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Abstract

Objective: Nowadays, people tend to spend more time in the closed areas and benefit less from sunlight. In this study,
we examined the results of vitamin D measurements of athletes from different disciplines in different months and aimed to
determine if the synthesis of vitamin D decreases or not according to exercise environment and month.

Methods: The study was conducted in participants aged 5-52years. A total of 555 elite-level sportsmen who were admitted
to our Sports Medicine Clinic in the study participated in this study. Indoor and outdoor environmental and seasonal effects
on the measurements in different months were statistically evaluated. Independent-samples test and definitive statistics were
used for statistical analyses and a p-value less than 0.05 has been considered significant.

Results: The study group consisted of 229 male and 326 female athletes. The serum 25-hydroxyvitamin D concentration
was observed; 120 (21.6%) athletes have severe serum vitamin D deficiency (<I1-20ng/mL). Vitamin D levels were not
significantly different from outdoor athletes (393; 70.8%). Winter measurements of vitamin D levels were significantly lower
than those measured in autumn (p=0.000).

Conclusion: Increasing vitamin D levels are very important especially in participating athletes and additional supplements
are recommended whenever necessary. Gender and indoor/outdoor sports participation showed no statistically significant
outcomes on vitamin D levels. However, winter season had a negative effect on vitamin D levels. Therefore, adequate
precautions should be taken to increase vitamin D, especially during winter, to maintain the best performance of the athletes.

Keywords
Athletes, seasonal change, vitamin D, indoor, outdoor

Date received: 4 June 2018; accepted: 21 February 2019

Introduction dietary habits, daily routine, time spent outdoor, obesity, use
of a sun protection cream), and unchangeable personal fac-
tors (race, pigmentation, skin thickness, and age).?

Even though there is a discrepancy regarding the ideal
level of vitamin D, many studies showed that a worldwide
vitamin D deficit occurs, especially in winter.*-°

Understanding the utility of vitamin D in extraosseous pro-
cesses such as the immune system, cell proliferation, differ-
entiation, and hormone regulation has resulted in an increased
attention to this hormone. In this way, its effects on various
systems are being highlighted in an increased manner.!

In normal conditions, 90%—95% of vitamin D in human
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Muscle and fat tissues of athletes store 40ng/mL of vita-
min D. The 25(OH)D target of 40 ng/mL is recommended for
athletes because at this level vitamin D begins to be stored in
the muscle and fat for future use. Furthermore, at levels
below 32ng/mL, vitamin D is not likely to be readily avail-
able for the advanced processes involved in the autocrine
pathways, which is the pathway that is most likely to influ-
ence performance. This amount can be utilized whenever
necessary. The performance of the muscles is impaired if the
level of vitamin D falls below 32ng/mL.7# The first symp-
toms of vitamin D deficiency are muscle weakness, hypoto-
nia, and prolonged muscle contraction accompanied by
prolonged muscle relaxation,’ which may affect any athlete.
Severe vitamin D deficiency, particularly with 25(OH)D lev-
els less than 12ng/mL, leads to osteomalacic myopathy char-
acterized by severe muscle weakness and pain.!°

An increase in vitamin D level may result in several ben-
efits in the muscular and skeletal systems of athletes. Their
protein synthesis and adenosine triphosphate (ATP) con-
centration in the muscle tissue increase, and as a result their
muscle strength, jumping height, jumping power, exercise
capacity, and physical performance increase. However,
conversely, the tendency to stress fractures decreases.!! The
results of a meta-analysis of 23 studies including 2313 ath-
letes from all around the world showed that 56% of the
athletes had inadequate vitamin D levels. Vitamin D inad-
equacy risk in athletes significantly increases in higher lati-
tudes, in winter and early spring seasons, and for indoor
sport activities.!?

Methods

Approval of the Research Ethics Committee and Hospital
Training Planning Board was obtained prior to the study.
Medical records of the athletes who had applied to our
institution for routine medical checks from 2014 to 2015
were retrospectively evaluated. For the study, 555 athletes
(229 males and 326 females; mean age: 15.9 (range: 5-52)
years) from 44 different disciplines who were admitted to
the Sports Medicine Clinic of our hospital for license
renewal from September 2014 to February 2015 have been
recruited. Past vitamin D measurements were acquired ret-
rospectively from the medical database archive of the hos-
pital. Exclusion criteria were malignancy, inflammatory
joint disease, diabetes mellitus, neuromuscular disease,
generalized cardiovascular disorder, thyroid/parathyroid
dysfunction, and the use of antiepileptic, steroid, anticoag-
ulant, and antiandrogenic drugs. Non-fasted venous blood
samples were collected in the morning. The participants
were asked to refrain from exercise for at least 24 h before
blood collection.

