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ABSTRACT
This study compared vitamin D sufficiency between indoor and outdoor elite athletes. We also evaluated
the association between vitamin D level, body composition, and stress fractures incidence. 27 outdoor elite
male collegiate athletes (field hockey players) and 21 indoor elite male collegiate athletes (fencing players)
were enrolled. Participants’ demographic information including past fractures were recorded. Furthermore,
all the athletes’ body compositions including percentage of body fat were measured. Blood samples were
collected to test serum calcium, phosphorus, and 25(OH)D. levels. Participants were classified into three
groups: vitamin D sufficiency (serum 25(OH)D levels of ≥30 ng/ml), vitamin D insufficiency (serum
25(OH)D levels of <30 ng/ml), and vitamin D deficiency (serum 25(OH)D levels of <20 ng/ml). The
indoor athletes showed significantly higher mean percentage of body fat than outdoor athletes, 12.2 ± 3.2%
and 9.7 ± 3.7%, respectively. The serum 25(OH)D levels of indoor athletes were significantly lower than
those of outdoor athletes, 15.3 ± 3.3 ng/mL and 24.9 ± 4.5 ng/ml, respectively (P < 0.001). Furthermore,
the indoor athletes showed a significantly higher rate of vitamin D deficiency than the outdoor athletes,
19 of 21 (90.5%) and 5 of 27 (18.5%), respectively (P < 0.001). The cohort of outdoor athletes with
stress fractures’ history had significantly lower serum 25(OH)D levels than those without history of any
fractures, 21.1 ± 4.3 ng/ml and 26.4 ± 3.0 ng/ml, respectively (P < 0.05). In conclusion, a majority of
the indoor elite athletes were vitamin D-deficient. The serum 25(OH)D levels were significantly higher
in outdoor elite athletes. However, lower serum 25(OH)D levels might be associated with stress fractures
among outdoor athletes.
Keywords: serum 25(OH)D, indoor athletes, outdoor athletes, stress fracture
This is an Open Access article distributed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
License. To view the details of this license, please visit (http://creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION
Vitamin D has proposed roles in bone health, the inflammatory response, immunity, neuromuscular function, and the reduction of incidence of carcinomas.1 In addition, vitamin D deficiency
has been correlated to the risk of bone stress fractures.2,3 Bone stress fracture is a common
overuse injury in elite athletes.4,5 On the other hand, it is reported that obesity is one of the
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risk factors of vitamin D deficiency.6 Furthermore, vitamin D level is inversely related to body
weight, BMI, and percentage of body fat.7,8,9 Vitamin D is believed to directly affect the skeletal
muscles through a specific vitamin D receptor.10 Therefore, the importance of adequate vitamin
D levels in athletes has become a trending topic of interest.11
The sun emits ultraviolet B radiation, converting 7-dehydrocholesterol to previtamin D3 in the
skin.12 Therefore, natural sunlight is the major source of vitamin D in humans.13 Hence, indoor
sports might be associated with vitamin D insufficiency.10,14 However, the precise difference of
vitamin D levels between indoor and outdoor elite athletes remains unclear.
The primary aim of this cross-sectional study is to compare vitamin D sufficiency between
indoor and outdoor elite athletes. The secondary aim is to evaluate the association between
vitamin D level, the incidence of stress fractures, and body composition including body fat.

