes MJ, Brennan ML, Williams HC, Dean RS: Development of a critical appraisal tool to assess the
quality of cross-sectional studies (AXIS). BMJ Open. 2016, 6:e011458. 10.1136/bmjopen-2016-011458
16.  Sterne JA, Savovic ], Page M], et al.: RoB 2: a revised tool for assessing risk of bias in randomised trials . BMJ.
2019, 366:14898. 10.1136/bm;j.14898
17.  Igelstrom E, Campbell M, Craig P, Katikireddi SV: Cochrane's risk of bias tool for non-randomized studies
(ROBINS-I) is frequently misapplied: a methodological systematic review. ] Clin Epidemiol. 2021, 140:22-32.
10.1016/j.jclinepi.2021.08.022
18. Ammerman BM, Ling D, Callahan LR, Hannafin JA, Goolsby MA: Prevalence of vitamin D insufficiency and
deficiency in young, female patients with lower extremity musculoskeletal complaints. Sports Health. 2021,
13:173-80. 10.1177/1941738120953414

2025 Maai et al. Cureus 17(4): €82495. DOI 10.7759/cureus.82495 10 of 11


https://dx.doi.org/10.1056/NEJMoa2202106?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa2202106?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamainternmed.2015.0225?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamainternmed.2015.0225?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/jbmr/zjae007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/jbmr/zjae007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2011-0385?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1210/jc.2011-0385?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3945/ajcn.2009.28424?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3945/ajcn.2009.28424?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1152/ajpendo.00375.2015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1152/ajpendo.00375.2015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00198-015-3240-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00198-015-3240-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0254878?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0254878?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1359/jbmr.2003.18.2.343?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1359/jbmr.2003.18.2.343?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/milmed/usy393?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/milmed/usy393?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joca.2016.05.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joca.2016.05.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu12082225?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu12082225?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jbmr.2122?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jbmr.2122?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.n71?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.n71?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjopen-2016-011458?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjopen-2016-011458?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.l4898?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.l4898?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jclinepi.2021.08.022?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jclinepi.2021.08.022?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1941738120953414?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1941738120953414?utm_medium=email&utm_source=transaction

Cureus

Part of SPRINGER NATURE

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

Carswell AT, O'Leary TJ, Swinton P, et al.: Vitamin D metabolites are associated with musculoskeletal injury
in young adults: a prospective cohort study. ] Bone Miner Res. 2023, 38:1453-64. 10.1002/jbmr.4890

de Rezende Araujo II, Sampaio LH, Bittar AJ, da Silva Hamu TC, Wyon MA, Formiga CK: The relationship
between vitamin D levels, injury and muscle function in adolescent dancers. Int | Sports Med. 2020, 41:360-
4, 10.1055/a-1087-2130

Hertig-Godeschalk A, Scheel-Sailer A, Wey Y, et al.: Prevalence of an insufficient vitamin D status at the
onset of a spinal cord injury - a cross-sectional study. Spinal Cord. 2023, 61:211-7. 10.1038/s41393-022-
00873-z

Massidda M, Corrias L, Bachis V, Cugia P, Piras F, Scorcu M, Calo CM: Vitamin D receptor gene
polymorphisms and musculoskeletal injuries in professional football players. Exp Ther Med. 2015, 9:1974-8.
10.3892/etm.2015.2364

Millward D, Root AD, Dubois ], et al.: Association of serum vitamin D levels and stress fractures in collegiate
athletes. Orthop ] Sports Med. 2020, 8:2325967120966967. 10.1177/2325967120966967

Nieman DC, Gillitt ND, Shanely RA, Dew D, Meaney MP, Luo B: Vitamin D2 supplementation amplifies
eccentric exercise-induced muscle damage in NASCAR pit crew athletes. Nutrients. 2013, 6:63-75.
10.3390/nu6010063

Rebolledo BJ, Bernard JA, Werner BC, et al.: The association of vitamin D status in lower extremity muscle
strains and core muscle injuries at the national football league combine. Arthroscopy. 2018, 34:1280-5.
10.1016/j.arthro.2017.10.005

Shanely RA, Nieman DC, Knab AM, et al.: Influence of vitamin D mushroom powder supplementation on
exercise-induced muscle damage in vitamin D insufficient high school athletes. ] Sports Sci. 2014, 32:670-9.
10.1080/02640414.2013.847279

Shimasaki Y, Nagao M, Miyamori T, et al.: Evaluating the risk of a fifth metatarsal stress fracture by
measuring the serum 25-hydroxyvitamin D levels. Foot Ankle Int. 2016, 37:307-11.
10.1177/1071100715617042

Smith JT, Halim K, Palms DA, Okike K, Bluman EM, Chiodo CP: Prevalence of vitamin D deficiency in
patients with foot and ankle injuries. Foot Ankle Int. 2014, 35:8-13. 10.1177/1071100713509240

Williams K, Askew C, Mazoue C, Guy ], Torres-McGehee TM, Jackson [ii JB: Vitamin D3 supplementation
and stress fractures in high-risk collegiate athletes - a pilot study. Orthop Res Rev. 2020, 12:9-17.
10.2147/ORR.S233387

Miller JR, Dunn KW, Ciliberti L] Jr, Patel RD, Swanson BA: Association of vitamin D with stress fractures: a
retrospective cohort study. ] Foot Ankle Surg. 2016, 55:117-20. 10.1053/j.jfas.2015.08.002