We assessed the predominantly performed sport based on
indoor and outdoor types (e.g. ballet, dance, defense sports,
gymnastics, basketball, volleyball for indoor and football
and athletics for outdoor sports).

The deficiency and insufficiency classification criteria
from the “Diagnosis and Treatment Guideline for Metabolic
Bone Disorders” published by The Society of Endocrinology
and Metabolism of Turkey were used. According to this
guideline, patients were classified under severe vitamin D
deficiency (serum 25(OH)D < 10ng/mL), vitamin D defi-
ciency (serum 25(OH)D < 11-20ng/mL), vitamin D insuffi-
ciency (serum 25(OH)D <21-30ng/mL), and sufficiency of
vitamin D (serum 25(OH)D>30ng/mL) groups. 25-OH-
VD levels were measured using a Zivak Tandem Gold (Zivak
Technologies, Istanbul, Turkey) LC-MS/MS analysis device
by liquid chromatography and mass spectrometry.!3

Data analysis was performed using SPSS for Windows
v.14 software. Significance of the difference between the
mean values of the groups was evaluated using sample
t-test. The p-values less than 0.05 were considered
significant.

Results

Vitamin D values according to the age groups were
21.4 = 14.3ng/mL for ages between 5 and 17, 15.1 = 9.6ng/
mL for ages between 18 and 30, and 19.5 = 11.4ng/mL for
ages above 30. The difference between the 5-17 age group
and the 18-30 age group and the difference between the
18-30 age group and the above-30 age group were statisti-
cally significant (p=0.000 and 0.026, respectively), whereas
there was no difference between the 5—17 age group and the
above-30 age group. Mean vitamin D values in the outdoor
athletes were 23.7 and 17.2 ng/mL for the fall and winter sea-
sons, respectively. Vitamin D values of the indoor athletes
during fall and winter were measured as 29.1 and 16.7ng/mL,
respectively. There was no significant effect of the sports
environment on mean vitamin D values (Table 1).

Of the subjects, 229 (41.3%) were male and 326 (58.7%)
were female. There was no difference in vitamin D levels
between the two gender groups (p=0.437). Of the athletes,
120 (21.6%) demonstrated severe deficiency (serum 25(OH)
D<11-20ng/mL), 237 (42.7%) had deficiency (serum
25(0H)D <11-20ng/mL), and 108 (19.5%) had insuffi-
ciency (serum 25(OH)D <21-30ng/mL). Only 90 athletes
(16.2%) had adequate levels of vitamin D. A total of 393
athletes (70.8%) performed indoor sports and 162 did out-
door sports. There was no difference between these two
groups (p=0.054) in terms of vitamin D levels. The mean
vitamin D level in the winter (16.92 ng/mL) showed a statis-
tically significant decrease when compared to the fall value
(28.13ng/mL; p=0.000; Table 2).

Discussion

Our results show that vitamin D insufficiency is prevalent in
Turkish athletes, with 19.5% of the athletes presenting a
vitamin D insufficiency (serum 25(OH)D <21-30ng/mL)
and 42.7% with vitamin D deficiency (serum 25(OH)



