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Abstract

This randomized controlled trial aimed to test whether vitamin D (VD) supplementation affects
measures of physical performance in VD-insufficient mildly trained children. Thirty-six
recreationally soccer player boys were randomly assigned to single dose (200,000 IU) of VD3
(n=19) or placebo (n=17). Plasma 25-hydroxyvitamin D (25-OHD) was assessed and measures of
physical performance (i.e. vertical and standing broad jumps, triple hop, 10-m and 30-m sprints,
shuttle run) were performed before and 12 weeks after the loading dose. Mixed ANCOVA models
were performed and effect size was estimated by partial eta squared (n,2). Baseline 25-OHD and
physical variables were equivalent in the two groups. Twelve weeks after VD loading, plasma 25-
OHD increased and physical variables improved in VD group, only. There was a significant
interaction effects for group by time for vertical jump (F=14.9, p=0.001, 1n,?>=0.394), triple hop
jump (F=24.2, p<0.001, n,>=0.513), 10-m (F=4.46, p=0.046, n,°>=0.162) and 30-m (F=6.56,
p=0.017, 1,?>=0.222) sprints, and shuttle run (F=13.4, p=0.001, 1,>=0.369). In conclusion, a single
bolus of VD3 resulted in significant improvements in jumping ability, agility, and running speed in
VD-insufficient mildly trained children. The findings suggest that correcting VD deficit might be

beneficial for physical performance.

Novelty bullets
¢ A mega dose of vitamin D3 improves jumping ability, agility, and running speed in VD-

insufficient mildly trained children

e Effect of vitamin D on measures of physical performance is noticeable three months after
the loading dose
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Résumé

L'étude visait a tester I’effet de la supplémentation en vitamine D (VD) sur la performance physique
d’enfants insuffisants en VD et de faible aptitude physique. Trente six garcons pratiquant le football
comme activité récréative ont été randomisés a une méga-dose (200 000 UI) de VD3 (n=19) ou un
placebo (n=17). La 25-hydroxy-vitamine D plasmatique (25-OHD) a été dosée et des mesures
physiques ont été effectuées avant et 12 semaines apres la charge en VD. Des modeles d'ANCOVA
mixte ont été appliqués et ’ampleur de l'effet a été estimée par I’indice éta carré (np?). La 25-OHD
et les variables physiques de base étaient comparables dans les 2 groupes. En post charge, la 25-
OHD était plus élevée et les variables physiques ont été améliorées dans le groupe supplémenté. Un
effet d'interaction groupe-temps a été observé pour le saut vertical (p=0,001; np>=0,394), le triple
saut (p<0,001; np>=0,513), la course de 10-m (p=0,046; np>=0,162) et de 30-m (p=0,017;
np>=0,222) et la course navette (p=0,001; np>=0,369). En conclusion, une dose de charge en VD3 a
entrainé une amélioration du saut, de la vitesse et de l'agilité chez ces enfants. Ces résultats

suggerent que la correction d’un déficit en VD serait bénéfique pour la performance physique.

Nouveautés

* Une méga dose de vitamine D3 améliore le saut, 1’agilité et la vitesse chez 1’enfant insuffisant en

vitamine D ayant un faible niveau d’aptitude physique

* L’effet de la vitamine D sur les mesures de la performance physique est perceptible trois mois

apres la dose de charge

Mots clés

calcitriol, enfant, performance physique, sport, supplément alimentaire, vitamine.
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Introduction