MATERIALS AND METHODS
This study was approved by the Institutional Review Board and Ethics Committee of Asahi
University prior to the study (IRB number: 31023). A cross-sectional analysis was performed.
Inclusion criteria for the participants were the following: participants should be collegiate athletes
who are members of national-champion-level teams in the authors’ university and of the male
sex. However, those who are receiving any medications were excluded from this study. A total
of 48 elite male collegiate athletes between 19 and 21 years old were enrolled, including 27
outdoor athletes (field hockey players) and 21 indoor athletes (fencing players).
Participation was voluntary, and the participants were provided a thorough explanation of the
objectives, methods, and ethical considerations of this study. A written informed consent was
obtained from all the participants included in the study.
The participants’ demographic information was prospectively recorded, including age, height,
practice time with sunlight exposure, time of sleeping, and past medical history of stress fractures
and other fractures by written questionnaire. The participants were divided into the following
three groups according to past medical history of fractures: with stress fractures group, with other
fractures group, and without any fractures group. Furthermore, in February, all the athletes’ body
weight, body mass index, body fat percentage, muscle mass, and bone mass were measured using
MC-980A-N plus (Tanita Corporation, Tokyo, Japan), a body composition analyzer.
Blood samples were collected to check the levels of serum calcium, phosphorus, and 25(OH)
D at the same day as the body composition monitoring. Serum 25(OH)D levels were analyzed
using electrochemiluminescence immunoassay (ECLIA) kits by SRL, Inc. (Tokyo, Japan). Serum
calcium levels were measured through an enzymatic method using phospholipase D. Serum
inorganic phosphate levels were measured through an enzymatic method using purine nucleoside
phosphorylase.
According to the previous study, participants were divided into the following three items
according to serum vitamin D levels: vitamin D sufficiency (serum 25(OH)D levels greater than
or equal to 30 ng/ml), vitamin D insufficiency (serum 25(OH)D levels less than 30 ng/ml but
not less than 20 ng/ml), and vitamin D deficiency (serum 25(OH)D levels less than 20 ng/ml)
groups.15
The data were analyzed using the Student’s t-test, chi-squared test to identify associations. P
values of <0.05 were considered significant.
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RESULTS
No athlete was excluded, and a total of 48 elite male collegiate athletes were included in the
analysis. The demographic and clinical characteristics of the indoor and outdoor athletes were
similar, with the exception of practice time with sunlight exposure and body fat percentage (Table
1). The indoor athletes showed a significantly lower mean practice time with sunlight exposure
than the outdoor athletes, 1.3 ± 1.5 h/wk and 17.0 ± 2.0 h/wk, respectively. Furthermore, the
indoor athletes showed a significantly higher mean percentage of body fat than the outdoor
athletes, 12.2 ± 3.2% and 9.7 ± 3.7%, respectively.

Table 1

Characteristics of the participants

All athletes
(n=48)

Indoor athletes
(n=21)

Outdoor athletes
(n=27)

P Value

Age, y

19.8±0.9

20.0±1.0
(19–21)

19.7±0.8
(19–21)

NS♰

Height, cm

171.5±4.8

172±4.8
(163–181)

171±4.8
(163–186)

NS♰

Body weight, kg

62.8±7.4

64.7±5.9
(57.1–80.2)

61.3±8.2
(52.6–91.9)

NS♰

BMI, kg/m2

21.3±2.5

21.9±2.2
(19.2–29.3)

20.8±2.6
(17.0–29.7)

NS♰

Body fat percentage, %

10.8±3.7

12.2±3.2
(6.6–20.2)

9.7±3.7
(3.0–22.6)

<0.05♰

Muscle mass, kg

52.9±4.6

53.8±3.7
(48.3–62.3)

52.2±5.1
(45.9–67.4)

NS♰

Bone mass, kg

2.9±0.2

2.9±0.2
(2.7–3.4)

2.9±0.3
(2.5–3.7)

NS♰

Practice time with sunlight
exposure, h/wk

10.1±8.0

1.3±1.5
(0–2.0)

17.0±2.0
(11.0–21.0)

<0.001♰

Time of sleeping, h/dy

6.2±1.0

6.4±0.8
(5–8)

6.1±1.2
(3–9)

NS♰

Past history of stress fracture

6/48

3/21
(14.3%)

3/27
(11.1%)

NS*

Past history of other fracture

21/48

7/21
(33.3%)

14/27
(51.9%)

NS*

No history of fracture

21/48

11/21
(52.4%)

10/27
(37.0%)

NS*

The values are given as means±standard deviation.
♰
Stundent’s t-test.
* Chi-squared test.
NS: not significant
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The mean serum 25(OH)D level of all the athletes was 20.7 ± 6.3 ng/ml (Table 2). Overall,
of the 48 athletes, 24 (50.0%) were classified as vitamin D deficiency, 20 (41.7%) were classified
as vitamin D insufficiency, 4 (8.3%) were classified as vitamin D sufficiency. The serum 25(OH)
D levels of the indoor athletes were significantly lower than those of the outdoor athletes, 15.3
± 3.3 ng/ml and 24.9 ± 4.5 ng/ml, respectively (P < 0.001). Furthermore, the indoor athletes
showed a significantly higher rate of vitamin D deficiency than the outdoor athletes, 19 of 21
(90.5%) and 5 of 27 (18.5%), respectively (P < 0.001). The serum calcium levels of the indoor
athletes were significantly lower than those of the outdoor athletes, 9.67 ± 0.28 ng/ml and 9.86
± 0.35 ng/ml, respectively (P < 0.05).
Table 2