Aydin et al. 3
Table I. Vitamin D values in different age groups and vitamin D values of indoor and outdoor athletes for autumn and winter-.
Age group N Vitamin D (ng/mL), p-value
mean * SD
5-17 409 21.4+14.3 0.000%*
18-30 110 15.1 £9.6 0.440%*
30+ 36 195114 0.026%**
Feature
Autumn Outdoor athletes 29 23.7 = 15.7 0.132
months Indoor athletes 126 29.1 =178
Winter Qutdoor athletes 133 172+9.6 0.643
months Indoor athletes 267 16.7+10.3
SD: standard deviation.
*Comparison between the 5—-17 and 18-30 age groups.
**Comparison between the 5-17 and 30+ age groups.
*#*Comparison between the 18-30 and 30+ age groups.
Table 2. Mean vitamin D levels in the groups.
Classification of vitamin D level N Percentage
Severe deficiency (<10) 120 21.6
Deficiency (<11-20) 237 42.7
Insufficiency (<21-30) 108 19.5
Sufficiency (>30) 90 16.2
Feature n Vitamin D (ng/mL), mean = SD p-value
Female 229 19.35+ 14.83 0.437
Male 326 20.54 + 12.61
Feature n Vitamin D (ng/mL), mean £ SD p-value
Outdoor athletes 162 1840+ I 1.15 0.054
Indoor athletes 393 20.73 = 14.41
Feature n Vitamin D (ng/mL), mean = SD p-value
Autumn months 155 28.13+17.53 0.000%*
Winter months 400 1692+ 10.10

SD: standard deviation.

D <11-20ng/mL). In addition, the 25-OH-VD concentra-
tions at the lowest point in winter were 7 and 5ng/mL in
athletes who did indoor and outdoor sports, respectively.
Latitude of the countries plays a major role in the seasonal
change of the vitamin D values. Between November and
February, countries located on and beyond the 37th parallel
north receive sunlight by a much more oblique angle and
most of the rays are absorbed by the ozone layer of the
atmosphere, which leads to the lack of vitamin D synthesis
during this period. Due to receiving less UVB during win-
ter, people living in the northern countries, located beyond
the 37th parallel, tend to have vitamin D deficiency.!*!3
Therefore, some countries such as Norway, Denmark,
Belgium, and Portugal have regulations regarding vitamin
D supplementation with margarine. Some Southern
European countries like Greece, Italy, and Spain do not have
such regulations and vitamin D deficiency is nearly 90% in

these countries during winter.!® Otherwise, vitamin D defi-
ciency can be seen in countries even if their location permits
endogenous synthesis throughout all the year. A study con-
ducted on 20 runners between the ages of 19 and 45 living
at 30°N found that 40% of the subjects had insufficient vita-
min D (25(OH)D < 32 ng/mL); however, no correlation was
detected between the vitamin D level and the season, gender,
weekly training schedule, or vitamin D supplementation.!’
In our country, there are no policies regarding supplementa-
tion and fortification of foods with vitamin D. Children’s
only support of vitamin D sunlight in summer which cannot
in during winter time.

Differences in vitamin D levels were also found when
comparing the indoor and outdoor sports. Yet, these varia-
tions were only found during fall, winter, and spring when
athletes who practice indoor sports already present low vita-
min D levels.!! Seasonal changes of vitamin D levels were
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also evaluated in the English Premier League players (n=20,
53°N parallel). Serum 25-OH-VD levels were measured at
41.6 = 8.4 (range: 27—60) ng/mL in August and at 20.4 £ 7.6
(range: 8-34) ng/mL in December. The prevalence of vita-
min D deficiency in winter months was 65% (<20ng/mL).!8
25(0OH)D3 levels decreased significantly in Italy Series A
soccer players (mean age: 28 * 4 years) during the months of
the fall and winter but showed no difference in the other
months.!? In this study, 25-OH-VD levels of indoor sports
athletes were measured at 29.1 = 17.8ng/mL in fall and
16.7 = 10.3ng/mL in winter. Turkey is located between the
36th and 42nd northern parallels. The prevalence of severe
vitamin D deficiency in our athletes was 21.6% (<10ng/
mL). Our vitamin D measurements showed deficiency
(28.1ng/mL) in fall and insufficiency (16.92 ng/mL) in win-
ter. As stated in previous studies, we also found a significant
decrease in vitamin D during winter. Despite the variable
results, geographical location (latitude) and gender do not
seem to effect vitamin D deficiency in athletes. Conversely,
indoor sports and inadequate exposure to sunlight seem to be
the major risk factors for this condition.? We also did not
find any gender-related differences. In a study conducted on
the National Collegiate Athletic Association (NCAA) play-
ers, the measurement of indoor sports performers like wres-
tlers, basketball players, and swimmers and outdoor sports
performers like football players, track and field, and athletics
(n=41) revealed that vitamin D concentrations above 40ng/
mL were measured in 75.6% of the players in fall, 15.2% in
winter, and 36% in spring.2! Comparison of the two groups
showed that outdoor athletes had higher vitamin D values;
however, they had significantly lower vitamin D concentra-
tions. Another study was conducted on 98 athletes, aged
between 10 and 30, and the concentration of 25(OH)D was
evaluated regarding age, gender, and the sports branch, and
vitamin D deficiency (25(OH)D <30ng/mL) was detected
in 73% of the study group.?2 Dancers (94%), basketball play-
ers (94%), and tackwondo players (67%) demonstrated defi-
ciency. The deficiency rate was 48% in outdoor athletes and
80% in indoor athletes. In our study, the prevalence of vita-
min D deficiency was 59% in outdoor athletes and 64% in
indoor athletes.