Thompson B, Waterhouse M, English DR, et al.: Vitamin D supplementation and major cardiovascular
events: D-Health randomised controlled trial. BMJ. 2023, 381:075230. 10.1136/bmj-2023-075230
Waterhouse M, Ebeling PR, McLeod DSA, et al.: The effect of monthly vitamin D supplementation on
fractures: a tertiary outcome from the population-based, double-blind, randomised, placebo-controlled D-
Health trial. Lancet Diabetes Endocrinol. 2023, 11:324-32. 10.1016/S2213-8587(23)00063-3

Barker T, Schneider ED, Dixon BM, Henriksen VT, Weaver LK: Supplemental vitamin D enhances the
recovery in peak isometric force shortly after intense exercise. Nutr Metab (Lond). 2013, 10:69.
10.1186/1743-7075-10-69

Pilch W, Kita B, Piotrowska A, et al.: The effect of vitamin D supplementation on the muscle damage after
eccentric exercise in young men: a randomized, control trial. ] Int Soc Sports Nutr. 2020, 17:53.
10.1186/s12970-020-00386-1

Zebrowska A, Sadowska-Krepa E, Stanula A, et al.: The effect of vitamin D supplementation on serum total
25(0OH) levels and biochemical markers of skeletal muscles in runners. | Int Soc Sports Nutr. 2020, 17:18.
10.1186/s12970-020-00347-8

Willis KS, Smith DT, Broughton KS, Larson-Meyer DE: Vitamin D status and biomarkers of inflammation in
runners. Open Access ] Sports Med. 2012, 3:35-42. 10.2147/0OAJSM.S31022

Ferrari D, Locatelli M, Briguglio M, Lombardi G: Is there a link between vitamin D status, SARS-CoV-2
infection risk and COVID-19 severity?. Cell Biochem Funct. 2021, 39:35-47. 10.1002/cbf.3597

Ke CY, Yang FL, Wu WT, et al.: Vitamin D3 reduces tissue damage and oxidative stress caused by exhaustive
exercise. Int ] Med Sci. 2016, 13:147-53. 10.7150/ijms.13746

Hyldahl RD, Hubal MJ: Lengthening our perspective: morphological, cellular, and molecular responses to
eccentric exercise. Muscle Nerve. 2014, 49:155-70. 10.1002/mus.24077

Peake JM, Neubauer O, Della Gatta PA, Nosaka K: Muscle damage and inflammation during recovery from
exercise. ] Appl Physiol (1985). 2017, 122:559-70. 10.1152/japplphysiol.00971.2016

Sikora-Klak J, Narvy SJ, Yang ], Makhni E, Kharrazi FD, Mehran N: The effect of abnormal vitamin D levels in
athletes. Perm J. 2018, 22:17-216. 10.7812/TPP/17-216

Yoon S, Kwon O, Kim J: Vitamin D in athletes: focus on physical performance and musculoskeletal injuries .
Phys Act Nutr. 2021, 25:20-5. 10.20463/pan.2021.0011

Chevalley T, Brandi ML, Cashman KD, et al.: Role of vitamin D supplementation in the management of
musculoskeletal diseases: update from an European Society of Clinical and Economical Aspects of
Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEO) working group. Aging Clin Exp Res.
2022, 34:2603-23. 10.1007/s40520-022-02279-6

LeBoff MS, Bischoff-Ferrari HA: The effects of vitamin D supplementation on musculoskeletal health: the
VITAL and DO-Health trials. ] Gerontol A Biol Sci Med Sci. 2023, 78:73-8. 10.1093/gerona/glad073

2025 Maai et al. Cureus 17(4): €82495. DOI 10.7759/cureus.82495

11 0of 11


https://dx.doi.org/10.1002/jbmr.4890?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/jbmr.4890?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/a-1087-2130?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1055/a-1087-2130?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41393-022-00873-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41393-022-00873-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3892/etm.2015.2364?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3892/etm.2015.2364?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/2325967120966967?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/2325967120966967?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu6010063?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/nu6010063?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arthro.2017.10.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arthro.2017.10.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/02640414.2013.847279?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/02640414.2013.847279?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1071100715617042?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1071100715617042?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1071100713509240?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1071100713509240?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/ORR.S233387?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/ORR.S233387?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.jfas.2015.08.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.jfas.2015.08.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj-2023-075230?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj-2023-075230?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2213-8587(23)00063-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2213-8587(23)00063-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1743-7075-10-69?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1743-7075-10-69?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12970-020-00386-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12970-020-00386-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12970-020-00347-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12970-020-00347-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/OAJSM.S31022?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/OAJSM.S31022?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/cbf.3597?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/cbf.3597?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7150/ijms.13746?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7150/ijms.13746?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/mus.24077?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/mus.24077?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1152/japplphysiol.00971.2016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1152/japplphysiol.00971.2016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7812/TPP/17-216?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7812/TPP/17-216?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.20463/pan.2021.0011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.20463/pan.2021.0011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s40520-022-02279-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s40520-022-02279-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/gerona/glad073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/gerona/glad073?utm_medium=email&utm_source=transaction

	Association Between Vitamin D and Musculoskeletal Injuries: A Systematic Review
	Abstract
	Introduction And Background
	Review
	Methods
	TABLE 1: Review selection criteria
	TABLE 2: Search terms used in databases

	Results
	FIGURE 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol representation of the study inclusion process for the review
	FIGURE 2: Bias assessment using the ROBINS-I tool
	FIGURE 3: Bias assessment using the AXIS tool
	FIGURE 4: Bias assessment using the RoB 2.0 tool
	TABLE 3: Studies that were included in the review and the assessments that were observed

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


