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Abstract. - OBJECTIVE: It is well known that
vitamin D deficiency can lead to various health
problems. However, it is not common knowledge
among athletes and doctors that vitamin D de-
ficiency is prevalent in sports. This deficiency
can severely impact performance, while vitamin
D supplementation can alleviate this effect and
potentially improve performance.

MATERIALS AND METHODS: This
tive review aims to compile the current
knowledge about the importance of vitami
increasing performance for active people. To
end, we searched the ‘Scopus’ and ‘PubMed’
tabases for the terms ‘vitamin D_gaz

RESULTS: Study results i

covery, strength and sprj

controversial.
CONCLUSIONS:

ings on recovery.

_ pound cholecalciferol and, when
onally active, calcitriol'. Historically, vitamin
s an essential component of calcium and phos-
omeostasis and metabolism within bones
>tal muscles?. It has also been implicated in

other physiological fuhctions throughout the
y>. There are two primary forms of vitamin D
humans, cholecliferol (vitamin D,, from animal
iferol (vitamin D,, from plant
ich can be ingested through
mentation, or sun exposure*.

s of a vitamin D deficiency have
a0 well described in the general population®”’.
ndies®'? on vitamin D levels in various
yroups of athletes, including runners, basketball
players, jockeys, gymnasts and even dancers, have
been conducted in the last decade, showing that
they were comparable to those of the general pop-
ulation. However, athletes and doctors are unlike-
ly to be aware that vitamin D deficiency is preva-
lent in sports'*'* depending on the season'>'®. This
deficiency can negatively affect muscle strength,
power, and endurance'®. Furthermore, low vita-
min D levels can increase the occurrence of stress
fractures and other musculoskeletal injuries and
can affect acute muscle injuries and inflamma-
tion following high intensity exercises'’. Vitamin
D deficiency can severely limit athletic perfor-
mance'”", but it has been shown that vitamin D
supplementation can alleviate this effect and im-
prove performance?-*.

Multiple reviews'*!'¢#4 about the potential
ergogenic effects of vitamin D on athletic perfor-
mance have been published. In 2015, the aspects
of skeletal muscle function, increased force and
power production combined with decreased re-
covery times were studied®. In 2020 the aspects
of the immune system and musculoskeletal func-
tion were considered'®. Again in 2020, the aspects
of muscular strength, cardiovascular health and
the incidence of illness, including upper respira-
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tory tract infections, were investigated*, and in
2021 physical performance and musculoskeletal
injuries in athletes were considered'. At the time
of writing, there is no review exploring vitamin
D deficiency in endurance and strength athletes
and the potential ergogenic effects of vitamin D
supplementation. Therefore, this narrative review
aims to compile the current research about the im-
portance of vitamin D and its impact on the per-
formance of endurance and strength athletes.

Materials and Methods

This review utilized a narrative review meth-
od described by Grant and Booth?. We searched
two significant databases (Scopus and PubMed)
using terms related to vitamin D and athletic per-
formance (vitamin D; athletic performance; sports
performance; athlete; professional athlete; elite
athletes; college athletes; sports; performance
improvement) for articles published before July
2022. The authors sorted the search results (case
reports, orlgmal papers and review articles) and
were included in this review based on thei
cal relevance to athletes and practitioners.

Definition of Vitamin D Deficiency
An essential factor to consider when dete
ing vitamin D levels is the classification of

significant debate around thg
ciency and insufficiency iy
D deficiency is generally
insufficiency (50-75
(<50 nmol/l) and s

though the recom-
rtance of vitamin

arising from various
easurement units used.

antly beneath this threshold?®*?°. However, the
O* defines vitamin D insufficiency as a serum

There is inconsistency j
a deficiency. Although
generally divided into

entific societies an
to the cut-off va

ng/mL (<30 nmol/L)
as Vi i i t the same time, the
ean Society of Endocrinology defines serum
tion below <20 ng/ml (<50
deficiency and between 20-
ol/L) as vitamin D insuffi-

nd athletic performance®'”-'®. In ad-
a comprehensive review of vitamin D in
ommended 30 ng/mL (75 nmol/L) as
e cut-off value for vitamin D adequacy when
assessing serum concentrations in athletes before
vitamin D supplementation®.