A cross-sectional study showed that vitamin D deficiency
or insufficiency was quite frequent among 18 female elite
gymnasts aged between 10 and 17. Dietary calcium intake
was low in 13 athletes, and in 6 subjects vitamin D levels
were below 20ng/mL (8ng/mL; 33% insufficiency). This
finding also supports the importance of vitamin D deficiency
in indoor sports performers who cannot adequately benefit
from sunlight (83% deficiency).?? In this study, 25-OH-VD
levels in 35 of the 229 female athletes (15.3%) were less than
the borderline insufficiency at 20 ng/mL (71.6% deficiency).
These results demonstrated that vitamin D deficiency mani-
fests as an intense issue even in athletes.

Outdoor athletes are presumed to have a greater advan-
tage regarding vitamin D sufficiency. Conversely, as shown
in several studies, participating in outdoor sports alone may

not be enough to provide sufficient levels of vitamin D. It is
stated that seven male cyclers, aged between 20 and 39, who
mostly perform outdoor exercises (43°N) had vitamin D lev-
els just around the lowest limit or below.2* Vitamin D levels
of 54 male horse riders aged between 13 and 16 and living at
49°N were followed up for 18 months. Their vitamin D level
measurements were 28.8 ng/mL in summer and 8ng/mL in
winter.?> Vitamin D levels of 93 surfers from Hawaii (30
women and 63 men) were evaluated and the maximal 25(OH)
D concentration by excess exposure to sunlight reached
60ng/mL.2¢ Otherwise, 51% of those subjects had a low
level of vitamin D. In another study carried out in Spain on
408 athletes performing 34 different sports disciplines, the
results revealed that 82% of the subjects had vitamin D lev-
els below the optimal level (<30ng/mL). Synchronized
swimmers who exercise all day long in the open air had
higher 25(OH)D concentrations than those training only in
the morning or late in the evening.?’

Athletes may not increase their vitamin D levels beyond a
certain point even if they exercise in an open air environ-
ment. This is caused by the inappropriate exercise hours that
will not permit enough exposure to sunlight and high protec-
tive factor ingredients of the materials used (they used Sun
Protection Factor 30 for protection). In a survey study, 110
athletes from New Zealand were asked about their concern
regarding vitamin D levels and skin cancer. It turned out that
the subjects were much more anxious about the possibility of
skin cancer. Unfortunately, athletes had less knowledge
about vitamin D supplements than the normal population.?$

Another study examining different sports disciplines did
not reveal any differences in vitamin D levels between the vol-
leyball, lacrosse, and football players. Besides, there was no
difference between indoor and outdoor sports players in terms
of vitamin D deficiency.?® This finding is similar to our study.

Peeling et al.3® found that 25(OH)D level in a young
indoor athlete was significantly lower compared to those
who performed outdoors athletics or a mixture of both. This
study showed that the vitamin D levels in the Turkish indoor
athletes were lower during the winter months compared to
the outdoor athletes. Outdoor athletes’ levels were lower
during the fall months compared to the indoor athletes.

Synthesis of vitamin D decreases gradually by age. In
addition, longer exposure periods are needed for people who
have a darker skin color, especially in winter. We observed
significantly lower levels of vitamin D in the 5-17 and 18—
30 age groups. Conversely, we found significantly higher
levels of older age groups.

