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Summary

Muscle damage as well as recurrent and serious infections
especially to the end of the playing period in team sport or to
the end of preparation for competition in endurance or single
sport is the most common symptom in elite sport demolishing
optimal training results. Is a vitamin D deficiency responsible
for these symptoms in elite sports and a high-dose vitamin D
supplementation able to prevent these symptoms by reaching
the upper standard blood level of vitamin D?

Methods:

In 111 elite athletes [male: 50 — female: 61 / soccer: 21 —
field hockey: 62 — Olympics: 19 — tennis: 5 — motorsports
(DTM-Formulal): 4] blood vitamin D were determined. In all
elite athletes the symptoms muscle damage and infections
were correlated. 25 athletes were substituted with daily dose
of 20000 1U 25(0OH) vitaminD3 for 3 months. The vitamin D
blood level was determined before and after supplementation
and correlated with the symptoms of recurrent infections and
muscle injury. A Spearman-ranking coefficient of correlation,
a chi-quadrat-test ([ /2-Test) by Pearson and an independent t-
test were used. p < 0,05 was supposed to be significant, p <
0,01 highly significant.

Results:

In 51.3% of all elite athletes (N=57/111) a vitamin D-
deficiency (< 30 ng/ml) was established. In cases of young
player (< 18) compared to national A player vitamin D
significantly were poorly supplied [vitamin D: 25,71 + 9,58
ng/ml vs. 35,87 + 12,35 ng/ml (p=0,007)]. Muscle damages (in
73% of all cases) significantly occurred in vitamin D
deficiency [29,13 + 9,38 ng/dl vs. 36,27 = 12,09 ng/dl,
p=0,005] more frequently. Comparing the settings of vitamin
D < 40 ng/ml vs. > 40ng/ml [27,50 + 7,85 ng/ml vs. 46,31 £
6,71 ng/ml, OR=4,53, p=0,007] muscle damage were observed
4,53 times more frequent in the lower group. No significances
were observed in infection. By the daily substitution of 20000
IU 25(OH) vitaminD3 the vitamin D blood level was
significantly increased (20,68 + 12,29 ng/ml before vs. 76,41
+ 25,36 ng/ml after therapy, p=0,0001). Regarding recurrent
infections an absolute risk reduction of 48% (13/25 before vs.
2/25 after therapy, p=n.s) and muscular injuries of 68% (18/25
before vs 1/25 after therapy, p=0,066) was achieved. No
toxicities have been observed.

Conclusion:

Independently to the type of sports deficiency of vitamin
D in elite sports was observed. Vitamin D plays an important
and significant role in preventing muscle damages. Further
RCT studies reaching a 25(OH)-vitaminD3 level of 70-80
ng/ml for a whole season are necessary to demonstrate efficacy
in preventing muscle damages and recurrent infections in elite
athletes.

Introduction

Micronutrients - vitamins and trace elements — interact
with each other, are essential and needed daily to maintain all
physiological body functions optimally [1-2]. High training
effort, a tight schedule, unbalanced or incorrect nutrition,
frequent travel and high psychological stress lead to a high
consumption of these micronutrients during preparation, which
ends in injuries in 12.9% of cases and in acute infections in
9.2% of cases, leading to training interruptions and competition
cancellations [3-6]. At major events such as the Olympics, the
FIFA World Cup or the IAAF, 9.6-14% of participants are
absent due to injury [5-13]. Twice as often in winter as in
summer, 5.4-8.9% of participants suffer from an acute
infectious disease [5-13]. The most common acute infections
occur in the upper respiratory tract (46%), 25% in the
urogenital system, followed by 21% with gastrointestinal
infections and 8% skin infections [5-13]. These losses could
not be reduced by the "General guidelines for illness
prevention in athletes" of the Olympic Committee [14].