Vitamin D and Athletic Performance

In recent years vitamin D was suggested to have
ergogenic properties that may improve sports per-
formance. Willis et al** recently highlighted that a
surprisingly high percentage of athletes are proba-
bly vitamin D deficient, especially those exercis-
ing an indoor sport. New studies®>* clearly show
a connection between vitamin D status and perfor-
mance. However, this relationship could be gen-
der-specific and age-dependent®® favoring young
men'’. A recent double-blind study*® in non-diabetic
men found that supplementation of 3,332 [U/day of
vitamin D significantly increased the serum levels of
25(OH)D, total testosterone, bioactive testosterone,
and free testosterone levels.

Vitamin D, receptors (VDR) are found in human
skeletal muscle tissue***!, suggesting that 1,25-di-
hydroxy vitamin D may directly influence skeletal
muscle activity. Furthermore, detecting the VDR in
the muscles indicated that vitamin D may have an
essential function in them**. The question arose
as to whether a lack of vitamin D could influence
skeletal muscle damage caused by overuse®.
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Studies on the effects of vitamin D, in mus-
cles?! have been limited primarily to popula-
tion groups with diseases* or healthy, untrained
adults®. Until recently, studies**¢ have shown
that increasing serums 25(OH)D levels in specific
populations positively affects muscle strength and
muscle mass. Contrary to those findings, the only
study that investigated these effects in athletes
showed different results*’. In addition, von Hurst
and Beck?’ concluded that the optimal dosage of
25(OH)D serum concentrations in athletes cannot
be conclusively assessed yet.

The Importance of Vitamin D
on Maximum Oxygen Uptake

In athletes, the effect of vitamin D was main-
ly investigated concerning maximum oxygen up-
take (VO,max)*!, endurance> and strength perfor-
mance™*. While VO, max, endurance and strength
performance seemed to be positively influenced, the
anaerobic performance was not affected”’.

The mechanism that acts on VO,max when
serum 25(OH)D levels are increasing is still un-
clear®®. However, this could be explained by the
CYP enzymes (cytochrome P), which activ;
tamin D, to 1,25-dihydroxy vitamin D,,
heme-containing proteins® and could inf
the binding affinity of oxygen to hemog
In addition, VDRs are present in the myoca
and Vascular tissue®

cs. Howev-
8sidered, such

youth soccer players.

In another study®, lightweig]
ficiently high vitamin D levels
observed during an eigh

of Gaelic football players™!
of participants had inadequate
The daily intake of 3,000 TU
eeks only corrected the vita-

studies are needed to explore this
ct10n and verify whether athletes with a se-
cy of 25(OH)D or an ergogenic effect
Xist and whether it is the supraphysiological doses
of vitamin D, as used by Jastrzgbski®, that have an
ergogenic effect.

The Importance of Vitamin D
on Strength Performance

Recent studies show several connections
between vitamin D levels and strength perfor-
mance in healthy individuals’7#33-566466 and ath-
letes?4353°6:64¢¢ Tt is suggested that vitamin D,
may increase the strength and performance of
skeletal muscle tissue*’, possibly through sensi-
tization of the calcium-binding sites on the sarco-
plasmic reticulum, which leads to increased mus-
cle contractions®. There is also further evidence
that vitamin D, may increase the size and the num-
ber of type IT muscle fibres®®’! and improve mus-
cle function through morphological adjustments
and improved calcium availability®. However,
these findings have yet to be verified in studies
with athletes.

