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Abstract

Background Vitamin D is essential for maintaining

optimal bone health. The prevalence of vitamin D inade-

quacy in athletes is currently unclear.

Objective The objective of this study is to determine the

prevalence of vitamin D inadequacy in athletes.

Methods We conducted a systematic review and meta-

analysis. Multiple databases were searched and studies

assessing serum 25-hydroxyvitamin D [25(OH)D] status in

athletes were identified. Serum 25(OH)D is measured to

clinically determine vitamin D status. Reviewers indepen-

dently selected the eligible articles, assessed the method-

ological quality, and extracted data. Disagreements were

resolved by consensus. Weighted proportions of vitamin D

inadequacy [serum 25(OH)D \32 ng/mL] were calculated

(DerSimonian–Laird random-effects model) and compared

using Chi-squared (v2) test. Subgroup analyses were con-

ducted and risk ratios (RRs) with 95 % confidence intervals

(CIs) were reported.

Results Twenty-three studies with 2,313 athletes [mean

(standard deviation) age 22.5 (5.0) years, 76 % male] were

included. Of 2,313 athletes, 56 % (44–67 %) had vitamin D

inadequacy that significantly varied by geographical location

(p \ 0.001). It was significantly higher in the UK and in the

Middle East. The risk significantly increased for winter and

spring seasons (RR 1.85; 95 % CI 1.27–2.70), indoor sport

activities (RR 1.19; 95 % CI 1.09–1.30), and mixed sport

activities (RR 2.54; 95 % CI 1.03–6.26). The risk was slightly

higher for[40�N latitude [RR 1.14 (95 % CI 0.91–1.44)] but it

increased significantly [RR 1.85 (1.35–2.53)] after excluding

the Middle East as an outlier. Seven studies with 359 athletes

reported injuries. The prevalence of injuries in athletes was

43 % (95 % CI 20–68) [bone related = 19 % (95 % CI 7–36);

muscle and soft-tissue = 37.5 % (95 % CI 11.5–68.5)].

Conclusion Despite the limitations of the current evi-

dence, the prevalence of vitamin D inadequacy in athletes

is prominent. The risk significantly increases in higher

latitudes, in winter and early spring seasons, and for indoor

sport activities. Regular investigation of vitamin D status

using reliable assays and supplementation is essential to

ensure healthy athletes. The prevalence of injuries in ath-

letes is notable but its association with vitamin D status is

unclear. A well-designed longitudinal study is needed to

answer this possible association.

Key Points

Prevalence of vitamin D inadequacy in athletes is

substantial.

Prevalence of vitamin D inadequacy is significantly

higher during the winter and early spring seasons, for

indoor sport activities, and in higher latitudes.
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1 Introduction

Vitamin D is essential for the maintenance and promotion

of musculoskeletal health. Musculoskeletal injury preven-

tion and recovery are possibly affected by sufficient cir-

culating of 25-hydroxyvitamin D [25(OH)D] [1, 2].

Measuring serum 25(OH)D is the clinical standard to

assess vitamin D status as it reflects vitamin D intake from

both ultraviolet (UV) B radiation exposure and diet [3].

1,25-dihydroxyvitamin D3 (1,25(OH)2D3) is the active

form of vitamin D that stimulates intestinal absorption of

calcium and phosphate for new bone formation [4]. There

is currently no consensus on the 25(OH)D cut-off values

for vitamin D deficiency or insufficiency [5]. However, the

optimal range of serum 25(OH)D usually reflects when

parathyroid hormone (PTH) levels are decreasing and

calcium absorption is maximized [6]. Vitamin D deficiency

is becoming a global problem in young, active, and healthy

populations including athletes, and this may put them at

increased risk of injury and prolonged recovery [7–11].

Several published reviews have discussed the associa-

tion of vitamin D status with musculoskeletal health in

athletes [1, 2, 12]. These articles have discussed the extent

of vitamin D deficiency and insufficiency and its impact on

increased risk of injury, poor health, and prolonged

recovery in athletes. One meta-analysis examined the

relationship of vitamin D values to bone strength and

injuries in healthy adults and included four studies of

athlete and military populations [13]. There is currently no

published systematic review and meta-analysis that pro-

vides a comprehensive review of the literature and quan-

tifies the prevalence of vitamin D inadequacy in athletes.

This systematic review and meta-analysis aimed to pri-

marily determine the prevalence of vitamin D inadequacy

in athletes and secondarily to explore its association with

injuries.

2 Methods

2.1 Design

This is a systematic review and meta-analysis based on a

predefined protocol.