Vitamin D is an essential, fat-soluble vitamin and acts as
a precursor hormone for many metabolic and biological
processes and regulates the expression of over 900 different
genes [18]. These genes have a wide range of effects on health
and performance in sport: such as exercise-induced inflammation,
carbohydrate metabolism, cardiovascular health, bone and
skeletal muscle metabolism [15-17, 19-22]. Athletes with
vitamin D deficiency have an increased risk of bone/joint wear
or fractures [23-25] as well as catabolic effects on the muscle
that result in muscle fatigue or tear [26, 27].

The aim of this study is to evaluate the 25-OH vitamin D3
status of top athletes in various sports and to identify possible
correlations with the complaints of susceptibility to infections
and muscle injuries of the athletes as well as the efficacy of
high-dose 25(OH) VitaminD3 substitution in preventing these
symptoms. Are there clear differences between vitamin D
deficiency and the athletes' complaints?

1 | Advances in Orthopedics and Sports Medicine, Volume 2021, Issue 01

AOASM-137



mailto:contact@kosmospublishers.com
mailto:info@im-lot.org

25-OH-VitaminD3 Level in Elite Sports: Is high-Dose Vitamin D
Supplementation Effective In Preventing Muscle Damage and Infections?

Methods
Participants

111 top athletes from various sports (team sports: field hockey
and soccer - individual sports: athletics, tennis, motorsports)
included in the study for performance optimization. All
participants gave their written consent and were evaluated
using a questionnaire for medically confirmed muscle injuries
and susceptibility to infections. Muscle injuries included all
muscle fibre tears, muscle bundle tears and tendon-muscle
tears. Susceptibility to infection was defined as at least 2 viral
and/or bacterial infections (upper respiratory tract infections,
gastrointestinal infections, urinary tract infections) or more per
year. In all athletes, 25-OH vitamin D3 in the blood was
examined and correlated with the symptoms. In addition, 25
elite athletes were substituted with a daily dose of 20000 U
25(0OH) vitaminD3 for 3 month, blood vitaminD was determined
before and after therapy and correlated with symptoms of
recurrent infection and muscle injury.

Vitamin D 25-OH (serum)

The quantitative determination of total 25-OH vitamin D
in serum was carried out according to the manufacturer's
instructions by using a direct competitive chemiluminescence
immunoassay (CLIA) on the Liasion-XL laboratory machine
from Diasorin, Dietzenbach, Germany (Order No. 310600).

Statistical Analysis

The data was statistically analyzed using IBM®SPSS®
software 25. Spearman Rho was used to calculate the
correlation between the different parameters. A Chi-square (%
) 4-field test according to Pearson was used for the frequency
comparison between symptoms and age groups and the odds
ratio (OR) was calculated. The 95% confidence interval (CI)
was calculated according to

Klyse, = exp [In(OR) + 1.96 /zfl In(OR) ].

i

For 2-group mean comparisons, a level test was
performed to check variance homogeneity, followed by an
independent T-test for homogeneous (P > 0.1) or in homogeneous
variances with two-sided questioning. For k > 2 groups or for
combined influences of the different patient groups and the
respective symptoms, a one - or two - factorial analysis of
variance (ANOVA) was applied. Post-hoc mean value
equivalence was performed with the two-sided Sidak test.
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For p < 0.05 the results were considered significant, for p
< 0.01 highly significant.

Results

(Table 1) shows the characteristics of the study population.
73% of all top athletes complained about muscle injuries and
40% about infections. Young national players U16-U18
suffered significantly more frequent muscle injuries than the
A-national players [86% (18/21) vs. 67% (18/27) - OR = 3.00;
95%Cl: 1.50 - 4.50, p=0.022]. No differences were found for
infections. The vitamin D value of 51.3% (57/111) of the
athletes was < 30 ng/ml, with 13.5% (15/111) showing a
vitamin D deficiency (< 20 ng/ml) and 37.8% (42/111) an in-
adequate vitamin D supply (> 20-30 ng/ml).