Vitamin D (VD) is considered as a key factor in establishing musculoskeletal health during
childhood and adolescence (Saggese et al. 2015). Being involved in the regulation of transcription,
gene expression and metabolism in skeletal muscle (Ceglia 2008; Boland 2011), VD may play a
role in muscle function and could affect measures of physical performance (Hamilton et al. 2013;
Koundourakis et al. 2014; Dahlquist et al. 2015). Evidence from transversal studies suggests that
poor VD status negatively affects musculoskeletal health and physical performance (El Hajj
Fuleihan et al. 2006; Ward et al. 2009, Close et al. 2013a; Hamilton et al. 2013, Koundourakis et al.
2014). In earlier studies, we showed that hypovitaminosis D is common (Bezrati et al. 2016a) and
associated with reduced force trunk, jumping ability, agility and running speed (Bezrati et al.
2016b) in Tunisian young amateur soccer players. A number of trials tested effect of VD
supplementation on physical performance, leading to inconsistent findings (Close et al. 2013a;
Close et al. 2013b; Barker et al. 2013; Wyon et al. 2014; Shanely et al. 2014; Owens et al. 2014;
Wyon et al. 2015; Dubnov-Raz et al. 2015; Jastrzebska et al. 2016; Todd et al. 2017; Jastrzebska et
al. 2018; Fairbairn et al. 2018, Jung et al. 2018). Discrepancies are likely due to considerable
variation between studies in modalities of supplementation, characteristics of participants, and the
measures of physical performance investigated. Actually, physical performance in an individual
depends on various muscle parameters, namely strength, speed, power, endurance, and balance,
which could be more or less influenced by VD. Since VD affect type II fast-twitch fibers (van der
Meijden et al. 2016), which are essential for explosive exercise, it would mainly impacts muscle
power. Almost all previous trials were conducted in adults or youths, generally highly trained
athletes, but no study has been conducted in children. We hypothesized that the impact of VD on
physical performance, if any, would be more noticeable when VD is provided at high doses for
individuals with poor VD status and low physical aptitude, who have a great potential for physical
progress. We therefore designed an interventional study in order to test whether a single mega-dose
of vitamin D3 (VD3) have an impact on muscle power measures (i.e. jumping, sprint, agility) in

VD-insufficient mildly trained children.

Methods

Study design and setting

A double-blind randomized, placebo-controlled trial was conducted among children attending two
football academy centers. The study took place in Tunis city (latitude 36° N), where the sun shines
almost all year round. It was conducted during winter, when sunshine time is the shortest (around
10 hours) and sun's rays are the weakest of the year. During this season, children’s sun exposure

was feeble, even in sunny days, since they are wearing clothes covering the body and limbs.
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Subjects

Children attending the two centers were invited to participate in the study. Criteria for eligibility to
be enrolled were male gender, age from 8 to 15 years, plasma 25-OHD<20 ng/mL and parental
approval. Children with acute or chronic disease, those under therapy or taking supplements, and
those who refused blood collection were not included. An independent investigator allocated
participants to a VD or placebo group using a 1:1 allocation. This investigator blinded the
supplements and dispensed to the participants either VD3 (one vial of 1 ml of solution containing
200 000 TU VD3, Boucharra Ricordatti) or placebo (one vial of 1 ml of distilled water for
intramuscular injection). Supplements were prepared in numbered cups containing 150 ml of
packaged orange juice identical in their appearance. Participants and researchers were also blinded
to the allocation until the completion of the study. Medical history, eating practices and daily tasks
were collected from each participant jointly with one parent/guardian, allowing estimation of
nutritional intake and physical activity level. Anthropometric, physical and biological evaluations
were performed at baseline and 12 weeks post-intervention. A sample of urine was collected 7 days
post-loading for urinary calcium and creatinine analysis. Children sustained their usual tasks, eating
practices and physical activities during the study. Participants in both groups underwent the same
physical program with two 40-min football-training sessions in academy and one session of school-
based physical education, weekly. The protocol was approved by the Ethical Committee of Rabta
Hospital and informed written consent was obtained from all children’s parents or guardians. Of
166 eligible participants, 40 boys met inclusion criteria, and were admitted into the study. Only 36
participants completed the study; four children (one in the VD group and three in the placebo
group) dropped out due to personal reasons (Figure 1).