2.2 Study Eligibility

We considered studies eligible for inclusion if they

examined vitamin D status in athletes. Our study popula-

tion included both male and female athletes aged

10–40 years old. We included abstracts from conference

proceedings if the eligibility was determined and enough

data were provided. We only included studies published in

the English language. We disregarded studies that studied

military personnel because their demographics, environ-

ment, and nature of practice is likely different from ath-

letes. We also excluded case reports, review articles, and

basic science and non-human studies.

2.3 Search Strategy

We searched the following databases with the guidance of

a professional librarian from their inception until the end

of December 2013: MEDLINE (Ovid and PubMed),

SPORTDiscus, and CINAHL. Our search used Boolean

operators and the following MeSH (Medical Subject

Headings) and key terms: ‘‘vitamin D’’, ‘‘25-hydroxyvita-

min D’’, ‘‘vitamin D deficiency’’, ‘‘vitamin D insuffi-

ciency’’, ‘‘vitamin D inadequacy’’, ‘‘vitamin D status’’,

‘‘athletes’’, and ‘‘sports’’. We limited our search to human

research and the English language. We merged the articles

from different searches and removed the duplicate articles.

We searched the references of relevant reviews to identify

additional eligible articles. We performed a final search to

identify the latest publications on 15 January 2014.

2.4 Study Selection and Quality Assessment

We applied an independent duplicate assessment process

for the study selection and quality assessment to minimize

bias. Multiple reviewers (RT, DD, and RH) independently

applied the eligibility criteria to the titles and abstracts, and

then to the full-text of the articles (DD and RT) that passed

the title and abstract review. The level of agreement

between the reviewers was measured using Kappa statistic.

The discrepancies and disagreements were resolved with

the help of a third reviewer (Nadia Latifi) and consensus

was reached between all reviewers. Two reviewers inde-

pendently assessed the methodological quality of the

observational studies and randomized controlled trials

(RCTs) using the MINORs (Methodological Index for

Non-Randomized Studies) scale [14] and the Jadad scale

[15], respectively. The MINORs scale yields a maximum

score of 16 for non-comparative cohort studies and a

maximum of 24 for comparative cohort studies. The Jadad

scale yields a maximum score of 5 for RCTs.

2.5 Data Abstraction

To minimize errors in data entry, two reviewers indepen-

dently extracted data using a data collection form devel-

oped a priori. The reviewers collected the following

information from the text, figures, and tables: study design,

study location, latitude (as an indicator of sunlight expo-

sure), demographics, season or time of serum 25(OH)D
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measurements, mean and standard deviation (SD) of serum

25(OH)D with the unit of measurement, and cut-off values

for vitamin D deficiency, insufficiency and sufficiency. The

reviewers also extracted data on bone or non-bone injuries

whenever reported. For RCTs that assessed the effect of

vitamin D supplementation, we only extracted data on

demographics and baseline mean serum 25(OH)D values.

The approximate latitude for the geographical location was

retrieved online (http://www.worldatlas.com) if not repor-

ted in the article. We contacted the first authors if more

information was needed.

2.6 Definition of Vitamin D Inadequacy

The units of serum 25(OH)D measures were reported in

either nmol/L or ng/mL. Some studies did not report the

mean or median for serum 25(OH)D but all studies cate-

gorized the vitamin D status as sufficient, insufficient,

and deficient. We converted and reported the 25(OH)D cut-

off values in both units for consistency (1 ng/mL =

2.496 nmol/L) [16]. We used the cut-off values of vitamin

D deficiency and insufficiency as defined in the articles.

We combined the definitions of deficiency and insuffi-

ciency and called it ‘vitamin D inadequacy’ for consistency

since the articles often used more varied cut-off values for

deficiency but were more consistent in the cut-off values

for insufficiency. The cut-off values used to define vitamin

D insufficiency varied from B20 ng/mL (50 nmol/L) to

\32 ng/mL (80 nmol/L). Therefore, for the purpose of this

meta-analysis, vitamin D inadequacy is defined as serum

25(OH)D B32 ng/mL (\80 nmol/L).

2.7 Statistical Analysis

We calculated Kappa statistics to measure the level of

agreement between the two reviewers for the study selec-

tion process. We reported the mean and SD of the meth-

odological quality score for 23 articles. We used intra-class

correlation coefficient (ICC) two-way mixed-effects ana-

lysis to calculate the level of agreement between the

reviewers for quality assessment. We tested between-study

heterogeneity using the Cochran’s Chi-squared (v2) Q test

with a p value set at 0.1 for significance. The I2 value

representing the percentage of total variation across studies

was reported as a measure of between-study heterogeneity.