(Table 2) shows the comparison of youth vs. adults.
Compared to adults, adolescents are significantly worse
supplied with vitamin D. For vitamin D (25.71 + 9.58 ng/ml
vs. 35.78 + 12.35 ng/ml - p=0.007) (Table 2) the youth players
are significantly worse supplied compared to the A-national
players. The proportion of youth players with a deficiency or
inadequate vitamin D supply was 64.4% (29/45), with 22.2%
(10/45) youth players showing a vitamin D deficiency (< 20
ng/ml) and 42.4% (19/45) an inadequate vitamin D supply (20-
30 ng/ml). Compared to the adults, youth players thus have a
2.46 times higher risk of developing a vitamin D deficiency
(29/45 vs. 28/66, OR = 2.46, 95%Cl: 1.67 - 3.24, p < 0.023).

(Table 3) shows the values of the athletes in the group
comparison divided into groups below and above international
recommendations of 40 ng/ml (15, 28-31) with reference to the
symptoms. A muscle injury seems more likely to occur with a
deficiency of 25-OH vitamin D3 (p = 0.007). No effects on
infections are apparent.

The daily administration of 20000 1U 25(0OH)VitaminD3
(each 10000 IU in the morning and evening) significantly
increased the blood vitaminD (20,68 + 12,29 ng/ml before vs.
76,41 + 25,36 ng/ml after therapy, p=0.0001) (Figure 1) and
with regard recurrent infections, an absolute risk reduction of
48% (13/25 before vs. 2/25 after therapy, p=n.s) and muscular
injuries of 68% (18/25 before vs 1/25 after therapy, p=0.066)
was achieved (Tabble 4). No toxicities (hypercalcaemia) have
been observed. The athlete, who still suffered from muscular
injury after 3 months daily substitution of 25(OH) Vitamin D3,
tore the anterior cruciate ligament without any external
influence.

Age Infect Muscle Injury | VitD 30-80 ng/ml
Total 22,34 44/111 81/111 31,1
(n=111) +743 (40%) (73%) +10,61
20,13 24/61 44161 31,9
Female
(n=61) +6,16 (39%) (72%) +9,92
Male 25,04 20/50 37/50 30,0
(n=50) +8 (40%) (74%) +11,42
Footgf“ 22,9 5/21 17/21 32,2
(n=21) + 4,05 (24%) (81%) +13.29
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Field hockey 19,37 22/62 45/62 31,6
(n=62) +4,62 (36%) (73%) +9,99
Olympia- 29 11/19 13/19 29,6
Participants +10,86 (58%) (68%) +10,58
(n=19)
Tennis 21,6 3/5 4/5 27,1
(n=5) +6,5 (60%) (80%) +10,84
Motor 34,75 3/4 2/4 29,0
(n=4) +6,85 (75%) (50%) + 6,05
National 23,59 8127 18/27 34,4
(n=27) +5,35 (30%) (67%) +12,94
U16 13,67 1/6 5/6 29,9
(n=6) +0,82 (17%) (83%) +8,04
U18 16,47 4/15 13/15 28,9
(n=15) +0,64 (27%) (87%) +8,32
U21 18,78 1/6 3/6 31,0
(n=6) +0,9 (17%) (50%) +78

Table 1: Vitamin D and the accompanying symptoms frequency of infection and muscle injury subdivided according to gender and
sports determined by questionnaire.

Vit D
(30-80 ng/ml)
Total 31,06
(n=111) £10,61
National Player 35,78*
Adults +12,35
(n=24)
National Player 28,53
Ui16 + U18 +8.2
(n=21)
other U18 25,71*
(n:21) + 9,58
*p=0,007
Others 32,47
Adults +967
(n=45)

Table 2: Vitamin D levels in comparison adults versus youth.