Height and body mass were measured and body mass index (BMI) was calculated.
Participants were divided according to the WHO child growth standards for BMI in three groups;
normal-weight group (BMI<85™" percentile), overweight group (85 percentile<BMI<97"
percentile) and obese group (BMI>97™ percentile) (WHO, 2012). Triceps and subscapular skinfolds
were measured using Harpenden’s skinfold calipers (Baty International, West Sussex, England),
and body fat percentage was calculated using the equation by Slaughter et al. (1988). Fat mass
excess was considered as being fat percent above 26%. Biological maturity was assessed by
incorporating anthropometric variables (weight, standing height, and sitting height) and peak height
velocity (PHV) was calculated (Mirwald et al. 2002). The assessment predicts the time from peak
height velocity as a measure of maturity offset. Maturity offset values of “~17, “0”, and “+1”
represent one year before, at the time of, and one year after maturity, respectively. A three-day food

record (including two week days and one week end day) was collected in the presence of one parent
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and nutrient intake was processed using NutriPro7 software (CERDEN, Brussels, Belgium). Fasting
venous blood samples were collected in heparinized tubes. After centrifugation at 2000 g for 20
min, plasma was frozen at - 40°C until analysis (within 3 months). Plasma 25-OHD concentrations
were assessed by a chemiluminescence immunoassay method using a Liaison analyzer (DiaSorin
Inc., Stillwater, MN) and the respective reagents kit. Urinary calcium and creatinine were analyzed
using conventional methods on an Architect C8000 analyzer and the respective reagents Kkits
(Abbott Diagnostics, Abbott Park, II).

Physical performance was investigated by a battery of physical tests, which were supervised
by two experienced investigators (IB and RH), and the children’s coaches. Jumping ability was
assessed by vertical jump, standing broad jump, and triple-hop tests. Running speed was evaluated
by sprint times for 10 m and 30 m, and agility was evaluated with the 4x9-m shuttle run test. Prior
to the beginning of the study, all participants were familiarized with physical tests. Before
assessments, participants performed a warm-up session that included light jogging and stretching
for ten minutes. Physical measures were performed using techniques, experimental procedures and
equipment as previously described (Bezrati et al. 2016b).

Statistical analysis

Statistical analysis was performed using SPSS 18.0 software for windows (SPSS Inc,
Chicago, 1I1). Between-group comparison of variables at baseline was conducted using t-tests for
independent samples. Two-way mixed ANCOVA models were applied (with time as within-
subjects factor and supplementation as between-subjects factor) to examine the interaction effect for
group by time for physical variables. Covariates were age, total energy and VD dietary intakes
(continuous variables), and BMI category (normal-weight/overweight/obesity), fat mass class
(normal/excess) and PHV class (before/at/after). If a significant interaction was detected, dependent
sample t-tests between pre- and post-values in each group were applied. Partial eta-squared (n,?)
was used to estimate the effect size (Cohen 1973). Effect size was considered small, medium, or
large for a m,? value of 0.01, 0.06 and 0.14, respectively (Sink and Mvududu 2010). A p-value

<0.05 based on two-sided calculation was considered significant.

Results

At inclusion, no differences were found between VD and placebo groups for age, BMI, body
fat, biological maturity, total energy and VD intakes, and plasma 25-OHD concentration (Table 1).
As well, baseline physical variables did not differ between the two groups (Table 2). Twelve weeks
after the loading, plasma 25-OHD concentrations increased in both groups. However, post-loading
values were significantly higher in the VD group (28.6+5.34 ng/mL vs. 19.3+4.87 ng/mL, p<0.001).

Individual changes in 25-OHD concentrations between pre- and post-test in the two groups are
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shown in Figure 2. There was a significant interaction effect for group by time for plasma 25-OHD
(F=34, p<0.001, 1,>=0.355). Physical variables, except standing broad jump, significantly improved
after the supplementation in VD group, only. Significant interaction effects for group by time were
found for vertical jump, triple hop test, 10-m and 30-m sprints, and shuttle run test (Table 2). No
other interaction effect for group by time was found. Magnitudes of change in physical variables in
both groups are shown in Figure 3. No adverse effects were reported, and post-loading urinary
calcium:creatinine ratio was within the normal range (<0.15) in all the participants.
Discussion