We planned a priori to use a random-effects model (Der-

Simonian–Laird) to calculate the weighted proportions of

vitamin D inadequacy and injuries due to the inherent

heterogeneity applied to the observational studies. The Chi-

squared (v2) test was used to compare the between-group

weighted proportions. The weighted proportions of vitamin

D inadequacy were compared by season and latitude and

the risk ratios (RRs) were calculated using an inverse

variance random-effects model. We preferred reporting

RRs as opposed to odds ratios since odds ratios tend to

exaggerate the effect size in the presence of a common

event [17]. We used the median latitude of the included

studies as the cut-off point for stratification. Sensitivity

analysis was conducted by excluding the Middle Eastern

studies as an outlier (as indicated in the literature) [18, 19].

We reported weighted proportions and RRs with their

corresponding 95 % confidence intervals (CIs). Weighted

mean age with SD and the weighted proportion of male

athletes were calculated. SD was calculated by dividing the

range by six assuming normal distribution when SD was

not reported. We considered a p value of 0.05 for statistical

significance. StatsDirect 2.7 (StatsDirect Ltd, Altrincham,

UK) and Review Manager 5.0 (Cochrane Collaboration,

Oxford, UK) were used for the data analyses.

3 Results

3.1 Literature Search

The flow chart highlights the search and review process

(Fig. 1). The initial search yielded 1,478 articles. After

excluding 232 duplicates, we reviewed 1,246 titles and

abstracts for eligibility and excluded 1,194 articles that did

not meet the eligibility criteria. Of the 52 articles that

passed the title and abstract review, we excluded another

33 articles after the full-text review. We included three

additional articles through screening the reference lists of

the relevant reviews. The agreement between the two

reviewers on selecting the studies was 0.78. We found one

more article when we updated our search on 15 January

2014. Therefore, we included 23 articles [3, 20–41] with

2,313 athletes in this systematic review and meta-analysis.

3.2 Study Characteristics

The 23 included studies were published between 2008 and

2014. Seven were conducted in the UK or Ireland, three in

Spain and France, six in the USA, three in Australia, and

four in Qatar, Israel, and other Middle Eastern countries.

The characteristics of the included studies are shown in

Tables 1, 2, and 3. Of the 23 studies, four were RCTs, 18

were observational studies (cross-sectional or cohort stud-

ies), and one was a cross-sectional study with a nested RCT

(Table 1). Sport activities were reported as indoor, outdoor,

or a mixture of both. Serum 25(OH)D was measured using

different units and at different seasons. To measure serum

25(OH)D levels, ten studies used chemiluminescent

immunoassays (CLIA), three studies used radioimmuno-

assays (RIA), four studies used high-performance liquid

chromatography (HPLC) tandem mass spectrometry, and
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one study used ELISA (Table 1). Five studies did not

report the method of 25(OH)D assessment. Seven studies

used the cut-off point of 20 ng/mL (50 nmol/L), ten used

the cut-off point of 30 ng/mL (75 nmol/L), and six used the

cut-off point of 32 ng/mL (80 nmol/L) to define vitamin D

inadequacy. Two studies reported receiving Vitamin D

External Quality Assessment Scheme (DEQAS) certifica-

tion [25, 30] and one reported receiving the UK National

External Quality Assessment Service (NEQAS) certifica-

tion [40] for the measure of serum 25(OH)D. Study par-

ticipants’ characteristics are shown in Table 2. The

weighted mean (SD) age for the study population was 22.5

(5.0) years old and 76 % were male. The type of sport

activities varied from team to solitary sport activities. All

23 studies reported the number of athletes with vitamin D

inadequacy (vitamin D insufficiency or deficiency)

(Table 2).

The methodological quality scores of articles are

reported in Table 1. One article was an abstract from a

conference proceeding and was not scored. The mean (SD)

quality assessment scores were 11.9 (1.4) out of 16 for non-

comparative studies, 19.8 (1.4) out of 24 for comparative

studies, and 3.8 (1.30) out of five for RCTs. The ICC for

consistent scoring of the methodological quality was

88.6 % (95 % CI 75–95) between the two reviewers.

3.3 Vitamin D Inadequacy in Athletes

The prevalence of vitamin D inadequacy for 2,313 athletes

in 23 studies was 56 % (95 % CI 44–67) with large het-

erogeneity (I2 = 96.3 %; 95 % CI 95.7–96.8). The vitamin

D inadequacy in athletes significantly differed (p \ 0.001)

by geographical location: 39 % (95 % CI 17–65.0) for the

USA (Fig. 2), 34 % (95 % CI 15–57) for Australia (Fig. 3),

32 % (95 % CI 8–64) for Spain/France (Fig. 4), 70 %

(95 % CI 52.0–84) for the UK/Ireland (Fig. 5), and 84 %

(95 % CI 72–92) for the Middle East (Fig. 6).