The most stable and major metabolite of vitamin D in
serum is 25(OH)D and its half-life is 3 weeks. A vast major-
ity of circulating vitamin D is 25(OH)D and therefore it is
accepted as the best indicator in determining the vitamin D
levels. It also represents both intake and endogenous produc-
tion. We also used 25(OH)D measurements in our study.?!
Valtuefia et al.?’ found that outdoor physical training is the
most appropriate way to increase the plasma concentration
of vitamin D in athletes.
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Three independent lines of evidence, age-related changes
in muscle function, muscle morphology, and the presence of
the vitamin D receptor (VDR) in muscle cells, support the
proposition that vitamin D may play a significant role in the
muscle function. However, athletic performance at all levels
is multifactorial. Vitamin D deficiency is performance limit-
ing, or the maintenance of vitamin D at supraphysiological
levels will result in enhanced muscle development and
performance.3?

There are some limitations to our study that have to be
acknowledged. Comparison between different literature
results is difficult because the differences between demo-
graphic information of the selected individuals, geographical
varieties, and the different methods of measuring 25(OH)D.
Prospective and randomized studies exploring the cause and
outcome correlation are necessary to better understand the
relationship between athletes and vitamin D deficiency. The
evaluation of risk factors and other parameters related to
vitamin D together would be a more suitable approach. Our
study bears additional value because there are not any other
studies carried out with athletes in Turkey.

Individualization of the treatment should be considered
by monitoring the 25(OH)D3 variation of each athlete. Also,
governmental policies can be developed to add supplements
to some nutritional products as performed in some countries.
We should also pay more attention to high-risk athletes,
indoor sports performers, and those who cannot benefit
enough from sunlight. Open air training programs can be
planned to increase the duration of sunlight exposure (e.g.
1.5h during winter between 10:30 and 12:00; scheduled sun
exposure should be planned during summer). Vitamin D sup-
plements should be taken during winter if necessary.

Conclusion

Increasing the vitamin D levels is very important, especially
in the participation athletes, and additional supplements are
recommended whenever necessary. No statistically signifi-
cant relationship was found between gender, indoor/outdoor
sports participation, and vitamin D levels. However, the win-
ter season had a negative effect on vitamin D levels. Therefore,
adequate precautions should be taken to increase the vitamin
D level, especially during winter to maintain the best par-
ticipation. Further studies are needed to evaluate vitamin D
deficiency-related seasonal and indoor—outdoor sports.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Ethical approval

Ethical approval for this study was obtained from the Institutional
Review Board of Baltalimani Metin Sabanci Bone and Joint
Diseases Training and Research Hospital (Approval No./ID:
08-06-2015/26).

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Informed consent

Written informed consent was obtained from all the subjects before
the study.

ORCID iD

Yasar Mahsut Dingel https://orcid.org/0000-0001-6576-1802

References

1. McGreevy C and Williams D. New insights about vitamin
D and cardiovascular disease: a narrative review. Ann Intern
Med 2011; 155(12): 820-826.

2. Hochberg Z. Rickets—past and present. In: Hochberg Z (ed.)
Vitamin D and rickets, vol. 6. Basel: S. Karger AG, 2003,
pp. 1-13.

3. Wharton B and Bishop N. Rickets. Lancet 2003; 362:
1389-1400.

4. Mosekilde L. Vitamin D and the elderly. Clin Endocrinol
2005; 62: 265-28]1.

5. Vu LH, Whiteman DC, van der Pols JC, et al. Serum vitamin
D levels in office workers in a subtropical climate. Photochem
Photobiol 2011; 87(3): 714-720.

6. Van Schoor NM and Lips P. Worldwide vitamin D status. Best
Pract Res Clin Endocrinol Metab 2011; 25(4): 671-680.

7. Cannell JJ, Hollis BW, Sorenson MB, et al. Athletic perfor-
mance and vitamin D. Med Sci Sports Exerc 2009; 41(5):
1102-1110.

8. Combs G Jr, Mahan LK and Escott-Stump S. Chapter 4:
vitamins. In: Gallagher MG (ed.) Krause’s food, nutrition
and diet therapy. 11th ed. Philadelphia, PA: Elsevier, 2004,
pp. 83-88.

9. Bartoszewska M, Kamboj M and Patel DR. Vitamin D, muscle
function, and exercise performance. Pediatr Clin North Am
2010; 57(3): 849-861.

10. Prabhala A, Garg R and Dandona P. Severe myopathy associ-
ated with vitamin D deficiency in western New York. Arch
Intern Med 2000; 160(8): 1199-1203.