So far, it seems questionable whether low
vitamin D levels correlate to poor performance
and whether consuming high doses of vitamin
D improves performance. Cross-sectional stud-
ies indicated that vitamin D concentrations were
associated with muscular performance in col-
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Study A Baseline S . 25(OH)D concentrations
Country design N (men/ women)/age Participants 25(0OH)D Vitamin D dose/duration after intervention Ref.
USA RCT 19 (6/13)/ College 58+21.75 5,000 IU Vit D3/12 wks 8% increase in Vit D al jump, and deadlifts 114
20.1£1.6 yrs Swimmers nmol/L 44% decrease in P! s, standing long jump, dips and pull-ups
(VitD) -
19.740.8 yrs (PLA)
Tunisia ~ RCT 36 (36/0)/ Recreational ~ 12.443.49 ng/ 200,000 ITU ertical jump, triple hop, 10m/30m sprints and 115
10.7+£2.15 yrs footballers ml (VitD)  VitD3/a le run,
(VitD) - -12.1+£3.93  bolus dose <in long jump while standing
10.8+12.2 yrs (PLA) (PLA)
UK RCT 30 (30/0)/ 2242 yrs Club-level 53426 nmol/L.20,000 or 40,000 TU <in physical performance parameters 80
(20,000 TU/Awk group); athletes (20,000 TU/ Vit D3 per
211 yrs (football, wk group);  wk/12 wks than 20,000 IU Vjt D
(40,000 IU/wk group); rugby) 51426
21+1 yrs (PLA) (40,000 TU/
wk group);
52427 nmol/L
(PLA)
UK Controlled 24 (11/5)/ 26+4.57 yrs Classic Ballet NS 2,000 U AN in isometric strength and vertical jump 116
prospective dancers Vit D3/ 4wks
study
Brazil Single 27 (27/0)/24+4 yrs Combat sports - AN in upper and lower body VO, peak, upper body Wingate 117
blind/ athletes performance
Crossover (MMA, - Suppl with more than 50,000 IU vit D showed no additional
study Jiujitsu and benefit
boxers)
Spain RCT 36 (36/0)/27+6 yrs Elite 48.12+10.88 ng/ml (Vit D) ; <in muscle recovery 96
rowers 35.14+7.96 ng/ml)
UK RCT 10 (10/0)/ average age Serum vit D cons increased /N in 1-RM bench press and 1-RM back squat, 54
of 18 yrs in Vit D group <in 30-m sprint and Illinois agility run
Iran RCT 69 (36/33)/18-23 yrs 50,000 IU Vit D3 per week/ 8 44.9+19.8 ng/mL (Vit D); /Nin the strength leg press test and sprint test, 72
weeks 21.3+8.9 ng/mL (PLA) <in the ergo jump test, vertical jump test, [llinois agility test,
40-yard speed test
Continued
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Table I. Summary of the outcomes from controlled studies investigating the potential efficacy of Vit D supplementation on performance in g

Study N (men/ women)/ .. Baseline - . . 25(OH)D concentrations
Country design age Participants 25(0H)D Vitamin D dose/duration after intervention (o] Ref.
UK RCT 22(22/0)29£10yrs (Vit ~ Eliteindoor ~ 13.16+£3.75 150,000 IU a bolus dose 16.76+3.21 ng/mL (Vit D); goflcn days after supplementation 118
D)- athletes ng/mL
26+7 (placebo) (Judokas) (VitD);
16.33+2.73
ng/mL (PLA)
New Prospective, 57 (57/0) average age Rugby players  93+19nmol/L 50,000 [U i {'six physical performance parameters including 30m 82
Zealand  double blind, of 21.5 yrs (VitD); biweekly/ 12 weeks i ;
placebo- (Vit D)- 20.9 yrs (placebo) 95+17 /N in'the weighted reverse-grip chin up performance
controlled nmol/L
study (PLA)
South RCT 35(21/14)/20.120.15yrs ~ Collegiate 27.3+1.18 5,000 IU/ 4 weeks AN in peak performance and isokinetic knee extension at 180° 119
Korea Tackwondo ~ nmol/L <>in Wingate test, endurance, counter-movement jump, sit-ups,
athletes (VitD); agility test, 20m pacer)
30.9+1.95
nmol/l (PLA)
Poland RCT 36 (36/0)/ Football players 48.5+8.6 5,000 IU Vit D3/8 weeks serum Vit D; <>in Wingate test, 5-, 10-, 20-, 30-m sprints, knee bend jumps, 81
average age nmol/L counter-movement jumps, small field games, interval running
of 17-19 yrs (VitD) at AT
47.5+16.2
nmol/L
(placebo)
Ireland  Double-blind, 42 (18/24)/ average age of Gaelic football 47.37+13.29 3 83.68+32.98 nmol/l (Vit D); No change in physical performance (VO2max, vertical jump 51
placebo- 202 yrs players nmol/L 49.22+25.40 nmol/l (PLA) height, left and right handgrip strength, forced vital capacity,
controlled forced expiratory volume at 1s)
study
Poland  RCT 36 (sex was not defined) ~ Football players, 6,000 IU Vit 106.3£26.6 mmol/l (Vit D); “Naerobic capacity in both groups (20% in the Vit D group; 62
average age of 17.5+0.6 yrs 42.5+16.7 mmol/l (PLA) 13% in the PLA group)
Poland  RCT 28 (sex and age were not  Elite for 6,000 IU/ 6 weeks 54.03+7.4 ng/ml (Vit D); Improvement in 5-m sprint, no change in VO2max 120
defined) 35-40 ng/ml (PLA) and 30-m sprint performance
-30 ng/ml
LA)
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Figure 1. Different scientific socig W di 25(0OH)D concentrations [ng/mL]. NAM: National Academy
e Food Safety Authority, Europe; SACN: Scientific Advisory