3.3.1 Seasonal Effects and Sport Activities

The prevalence of vitamin D inadequacy was significantly

greater in winter and spring (weighted proportion: 65 %;

95 % CI 55–75) than in summer and fall/autumn (43 %;

95 % CI 15–74) with an RR of 1.85 (95 % CI 1.27–2.70,

p = 0.001) (Fig. 7). The significant increased risk of

vitamin D inadequacy in winter and spring was consistent

for athletes from the USA (RR 4.21; 95 % CI 2.52–7.04),

Australia (RR 2.37; 95 % CI 1.50–3.75), and Spain/France

(RR 2.71; 95 % CI 1.19–6.17). The increased risk in winter

and spring was not significant for British athletes (RR 1.18;

95 % CI 0.97–1.44). The decreased risk in winter and

spring for the Middle Eastern athletes was also not sig-

nificant (RR 0.88; 95 % CI 0.76–1.02). The increased risk

of vitamin D inadequacy in winter and spring was signif-

icant for indoor (RR 1.19; 95 % CI 1.09–1.30) and mixed

sport activities (RR 2.54; 95 % CI 1.03–6.26) but not for

the outdoor sport activities (RR 1.97; 95 % CI 0.83–4.69)

(Fig. 8). Heterogeneity (I2) varied from 76 to 97 % for

these analyses. Two studies [26, 39] did not indicate the

timing of the serum 25(OH)D measurement.

3.3.2 Latitude Effects and Sport Activities

The median latitude was 40�N (range: 25�S–53�N). All the

studies from Australia [24, 32, 34] and the Middle East [3,

19, 23], one study from Spain [25], and two studies from

the USA [31, 39] were conducted in regions of \40�N

latitude (Table 1). The overall risk did not significantly

increase for C40�N latitudes compared with \40�N lati-

tudes and by season (Table 3). For athletes living

in C40�N latitudes, the risk of vitamin D inadequacy sig-

nificantly increased for indoor sport activities (RR 3.50;

95 % CI 2.44–5.01) and significantly decreased for outdoor

sport activities (RR 0.76; 95 % CI 0.62–0.95).

Excluding studies from the Middle East as an outlier, the

risk of vitamin D inadequacy significantly increased for

Fig. 1 Flowchart of the search process for study selection. 25(OH)D

25-hydroxyvitamin D, 25(OH)D3 25-hydroxyvitamin D3
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Table 2 Characteristics of study participants

Study Sample size Male
(%)

Age
[mean (SD)]
(years)

Type of sport Vitamin D status

Allison et al. (7) [3] 750 100 23.4 (6.2) Soccer, handball, volleyball, basketball, sailing,
archery, shooting, bowling

Deficient: 398

Insufficient: 207

Bescos Garcia et al. (3) [20] 21 100 25 (4.3) Basketball Deficient: 12

Insufficient: 0

Close et al. (8) [22] 61 athletes,
30 controls

100 24.3 (4.8) Rugby, soccer, flat jockeys, jump jockeys Deficient: 2

Insufficient: 18

Close et al. (7) [21] 30 100 21.3 (1.3) Various sports including soccer and rugby Deficient: 6

Insufficient: 11

Constantini et al. (4) [23] 98 53 14.7 (3) Dancing, basketball, swimming, Tae Kwon Do,
judo, gymnastics, table tennis, tennis, soccer,
running, triathlon, sailing

Deficient: 6

Insufficient: 66

Ducher et al. (7) [24] 18 100 16 (2.8) Ballet Deficient: 2

Insufficient: 7

Galan et al. (6) [25] 28 100 26.7 (3.6) Soccer Inadequate: fall: 2,
winter: 18

Guillaume et al. (3) [26] 29 100 26.5 (5.3) Cycling Insufficient: 3

Halliday et al. (6) [27] 41 44 20.1 (1.9) Soccer, football, cross-country, track and field,
cheerleading, dance, wrestling, swimming,
basketball

Deficient: fall: 1,
winter: 1, spring: 1

Insufficient: fall: 4,
winter: 20, spring: 4

Hamilton et al. (4) [28] 93 100 21.3 (6.5) Football, handball, shooting, squash, cycling,
martial arts, body building

Deficient: 85

Insufficient: 8

Hamilton et al. (4) [29] 342 100 24.4 (8.3) Soccer Deficient: 190

Insufficient: 98

He et al. (7) [30] 267 69 21 (3) Running, cycling, swimming, triathlon, team games,
racquet sports

Deficient: 18

Insufficient: 68

Lewis et al. (3) [31] 45 59 19 (1.4) Swimmers and divers Deficient: 0

Insufficient: 0

Lovell (1) [32] 18 0 13.6 (1.2) Gymnastics Deficient: 1

Insufficient: 5

Magee et al. (7) [33] 84 100 25 (1.3) Gaelic games, boxers, paralympians Insufficient/
deficient: 46