Laboratory results of the indoor and outdoor athletes

All athletes
(n=48)

Indoor athletes
(n=21)

Outdoor athletes
(n=27)

P Value

20.7±6.3

15.3±3.3
(8.8–20.8)

24.9±4.5
(16.9–33.1)

<0.001♰

4/48

0/21 (0%)

4/27
(14.8%)

NS*

20/48

2/21
(9.5%)

18/27
(66.7%)

<0.001*

24/48

19/21
(90.5%)

5/27
(18.5%)

<0.001*

S-Calcium, mg/dL

9.78±0.35

9.67±0.28

9.86±0.35

<0.05♰

S-Phosphorus, mg/dL

3.47±0.50

3.54±0.46

3.41±0.52

NS♰

S-25(OH) D, ng/mL
equal to or above 30 ng/mL
 less than 30 ng/ml
but not less than 20 ng/ml
less than 20 ng/mL

The values are given as means±standard deviation.
♰
Stundent’s t-test.
* Chi-squared test.
NS: not significant

In terms of past medical history of fractures, of the 48 participants, 6 (12.5%) had history of
stress fractures, 5 had foot or ankle stress fractures, and 1 had a stress fracture of patella. All
stress fractures occurred after they had begun participation in field hockey or fencing. Twenty-one
(43.8%) had a history of traumatic fractures other than stress fractures. There were no significant
differences in past medical history of stress fractures (3 of 21 (14.3%) and 3 of 27 (11.8%),
respectively) and other fractures (7 of 21 (33.3%) and 14 of 27 (51.9%), respectively) between
the indoor athletes and outdoor athletes. The mean vitamin D level of the indoor athletes with
history of stress fractures was 16.5±3.7 ng/ml. There was no significant difference between
this value and the mean vitamin D level of the indoor athletes with history of other fractures
(15.1±3.5 ng/ml) and those without history of any fractures (15.1±3.3 ng/ml) (Table 3). On the
other hand, the cohort of outdoor athletes with history of stress fractures had significantly lower
serum 25(OH)D levels than those without history of any fractures, 21.1±4.3 ng/ml and 26.4±3.0
ng/ml, respectively (P < 0.05) (Table 4) (Figure 1).
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Table 3

Comparison among the indoor athletes with past stress fractures and without any past fractures

Height, cm

With stress fractures
(n=3)

Without any fractures
(n=11)

P Value♰

171.7±3.2

172.1±5.2

NS

Body weight, kg

64.9±2.1

64.2±2.7

NS

BMI, kg/m2

22.1±3.7

21.7±1.1

NS

Body fat percentage, %

13.1±2.7

11.7±2.2

NS

Muscle mass, kg

53.5±2.9

53.8±2.9

NS

Bone mass, kg

2.9±0.2

2.9±0.2

NS

sunlight exposure, h/wk

1.3±1.2

0.9±1.0

NS

Time of sleeping, h/dy

6.8±1.3

6.3±0.7

NS

S-25(OH) D, ng/mL

16.5±3.7

15.1±3.3

NS

Practice time with

The values are given as means±standard deviation.
Stundent’s t-test.
NS: not significant
♰

Table 4

Comparison among the outdoor athletes with past stress fractures and without any past fractures

Height, cm

With stress fractures
(n=3)

Without any fractures
(n=10)

P Value

174.3±10.2

171.5±3.9

NS

Body weight, kg

62.7±5.2

60.7±11.9

NS

BMI, kg/m2

20.6±1.7

20.6±3.6

NS

Body fat percentage, %

11.2±1.8

10.8±4.9

NS

Muscle mass, kg

52.7±4.4

50.9±6.4

NS

Bone mass, kg

2.9±0.3

2.8±0.3

NS

Practice time with sunlight
exposure, h/wk

17.3±1.15

16.9±1.9

NS

Time of sleeping, h/dy

5.3±2.1

6.7±1.2

NS

S-25(OH) D, ng/mL

21.1±4.3

26.4±3.0

<0.05

The values are given as means±standard deviation.
Stundent’s t-test.
NS: not significant
♰
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Fig. 1 Comparison among the outdoor athletes with past stress fractures and without any past fractures
Stundent’s t-test. * p < 0.05