11. Larson-Meyer DE and Willis KS. Vitamin D and athletes.
Curr Sports Med Rep 2010; 9(4): 220-226.

12. Farrokhyar F, Tabasinejad R, Dao D, et al. Prevalence of vita-
min D inadequacy in athletes: a systematic-review and meta-
analysis. Sports Med 2015; 45(3): 365-378.

13. Kucuk SC and Yibar A. Nutrient value and metabolic effects
of vitamin D-fortified yoghurt. Gida 2018; 43: 549-557 (in
Turkish).

14. Holick MF. Sunlight and vitamin D for bone health and pre-
vention of autoimmune diseases, cancers, and cardiovascular
disease. Am J Clin Nutr 2004; 80(Suppl. 6): 1678S—1688S.

15. Valtueiia J, Gonzalez-Gross M, Huybrechts I, et al. Factors
associated with vitamin D deficiency in European adoles-
cents: the HELENA study. J Nutr Sci Vitaminol 2013; 59(3):
161-171.

16. Scharla SH. Prevalence of subclinical vitamin D deficiency in
different European countries. Osteoporos Int 1998; 8(Suppl.
2): S7-S12.



SAGE Open Medicine

17.

18.

19.

20.

21.

22.

23.

24.

Willis KS, Peterson NJ and Larson-Meyer DE. Vitamin D
status of distance runners residing in the southern United
States. In: Proceedings of the SCAN’s 23rd annual sympo-
sium at the sports nutrition training camp, Austin, TX, 13-15
April 2007.

Morton JP, Igbal Z, Drust B, et al. Seasonal variation in vitamin
D status in professional soccer players of the English Premier
League. Appl Physiol Nutr Metab 2012; 37(4): 798-802.
Angelini F, Marzatico F, Stesina G, et al. Seasonal pattern of
vitamin D in male elite soccer players. J Int Soc Sports Nutr
2011; 8(Suppl. 1): P35.

Storlie DM, Pritchett K, Pritchett R, et al. 12-week vitamin D
supplementation trial does not significantly influence seasonal
25(0OH)D status in male collegiate athletes. Int J Health Nutr
2011; 2: 8-13.

Halliday TM, Peterson NJ, Thomas JJ, et al. Vitamin D status
relative to diet, lifestyle, injury, and illness in college athletes.
Med Sci Sports Exerc 2011; 43(2): 335-343.

Constantini NW, Arieli R, Chodick G, et al. High prevalence
of vitamin D insufficiency in athletes and dancers. Clin J Sport
Med 2010; 20(5): 368-371.

Lovell G. Vitamin D status of females in an elite gymnastics
program. Clin J Sport Med 2008; 18(2): 159-161.

Maimoun L, Manetta J, Couret I, et al. The intensity level of
physical exercise and the bone metabolism response. Int J
Sports Med 2006; 27(2): 105-111.

25.

26.

27.

28.

29.

30.

31.

32.

Guillemant J, Le HT, Maria A, et al. Wintertime vitamin D
deficiency in male adolescents: effect on parathyroid func-
tion and response to vitamin D3 supplements. Osteoporos Int
2001; 12(10): 875-879.

Barger-Lux MJ and Heaney RP. Effects of above average
summer sun exposure on serum 25-hydroxyvitamin D and
calcium absorption. J Clin Endocrinol Metab 2002; 87(11):
4952-4956.

Valtuena J, Dominguez D, Til L, et al. High prevalence of
vitamin D insufficiency among elite Spanish athletes: the
importance of outdoor training adaptation. Nutr Hosp 2014,
30(1): 124-131.

Walker N, Love TD, Baker DF, et al. Knowledge and atti-
tudes to vitamin D and sun exposure in elite New Zealand
athletes: a cross-sectional study. J Int Soc Sports Nutr 2014;
11(1): 47.

Villacis D, Yi A, Jahn R, et al. Prevalence of abnormal vita-
min D levels among division I NCAA athletes. Sports Health
2014; 6(4): 340-347.

Peeling P, Fulton SK, Binnie M, et al. Training environment
and Vitamin D status in athletes. Int J Sports Med 2013; 34(3):
248-252.

Thacher TD and Clarke BL. Vitamin D insufficiency. Mayo
Clin Proc 2011; 86(1): 50-60.

Hamilton B. Vitamin D and athletic performance: the potential
role of muscle. Asian J Sports Med 2011; 2(4): 211-219.