Peeling et al. (4) [34] 72 60 16 (4) Gymnastics, diving, sailing, field hockey, rowing,
water polo, sprint cycling

Deficient: 3

Insufficient: 11

Pollock et al. (4) [35] 63 51 24.9 (4.2) Track and field Summer: deficient: 8;
insufficient: 7

Winter: deficient: 8;
insufficient: 6

Shanely et al. (8) [36] 50 100 16.2 (1.3) Football, basketball, baseball, track, wrestling,
lacrosse, tennis

Deficient: 13

Insufficient: 20

Shindle et al. (10) [37] 89 100 25 (2.6) Football Deficient: 27

Insufficient: 45

Storlie et al. (4) [38] 39 100 19.9 (1.8) Football, cross-country, rugby, track and field Deficient: 1

Insufficient: 10

Willis et al. (4) [39] 19 47 28.3 (8.4) Running Deficient: 2

Insufficient: 8

Wilson et al. (7) [40] 37 100 26.0 (5.0) Jump and flat jockeys Deficient: 17

Insufficient: 11

Wolman et al. (6) [41] 19 32 26 (8.9) Ballet Summer: deficient: 2;
insufficient: 14

Winter: deficient: 5;
insufficient: 14

SD standard deviation
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Table 3 Weighted proportions of vitamin D inadequacy by latitude

Category Latitude [40�N [% (95 % CI)] Latitude \40�N [% (95 % CI)] Risk ratio (95 % CI)

Including the Middle East studies

Overall 63 (49–77) 55 (35–74) 1.14 (0.91–1.44)

Season

Winter/spring 70 (56–82) 69 (45–88) 1.01 (0.84–1.22)

Summer/fall 25 (3–58) 35 (1–84) 0.71 (0.46–1.10)

Sport activities

Indoor 84 (28–97) 24 (0.2–69) 3.50 (2.44–5.01)a

Mix 63 (44–80) 70 (0.2–80) 0.90 (0.74–1.10)

Outdoor 55 (30–79) 72 (62–81) 0.76 (0.62–0.95)a

Excluding the Middle East studies

Overall 63 (49–77) 34 (13–59) 1.85 (1.35–2.53)a

Season

Winter/spring 70 (56–82) 52 (34–59) 1.34 (1.07–1.69)a

Summer/fall 25 (3–58) 18 (1–51) 1.39 (0.81–2.38)

Sport activities

Indoor 84 (28–97) 24 (0.2–69) 3.50 (2.44–5.01)a

Mix 63 (44–80) 19 (11–30) 3.32 (2.15–5.11)a

Outdoor 55 (30–79) 59 (45–72) 0.93 (0.73–1.19)

CI confidence interval
a Statistically significant

Fig. 2 Weighted proportion of vitamin D inadequacy in American athletes. CI confidence interval, KY Kentucky, LA Louisiana, NC North

Carolina, NK not known, NY New York, WA Washington, WY Wyoming
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C40�N latitudes (RR 1.85; 95 % CI 1.35–2.53) (Table 3).

The increased risk was consistent for the winter and spring

seasons (RR 1.34; 95 % CI 1.07–1.69), and for indoor (RR

3.50; 95 % CI 2.44–5.01) and mixed sport activities (RR

3.32; 95 % CI 2.15–5.11). For the summer and fall seasons,

the increased risk (RR 1.39; 95 % CI 0.81–2.38) was not

significant by latitude. For outdoor sport activities, the

decreased risk of vitamin D inadequacy for C40�N lati-

tudes was no longer significant (RR 0.93; 95 % CI

0.73–1.19).

3.4 Injuries in Athletes

Of the 23 included studies, seven including a total of 359

athletes reported data on injuries (Table 4). The weighted

proportion of all injuries was 43 % (95 % CI 20–68). The

weighted proportion for bone-related injuries was 19 %

(95 % CI 7–36); it was 5.7 % (95 % CI 0.1–14.4) for

fractures, 1 % (95 % CI 0.1–24) for stress fractures, and

10.7 % (95 % CI 1.0–30) for stress reactions. The weigh-

ted proportion of muscle and soft-tissue injuries was

37.5 % (95 % CI 11.5–68.5). The details of reported

injuries are shown in Table 5. A retrospective Australian

study [32] reported 12 stress reactions and one stress

fracture in 18 female gymnasts during a 12-month period.