Vitamin D

Group <40 ng/ml n Group > 40 ng/ml n Odds-Ratio
Total 27,96 95 49,43 16
+5D +7,53 +7,04
Infects 27,11 39 46,92 5
LD +591 +5,19

1,53 p=0,325
Infects 28,56 56 50,57 11 P
(negative)

+sD +8,48 £7,68
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Muscle
injury 27,5 74 46,31 7
(positive)
+3SD +7,85 + 6,71
4,53 p=0,007
Muscle
injury 29,59 21 51,86 9
(negative)
+3SD +6,17 + 6,64

Table 3: vitamin D levels comparing the groups below and above international recommendations of 40 ng/ml with reference to the

symptoms.
25 (OH) Vitamin D3
Therapy Before After
Total (N=25) 30,68 7641
+12,29 + 26,36
Correlation* P=0,062
Test* P=0,0001
30,54 59,55
Infection +9,70 +2,33
N=13 N=2
Time* P=0,0001
ARR 48%
Symptom* P=0,828
30,82 77,87
No infection + 15,06 +27,01
(N=12) (N=23)
27,27 71,60
Muscle injury + 10,07
(N=18) (N=1)
Time* P=0,0001
ARR 68%
Symptom* P=0,066
39,43 76,60
No muscle injury + 13,87 + 26,90
(N=7) (N=24)

Table 4: Results before and after therapy for symptoms *= for paired samples - time and symptom (p by ANOVA).

Discussion

The prevalence rate of inadequate vitamin D supply in our
study (51.4%) correlates closely with the meta-analysis
published recently by Farrokhyar, et al. [37], in which 56% of
the athletes examined worldwide showed inadequate supply (
< 30 ng/ml). The prevalence of inadequate vitamin D supply
in other studies [30-32, 35] ranged from 51% - 91.3% of the
athletes, with the average vitamin D value of the athletes
(N=20969) in these studies ranging from 11.62 + 9.24 ng/ml -
38.45 + 16.65 ng/ml [28-36]. The average vitamin D value of
the study with the most participants (N=18883): 29 + 8 ng/ml
[36] and the value of the Swiss Olympians (N=651): 30.32 +
9.24 ng/ml [30] correlates closely with the mean value in our
study (N=111): 31.06 + 10.61 ng/ml. Adolescents with an
average of 25.71 £ 9.58 ng/ml have a significantly worse
vitamin D supply than A-national players (35.78 + 12.35 ng/ml
- p=0.007). The percentage of adolescent athletes in our study
who are inadequately supplied with vitamin D (< 30 ng/ml) is,
at 64.4%, significantly worse than that of adults (42.4% - OR
=2.46 - p <0.023). This is confirmed by the results of Quadri,
et al. [30]: 65% (234/360) of the Swiss athletes < 18 years had

a vitamin D supply < 30ng/ml compared to 34% (99/192) of
the athletes > 18 years (OR = 3.6), whereas the risk of
suffering a vitamin D deficiency (< 20 ng/ml) is 5.18 times
higher in adolescents < 18 years compared to adults in this
study (95%CI 3.00 - 8.95, p < 0.0001). The reason for the
significantly poorer vitamin D supply in adolescents may be
the higher demand in the growth age on the one hand, and on
the other hand the better average supply in A-national players
may because by a more conscious diet (e.g. more fish) but also
by a targeted, organisation-controlled vitamin D substitution.