D status in athletes found no significant association
between them. A comparison between athletes
with sufficient (>50 nmol/l) and athletes with in-
sufficient (<50 nmol/l) vitamin D status showed no
differences in counter-movement jump and aerobic
fitness (VO,max)™. Similar findings were report-
ed in a study investigating male professional bas-
ketballers. In athletes with deficient (<20 ng/ml),
insufficient (20-32 ng/ml), and sufficient vitamin
D (>32 ng/ml), muscle strength of knee extension/
flexion and ankle dorsiflexion/plantarflexion was
investigated. Interestingly, the isokinetic lower
limb strength was not significantly different when
. all three groups were compared'.

Data on muscle strength and athletic perfor- It is stated that although vitamin D may have
ance in athletes is limited, and results are contro- beneficial effects on skeletal muscles in athletes, it
Al The few studies'*™ that explored the inter- has no effect on the performance of athletes that
rtween muscle strength and serum vitamin do not exhibit a vitamin D deficiency”. However,
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some studies®’*”” on muscle strength and vitamin
D in athletes showed no effect on performance
even though the vitamin D level was deficient. For
example, in the study® examining hockey players
with vitamin D deficiency, no relationship was
found between serum vitamin D levels and phys-
iological performance variables. Another study’®
investigated an association between vitamin D and
lower extremity muscle strength in 342 football
players. Although 84% of the athletes had vitamin
D deficiency, no correlation was detected between
low vitamin D levels and lower extremity muscle
strength. A study’” including 80 competitive swim-
mers (42 vitamin D insufficient and 11 vitamin D
deficient) found no association between vitamin D
levels and various performance parameters. In par-
ticular, there were no differences between athletes
with and without vitamin D deficiency.

In some studies, muscle function*’ and athlet-
ic performance’’ were only improved in athletes
with a vitamin D deficiency. In addition, a study*?
including people with paraplegia stated that vita-
min D supplementation improved strength perfor-
mance in more than 60% of the study participants,
but not endurance. However, opposite 14
have also been obtained. Racing car driver
3,800 IU of vitamin D, per day for six wed
served an increase in vitamin D, levels with
crease in vitamin D, levels, but no improve
in muscle function tests™. Another 7

levels of vitamin D, and 3
the parameters of muscle
age. Similar to other

and 12 weeks in
tamin D conce
performance

amin D and Sprint Performance
Randomized-controlled trials (RCTs)>*677277:

ipated in a cross-sectional polish g
they received 5,000 IU of vitarg

found between the 25(OH)D c§
sprint times at distances o
plementing high doses
daily for eight weeks’4
IU) weekly for eig
performance. Anot
soccer players w,

rugby players suppleniented with biweekly
12 weeks indicgted no alteration in sprint per-
o this study, other RCT stud-
rs supplemented with 5,000
ight weeks®', and adolescent
ented with 2,000 IU vitamin
" showed no alterations in sprint
ance. Another RCT study® of collegiate
players supplemented with 2,000 TU
tamin D daily for three months did not elicit sta-
tistically significant performance improvements
(peak power). Although several RCTs investigate
the association, we need more RCTs with larger
sample sizes to clarify the interaction between vi-
tamin D supplementation and athlete sprint per-
formance.