Studies from Australia [24, 32, 34] examined injuries in

gymnasts and ballet dancers during the summer and spring

seasons. The proportion of muscle and soft-tissue injuries

were 36 and 100 %, and the proportion of bone-related

injuries were 19 and 44 %, respectively. A UK study by

Wolman et al. [41] reported significantly more muscle and

soft-tissue injuries in ballet dancers in winter (24 injuries in

19 athletes) than in summer (13 injuries in 19 athletes)

seasons. Ducher et al. [24] studied 18 dancers and reported

Fig. 3 Weighted proportion of

vitamin D inadequacy in

Australian athletes. CI

confidence interval

Fig. 4 Weighted proportion of

vitamin D inadequacy in

Spanish and French athletes. CI

confidence interval, NK not

known
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Fig. 5 Weighted proportion of

vitamin D inadequacy in British

and Irish athletes. CI confidence

interval

Fig. 6 Weighted proportion of

vitamin D inadequacy in Middle

Eastern athletes. CI confidence

interval

Fig. 7 Vitamin D inadequacy by geographical location. CI confidence interval, df degrees of freedom, IV inverse variance
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a mean of 1.9 injuries (range 0–5) by dancer and found no

difference in the number of injuries between dancers with

inadequate vitamin D (2.1 ± 0.6 injuries) and those with a

normal vitamin D level (1.4 ± 0.6 injuries). Peeling et al.

[34] found no significant differences in vitamin D values

between injured and uninjured elite athletes. Shindle et al.

[37] found a significant difference in serum 25(OH)D

values between American professional football players

with and without muscle injuries (mean 19.9, range

8–33 ng/mL vs. mean 24.7, range 9–46 ng/mL; p = 0.04).

One cross-sectional study on Middle Eastern male athletes

[28] showed 100 % vitamin D inadequacy and reported a

history of 14 traumatic fractures.

4 Discussion

The prevalence of vitamin D deficiency and insufficiency is

a global problem [1, 42] in both high [8, 43, 44] and low

latitudes [19, 45–48]. Recent reviews have emphasized the

active role of vitamin D in musculoskeletal health, immune

function, protein synthesis, inflammatory response, and cell

growth [1, 2, 31, 49]. These reviews highlighted the effects

of vitamin D deficiency on musculoskeletal health on the

adolescent population, and on athletic performance and

related injuries. A Canadian survey of 5,306 adults and

children living at latitudes between 43 and 52�N found that

one-quarter of the participants did not meet the Recom-

mended Dietary Allowance for vitamin D [8]. Similar

findings in children and youth are reported from North

America [7, 50, 51], Switzerland [43], Finland [52], Mid-

land China [44] (31–40�N), Korea [47] (35–39�N), Israel

[53], and Qatar [18, 19]. Redzic et al. [13] conducted a

systematic review and examined the relationships between

vitamin D status and muscle strength and injury incidence

Fig. 8 Vitamin D inadequacy by season and sport activities. CI confidence interval, df degrees of freedom, IV inverse variance

Table 4 Weighted proportion of injuries in athletes

Injuries Injuries (95 % CIs)

Bone-related 19.0 (7.0–36.0)a

Fractures 5.7 (0.1–14.4)

Stress fractures 1.0 (0.1–24.0)

Stress reactions 10.7 (1–30)

Muscle/soft-tissue and othersb 37.5 (11.5–68.5)

CI confidence interval
a One study did not report the specific types of bone-related injuries
b Included cartilage injury, dislocation, ankle sprain, back pain,

tendon tear/injury
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in healthy adults. They included two athlete and two mil-

itary populations in association with injuries, but only two

of the four studies provided sufficient data to calculate

effect size. Badawi et al. [18] conducted a systematic

review on the prevalence of vitamin D insufficiency in

Qatar athletes only. Therefore, there is no published sys-

tematic review and meta-analysis to quantify the preva-

lence of vitamin D inadequacy in all athletes.

The findings from this meta-analysis showed a preva-

lence of 56 % (95 % CI 44–67) of vitamin D inadequacy in

athletes. The prevalence of vitamin D inadequacy was high

for the UK/Ireland (70 %; 95 % CI 52.0–84) (50–53�N)

and the Middle East (84 %; 95 % CI 72–92) (25–38�N). It

was 39 % (95 % CI 17–65.0) for the USA (30–47�N),

34 % (95 % CI 15–57) for Australia (25–35�S), and 32 %

(95 % CI 8–64) for Spain (37–41�N) and France (46�N).

The risk of increased vitamin D inadequacy was signifi-

cantly higher during the winter and spring seasons than the

summer and fall seasons for all geographical locations and

for all sport activities, except for Middle Eastern athletes

(Figs. 2, 3). The higher prevalence of vitamin D inade-

quacy (84 %) among Middle Eastern athletes for all sea-

sons and sport activities compared with athletes from other

lower-latitude countries such as Australia and Spain is not

surprising. In fact, Racinais et al. [19] reported that 91 %

of in Middle Eastern athletes had vitamin D deficiency

during the summer and fall seasons. Similarly, a high

prevalence of vitamin D deficiency is reported in the

general population of Qatar and other Middle Eastern

regions, particularly in young girls and women [18, 19, 45].