DISCUSSION
The present study showed that the serum 25(OH)D levels of the indoor elite athletes were
significantly lower than those of the outdoor elite athletes. There exists an extremely high
prevalence of vitamin D deficiency in the indoor elite athletes (90.5%). Inadequate exposure to
sunlight seems to be the major risk factor of this difference.16 Maruyama-Nagao et al reported
that indoor sports athletes are more susceptible to vitamin D insufficiency compared with outdoor
sports athletes, especially in winter.17 The results of this study might be influenced by the season
of winter.
Vitamin D has a significant impact on bone health, immune function, and physical performance.
When there is deficiency, athletes may be at an increased risk of stress fractures, respiratory
infections, and muscle injuries.18 Therefore, vitamin D levels are very important for athletes.
In the present study, there was no vitamin-D-sufficient indoor elite athlete. Sunlight exposure
can increase vitamin D levels, and a significant amount of active vitamin D circulating in the
body is a result of sunlight exposure.18 Therefore, we should promote outdoor training to some
extent for indoor athletes.
On the other hand, the outdoor athletes have a low prevalence (18.5%) of vitamin D deficiency
in the present study. However, even among the outdoor athletes, the prevalence of vitamin D
insufficiency is high, at 66.7%. Hamilton et al reported that 91% of 93 athletes showed vitamin D
deficiency or insufficiency.19 Lovell reported vitamin D insufficiency in 33% of female Australian
gymnasts.20 These results showed that athletes might be prone to vitamin D deficiency.
Vitamin D deficiency increased the risk of fractures including stress fractures in Finnish
military recruits.3 In the present study, the cohort of outdoor elite athletes with history of
stress fractures had significantly lower serum 25(OH)D levels than those without history of any
fractures. Therefore, the present study implies that vitamin D level is very important in reducing
the incidence of fractures even in outdoor elite athletes. Female Navy recruits receiving vitamin
D supplementation had a 20% lower incidence of stress fractures than the recruits receiving the
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placebo.2 Furthermore, low-fat dairy products and the major nutrients in milk (calcium, vitamin
D, and protein) were associated with lower stress fracture rates in young female runners.21 Even
in outdoor elite athletes, we should check their serum 25(OH)D levels and give them dietary
advice to reduce the incidence of fractures.
Another finding of the present study was the significant difference of body fat percentage
between the indoor and outdoor athletes. Arunabh et al reported that the percentage of body
fat is inversely related to the serum 25(OH)D level.22 Worstman et al explained that vitamin D
insufficiency associated with obesity is due to decreased bioavailability of vitamin D from the
cutaneous and dietary sources because of its deposition in body fat compartments.23 However,
Salepour et al showed that increasing vitamin D levels by supplementation led to body fat mass
reduction in a randomized controlled trial.24 Therefore, the association between body fat and
serum 25(OH)D level remains unclear. However, the significant difference of body fat percentage between the indoor and outdoor athletes in this study might come from the difference in
vitamin D levels between them, although we cannot deny the possibility that it might arise from
differences in sports types.
This study had several limitations. The first is the inherent uncertainty regarding testing of
vitamin D levels and the definition of sufficient levels of vitamin D. The second is the lack of
investigation of seasonal changes. The histories of fractures were self-reported, which may have
introduced error.
Finally, a larger sample size would improve the power of the study. Therefore, further
investigation is required.
In conclusion, none of the indoor elite athletes had sufficient vitamin D levels, and 91.5%
were vitamin D deficient. Serum 25(OH)D levels were significantly higher in the outdoor elite
athletes, but only 14.8% of them had sufficient vitamin D levels. The outdoor elite athletes
with history of stress fractures had significantly lower serum 25(OH)D levels than those without
history of any fractures. Body fat percentages of indoor athletes are significantly higher than
those of outdoor athletes.
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