The Importance of Vitamin D
in the Recovery Phase

Rapid recovery provides a significant ad-
vantage to athletes facing exercise-associated
stress, inflammation, and post-exercise remodel-
ing of muscle intracellular components and en-
ables high-intensity training more frequently®.
The potential efficacy of vitamin D on recovery
is attributed to its essential role in inflammation
modification throughout both innate and acquired
immunity®*®*’. The human skeletal muscle tissue
reacts to training stimulation and tissue damage
by remodeling its intracellular muscle compo-
nents®*’. During regeneration, 1,25-dihydroxy
vitamin D increases myogenic differentiation
and proliferation’' and regulates myostatin in cell
cultures as an inhibitory regulator of the muscle
C2C12 myoblastsynthesis®. Stratos et al”> showed
this increased skeletal muscle regeneration in an-
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imal models. The reaction of the m. soleus of the
rat to 332,000 IU of vitamin D per kg of mus-
cle weight vs. 33,200 IU of vitamin D per kg of
muscle weight showed that the muscle with the
higher vitamin D dose went into apoptosis much
later than the muscle with the lower dose as a sign
of an increase in cellular matrix proteins®® which
are essential for the repair of the skeletal mus-
cles. This increased cellular turnover accelerates
recovery and improves strength performance®.
Animal model regeneration capabilities are sig-
nificantly higher than humans and cannot be trans-
ferred to humans in their totality. The discovery that
vitamin D supplementation increases the recovery
of muscular strength shortly after intense physical
activity was supported by human studies with less
active people and low doses®. In a randomized, dou-
ble-blind, placebo-controlled study, Barker et al*
showed that 4,000 IU per day for 35 days in healthy
and moderately active adults reduced the increase
in the liver biomarkers alanine (ALT) and aspartate
(AST) immediately after ten sets of ten repetitions of
isometric concentric jumps. Although the maximum
performance decreased in both groups, the perfor-
mance only decreased by 6% in the group with
plementation, while the performance of the
group decreased by 32% after training®. Tt
crepancy persisted even after 48 hours.
Although animal studies and studies on a
adults indicated promising results, fi

intake of 3,000 IU of vi
for iron metabolism bt i

study®” with 22
with 50,000 IU

: ation with vitamin D in the ath-
population. Of these 15 studies, 11 showed
improvement in laboratory tests, whereas, in 4

The Dosage of Vitamin D for Optim
Performance

Given the substantial interest in
its potential impact on sports per

prove their performance®?’. HO
mal vitamin D dose and its
troversial®®®”. There is i
600-800 IU of vitamin

levels are
over, which
ress fractures!®?. From all

en shown that approx-
vitamin D per day

with a vitamin D deficiency
e their levels to normal®!'%.
level fluctuates seasonally, it
ed at the end of winter to de-
tect an deficiency!'”’. Therefore, seasonal
iter supplementation may be sufficient for ath-
P, and D, supplementation can increase
e 25(OH)D plasma concentration. However, vi-
tamin D, supplementation may be more effective
than vitamin D,""""*. It should be noted that vi-
tamin D, is less bioavailable and less stable with
increasing age. Some clinical studies®!'''!'3 have
shown that vitamin D, absorption is significantly
lower than the absorption of vitamin D,. In addi-
tion, vitamin D, has a lower affinity for the VDR
and is deactivated as soon as it is hydroxylated
in the kidney. Therefore, vitamin D, supplemen-
tation has been commonly preferred over vitamin
D, supplementation.