Numerous factors including sunlight exposure, insufficient

dietary vitamin D intake, malabsorption, UV light insula-

tion due to atmospheric dust particles, altered vitamin D

metabolism, smaller body mass, and body concealment due

to climate and ethnic beliefs have been related to vitamin D

deficiency in the Middle East [18, 28, 29, 54]. Similarly,

the high prevalence of vitamin D inadequacy in the UK and

Ireland might be due to the poor sun exposure, particularly

in winter and early spring seasons, and participation in

indoor activities [33, 35, 41]. Our findings showed a sig-

nificant decrease in vitamin D inadequacy in summer for

both indoor [41] and mixed sport activities [35]. Research

shows the use of sunscreen with a sun protection factor

(SPF) of 15 and the degree of skin pigmentation could

result in significant reduction in vitamin D absorption even

if one spends ample time in the sun [2, 10, 11, 55].

The increased risk of vitamin D inadequacy was evident

for C40�N latitude compared with \40�N latitude. When

we excluded the Middle Eastern studies as an outlier, there

was consistently higher risk of vitamin D inadequacy in

C40�N latitude regions in all seasons and for indoor and

mixed sports activities. The high prevalence of vitamin D

inadequacy in the UK and Ireland is not novel as it is

frequently highlighted by many reports from other coun-

tries located in the Northern Hemisphere, such as The

Netherlands [56], North America [7, 8, 50, 51], Switzer-

land [43], and Finland [52]. This is likely attributed to the

fact that individuals living in the Northern Hemisphere

receives less UV radiation and thus likely less vitamin D

intake than those living in the Southern Hemisphere [57].

The fact that latitude differences disappear when we

include the Middle Eastern studies, as discussed above, is

not surprising. The high prevalence of low vitamin D status

from the Middle East is frequently reported for the general

population, particularly for women [18, 19] and athletes [3,

28, 29]. Badawi et al. [18] noted that ethnic minorities from

Table 5 Details of reported injuries in seven articles

Study Vitamin D inadequacy

[% (95 % CI)]

Muscle/soft-tissue

[% (95 % CI)]

Bone-related

[% (95 % CI)]

n Injuries

Ducher et al. (7) [24] Winter: 56 (30–80) 100 (79–100) 44 (20–70) 16 Fractures (3); stress reaction (3), tendon

injury (2), cartilage (1), back pain (4);

ankle sprain (3), dislocation (1), muscle/

soft tissue (4)

Halliday et al. (6) [27] Winter: 63.5 (45–68)

Spring: 20 (7–40)

Fall: 12 (4–26)

3 (0.1–15)

0

0

18 (7–35)

0 (0–14)

0 (0–9)

33 Winter: fracture (1), stress reaction (5),

Achilles tendonitis (1)

Hamilton et al. (4) [28] Spring/summer:

100 (96–100)

15 (9–24) 93 Traumatic fractures (14),

stress fractures (0)

Lovell (1) [32] Spring: 33 (13–59) 72 (47–90) 18 Stress fracture (1), stress reactions (12)

Peeling et al. (4) [34] Summer: 19 (11–30) 36 (25–48) 19 (11–30) 72 Muscle/soft tissue (26), bone-related (14)

Shindle et al. (10) [37] Spring: 81 (71–88) 18 (11–28) – 89 Muscle (16)

Wolman et al. (6) [41] Winter: 100 (82–100)

Summer: 84 (60–96)

100 (82–100)

68 (43-87)

– 19 Winter: soft-tissue (24), Summer:

soft-tissue (13)

CI confidence interval
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Arabic countries living in northern Europe, the USA, and

Australia have a higher prevalence of poor vitamin D status

[18, 56].

The high prevalence of vitamin D inadequacy is con-

cerning for athletes of all ages since it may place them at

an increased risk for bone and muscle/soft-tissue injuries.