A striking feature of our study is the high number of
muscular injuries among top athletes (73% of all athletes),
while U16 and U18 national players also experiencing
muscular injuries significantly more frequently (83% of U16
and 87% of U18 athletes). The vitamin D value was
significantly lower in athletes with muscular injuries (29.13 +
9.38 ng/ml) than in athletes without muscular injuries (36.27
+ 12.09 ng/ml). There are currently no comparable studies on
muscle injuries and vitamin D levels. Only Quadri et al (30)
report in their study that 62.2% of Swiss Olympic athletes
complained of muscular pain.
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When comparing the prevalence of muscular injury in
athletes with vitamin D values > 40 ng/ml against athletes with
vitamin D values < 40 ng/ml, the probability of muscular
injury is significantly higher for vitamin D values < 40 ng/ml
than for athletes with vitamin D values > 40 ng/ml (OR=4.53,
KI195% = [3.43; 5.63], p < 0.007). The influence of adequate
vitamin D concentrations (>v40 ng/ml) on the TNFa
concentration seems to play a decisive role. Willis, et al. [19]
were able to demonstrate a significant inverse correlation of
vitamin D to TNF-a concentration in 19 healthy competitive
athletes, whereby according to their results vitamin D values
> 40 ng/ml should be aimed for. TNF-a leads in the acute
phase to an increased cellular calcium release and thus to
muscle stiffness and tears and in the intermediate phase to an
increase in the cellular inflammation parameter NfkB and thus
to an increased macrophage reaction and thus to muscular
inflammation and injury [19]. Can vitamin D value > 70 ng/ml
prevent muscular injuries by lowering the TNF-a
concentration in competitive sports (Figure 2)? In a placebo-
controlled randomized therapy study in athletes with vitamin
D deficiency (N=40: 18 £ 10 ng/ml), Owens, et al [29]
achieved a significant increase in vitamin D levels in the
therapy group (N=20: 46 + 12.4 ng/ml - p < 0.005) by daily
substitution of 4000 IU OH-vitaminD3 over 6 weeks and
observed a significantly faster recovery from muscular injuries
in the therapy group compared to the placebo group. Close, et
al. [28] were able to confirm in their therapy study the
improvement of muscle strength through vitamin D
substitution. In this placebo-controlled randomized therapy
study, a significant increase in vitamin D levels > 40 ng/ml
was achieved in the verum group by daily administration of
5000 IU OH-VitaminD3 over 8 weeks. A significant increase
in vitamin D values > 40 ng/ml of the 10 and 30m sprint power

and the bounce power was demonstrated in the verum group
compared to the placebo group [28].

Correlations between vitamin D levels and sleep disorders,
fatigue or infections showed no significance, although athletes
with vitamin D levels < 40 ng/ml showed a 1.53-fold higher
risk of developing infections than athletes with vitamin D
levels > 40 ng/ml. The Third National Health and Nutrition
Examination Survey [36] seems to confirm this observation,
because in this study (N=18883) a significant-inverse
correlation between vitamin D concentration and upper
respiratory tract infections (URTI) was found (participants
with vitamin D values < 10 ng/ml developed URTI in up to
30% of cases). Internationally, a target value for vitamin D >
40 ng/ml is achieved by daily administration of 4000 - 5000
IU OH-VitaminD3.

In our 3-month treatment study (N = 25) we achieved the
upper normal vitamin D-levels (76,41 + 26,36 ng/ml) by daily
substitution of 20000 1U 25(OH)VitaminD3, thus avoiding
muscle injury in 68% and a recurrent infection in 48%.
Whether this can actually be achieved by lowering the TNF
level or whether other biochemical processes (vitamin D-
induced optimization of the intracellular influx of calcium and
magnesium into the muscle) are responsible for preventing
muscle injury and recurrent infections, further studies are
needed to clarify. Comparable studies are not available in the
current literature. Long-term studies with the preservation of
blood vitamin D3 between 70-80 ng/ml have to show whether
recurrent infections and muscle damages can be prevented
during this time. Further studies must also show whether other
micronutrient deficiencies or gene changes are responsible for
the severe injury (rupture of the anterior cruciate ligament) of
the athlete despite optimal vitamin D levels.

100

90

80

70

60 -

50

40

30 A

25(0H)VitaminD3-level [ng/ml]

20 A

10

o] T

25(0OH)VitaminD3-substitution
(n = 25)

before

time of testing

after

Figure 1: blood Vitamin D concentrations and standard errors before and after therapy with 20000 IU 25(OH) VitaminD3 daily for
3 months (n=25). ** = p=0.0001.
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(unpublished data).
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