Since vitamin D, proved to be more effective,
the optimal dosage depends on the person (age,
gender, etc.) and the institution issuing the guide-
lines. However, different institutes and authorities
suggested different daily vitamin D supplemen-
tation doses. For instance, The Institute of Med-
icine (IOM) recommends 400-800 IU of vitamin
D per day for children, adults and people over 70
to keep the vitamin D in the serum at >50 nmol/
121122 Alternatively, the Endocrine Society (ES)
recommends a slightly higher intake with doses
of 400-1,000 IU vitamin D per day for infants,
600-1,000 IU vitamin D per day for children and
1,500-2,000 IU vitamin D per day for adults to
achieve vitamin D concentrations of 75 nmol/l in

7763
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serum'?. These recommendations correspond to a
review from 2004'?*, which states that 70 nmol/l
is the lowest acceptable serum concentration to
avoid adverse health effects. Other recommenda-
tions'?*!% suggest that the optimal values could
be between 90 and more than 120 nmol/l. These
are estimates based on people who live in very
sunny surroundings'® and examinations that have
shown that the lower extremities are functioning
optimally'”'. The serum concentration should be
at least 50 ng/ml to protect athletes from acute and
chronic diseases’".

There is increasing evidence'® that 600-800
IU of vitamin D per day may not be sufficient for
optimal vitamin D levels, especially for athletes.
It has been suggested that 25(OH)D serum con-
centrations >100 nmol/l are optimal for the lower
extremities’ skeletal muscle functionality'™. So
far, however, the effects of vitamin D supplemen-
tation and skeletal muscle function in athletes with
25(OH)D levels >100 nmol/l have not been inves-
tigated in any study*’. Therefore, it is still rela-
tively unclear whether athletes could benefit from
25(OH)D levels > 100 nmol/l to increase skeletal
muscle function and reduce the risk of stresgues

ciency requg
have the

KL)'. RANKL, in turn, stimu-
mineralization and bone resorption through
coclastogenesis. Increased concentrations of
H)D can accelerate this process, leading to

an 1 ase in the calcium concentration in the

blood, a higher rate of absorption of calciym by
the kidneys, possibly kidney stones ag
calcification of the blood vessels'

vitamin D toxicity could occur a

tive studies have anal
D intoxication in hu

ported at
nmol/l,

. 3. These dosages can increase aero-
c capacity, muscle growth, strength and energy
production, decrease post-exercise recovery time,
and improve bone density®. If such a treatment
effect exists, the most significant performance im-
provements will probably occur in those with the
lowest levels. A significant improvement in ath-
letic performance may occur when levels increase
from 15 to 30 ng/ml, but minor improvements
will occur when levels increase from 30 to 50 ng/
ml’”!. However, human studies on recovery, aero-
bic capacity, strength, and sprint performance in
athletes with different sports/performance levels
have shown controversial results. Both a deficien-
cy (12.5 to 50 nmol/l) and a high vitamin D level
(>100 nmol/l) can have adverse side effects and
possibly increase mortality'®’. Therefore, main-
taining optimal serum levels between 75 and 100
nmol/1"*'** and ensuring balanced and adequate
levels of essential nutrients, including vitamin
K, are critical to health and performance. Doc-
tors and caregivers should recommend that their
athletes have their plasma 25(OH)D measured
to determine whether supplementation is neces-
sary'*®. For bones to stay healthy, athletes need to
eat enough, do strength training, and have a high
enough intake while paying attention to vitamin
D and calcium'?’. Multiple controlled trials'4®!#!
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have suggested that a dose of 4,000-5,000 IU of
vitamin D, could be a safe dose to improve ath-
letic performance as it was shown to be positively
correlated with preserving bone, decreasing the
risk of injury, and maintaining 25(OH)D levels'*,
while enhancing skeletal muscle recovery'*'.
Additionally, vitamin D3 supplementation may
be effective in reducing the symptoms of upper
respiratory tract infections during winter train-
ing'*. After all, no study in the athletic population
has increased serum levels of 25(OH)D above 100
nmol/l (optimal range for skeletal muscle func-
tion) at doses of 1,000 to 5,000 IU per day. There-
fore, future studies should investigate the physio-
logical effects of higher doses (5,000 IU to 10,000
IU per day or more) of vitamin D, combined with
different doses of vitamin K, and vitamin K, in
the sports population to achieve the optimal dos-
ages to maximize performance.
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