The prevalence of injuries from seven studies [24, 27, 28,

32, 34, 37, 41] was 43 % in athletes but we failed to

examine its association with vitamin D status due to the

lack of data. The rate of bone-related injuries was 18 %,

while the muscle and soft-tissue injuries occurred in

37.5 %. In the UK, Wolman et al. [41] studied ballet

dancers and reported a significantly higher number of

muscle and soft-tissue injuries in the winter (100 %) than

in the summer (68 %). The prevalence of injuries is likely

underestimated. In the Wolman et al. [41] study, for

example, the number of injuries exceeded the number of

participating athletes because some participants had more

than one injury. Studies from Australia [24, 32, 34]

examined gymnasts and ballet dancers in the summer and

spring and reported more injuries than the number of

athletes despite the lower prevalence of vitamin D inad-

equacy in this latitude. Ducher et al. [24] reported a mean

of 1.9 (SD 0.4) injuries per dancer. The type of injuries

and their frequencies differed by sport activities. Peeling

et al. [34] reported 14 bone-related injuries without

reporting the specific type of injury. These studies from

Australia found a higher number of injuries in dancers

with inadequate vitamin D than in those with normal

vitamin D values but the difference was not significant.

Although the current evidence failed to study the associ-

ation between athletes’ injuries and their vitamin D status,

data from military personnel supports this association.

Studies from the USA [58] and Finland [59] have shown a

strong association between stress reactions and vitamin D

deficiency in military personnel.

The impact of serum 25(OH)D on calcium metabolism

and bone health, and its association with chronic health

problems such as colonic cancer, arthritis, diabetes, car-

diovascular disease, and depression is well-recognized [13,

60]. Its importance in athletes has also been reported by

many authors [1, 2, 54]. A UK trial [21] found that vitamin

D3 supplementation of 5,000 IU/day in athletes and heal-

thy controls resulted in greater muscle performance [22].

They specifically found a significant increase in 10 m

sprint times (p = 0.008) and vertical jump (p = 0.008) in

the vitamin D group, whereas the placebo group showed no

change (p = 0.587 and p = 0.204, respectively). Another

trial from the same authors [21] randomized 30 club-level

athletes into one of three groups receiving either a placebo

or 20,000 or 40,000 IU/week oral vitamin D3 for

12 weeks. They found that both 20,000 and 40,000 IU

vitamin D3 supplementation elevated serum 25(OH)D

concentrations to above 50 nmol/L, but neither dose given

for 12 weeks improved physical performance. The con-

tradictory findings from these underpowered trials warrant

further research of vitamin D supplementation in athletes.

It is recommended that the body requires 3,000–5,000 IU

of vitamin D per day [2, 9]. It has been reported that the

increased physiological demands for vitamin D in athletes

can be due to the high level of physical activities [2, 9].

Ogan and Pritchett [2] stated that the possibility of athletes

requiring increased intake of vitamin D is due to the active

use of vitamin D in many metabolic pathways. They rec-

ommend a minimum level of 40 ng/mL serum 25(OH)D in

athletes. This might explain the negative findings from

Close et al. [21] as they did not reach 40 ng/mL level in

their experimental groups.

The current systematic review and meta-analysis has

certain limitations due to the inherent biases of the inclu-

ded studies. Thus, readers should interpret the findings with

caution. The studies were either cross-sectional studies or

longitudinal cohort studies with diverse populations, which

partly explains the large between-study heterogeneity. The

other reasons for the large heterogeneity are likely due to

geographical location, types of sport activities, timing of

the serum 25(OH)D measurement, and different cut-off

values of serum 25(OH)D for vitamin D deficiency and

insufficiency. It was not feasible to base our analysis on the

mean or median serum 25(OH)D values because some

studies did not report this. All studies, however, reported

the vitamin D status in the following categories: deficient,

insufficient, and sufficient. The studies used different cut-

off values for vitamin D deficiency and more consistent

cut-off values for vitamin D insufficiency. There were two

RCTs on vitamin D supplementation that we used as the

baseline serum 25(OH)D data for analysis. Some studies

reported the serum 25(OH)D values for a mixture of indoor

and outdoor sport activities. We combined winter with

early spring and summer with early fall due to limited

available data. Some of the estimates of vitamin D inade-

quacy were based on one or two studies, thus limiting the

generalizability. We were unable to find an association

between injuries and vitamin D status in athletes due to the

lack of adequate data. We included this information to save

future investigators the time and effort of trying to answer

this particular question from the current literature. It also

outlines the need for more rigorous and stringent criteria in

future studies. Despite these limitations, the strength of this

evidence is its robust methodology. To minimize bias,

multiple authors independently searched the literature,

applied the eligibility criteria to the titles and the abstracts

and subsequently to the full-text of the articles, assessed

the methodological quality, and collected data.
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5 Conclusion

Despite the limitations of the current evidence, the preva-

lence of vitamin D inadequacy in athletes is prominent.

The risk significantly increases in higher latitudes, in

winter and early spring seasons, and for indoor sport

activities. Regular investigation of vitamin D status using

reliable assays and supplementation is essential to ensure

that athletes are healthy. The prevalence of injuries in

athletes is notable but its association with vitamin D status

is unclear. A well-designed longitudinal study is needed to

answer this possible association.
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