Consistent with our hypothesis, VD supplementation resulted in improvements in almost all
physical variables investigated. As expected, plasma 25-OHD levels increased in VD group, which
was associated with the improvement in physical variables. These findings suggest that correcting
VD deficit in mildly trained children could positively affect physical performance.
Data from cross-sectional studies suggest a beneficial role of VD in athletic performance (Ward et
al. 2009; Hamilton et al. 2013; Koundourakis et al. 2014; Bezrati et al. 2016). However,
interventional studies that tested effect of VD supplementation in athletes/active persons are
inconclusive. The studies showed either positive (Close et al. 2013a; Jastrzebska et al. 2014;
Jastrzebska et al. 2018; Wyon et al. 2014; Wyon et al. 2016), null (Close et al. 2013b; Owens et al.
2014; Dubnov-Raz et al. 2015; Jastrzebska et al. 2016; Todd et al. 2017) and mixed effects
(Fairbairn et al. 2018; Jung et al. 2018). Methodological issues such as inappropriate sample size,
confounders, differences in the form (VD2/VD3), dose, frequency (daily/weekly/single dose), and
duration of VD supplementation, as well as in measures and instruments employed for physical
assessment could explain such discrepancies. Characteristics of participants including age, initial
VD status and fitness level may also have influenced outcomes. Positive effects seem more likely to
occur in populations with poor VD status (Close et al. 2013a; Wyon et al. 2014; Jastrzebska et al.
2018; Jung et al. 2018). However, a null effect was also observed in such populations (Owens et al.
2014; Dubnov-Raz et al. 2015; Jastrzebska et al. 2016). On the other hand, the potential for a
dietary supplement to improve physical performance would be greater in untrained individuals than
highly trained athletes since the latter have well developed muscle strength and superior physical
performance. Even so, VD supplementation in highly trained athletes resulted in both positive
(Close et al. 2013a; Wyon et al. 2014; Wyon 2015), null (Close 2013b; Niemann 2013; Dubnov-
Raz et al. 2015; Jastrzebska et al. 2016; Todd et al. 2017) and mixed (Fairbairn et al. 2018; Jung
2018) effects on physical variables. As well, in mildly trained individuals, VD supplementation
resulted in either positive (Barker et al. 2013) and null (Owens et al. 2014) effects. According to the
form of VD, two trials using VD2 supplements (Niemann et al. 2013; Shanley et al. 2014) resulted
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in no significant effect on physical variables, which corroborate the assumption that VD2 is less
active than VD3 (Armas et al. 2004). It should however be noted that in these two studies, duration
of supplementation was short (6 weeks) and cumulated doses were low (25 000 and 160 000 IU). In
most previous studies, supplements were provided, daily or weekly, in the form of VD3 at a dose of
3000 to 5000 IU per day for 4 to 16 weeks, with a cumulated dose ranging from 140 000 IU to
840 000 TU. Yet, VD3 supplementation resulted in both positive and null effects, and no clear
relationship was established between cumulative dose of VD and physical measures. Positive
effects were observed with doses of 168 000 IU (Barker et al. 2013) and 280 000 IU (Close 2013a;
Jastrzebska et al. 2018), and null effect was found with doses of 140 000 IU (Close et al. 2013b) as
well as with doses of 840 000 IU (Owens et al. 2014). Finally, mixed results (positive effect for
some variables and null effect for others) were observed with doses of 140 000 IU (Jung et al. 2018)
and 300 000 IU (Fairbairn et al. 2018). Only one previous trial applied a single bolus of VD3
(150 000 IU) and demonstrated a beneficial acute effect (one week post-loading) on muscle strength
in highly trained athletes (Wyon et al. 2015). Considering the diversity of muscle parameters
measured, no consensus has emerged that one parameter improves more than others in
athletes/active individuals. Actually, VD supplementation resulted in both positive and null effects
on muscle strength, force, jumping ability, as well as aerobic fitness. Table 3 summarizes data of
randomized trials testing effects of VD supplements on physical performance in athletes/active
subjects. Inconsistency in literature suggests that if VD has an impact on physical performance, its
effect should be modest and not decisive. Response to VD supplementation may depend on a
combination of interrelated factors among which baseline VD status, level of fitness of participants
and cumulated dose administrated as well as the physical variable measured could be of importance.
The present study was conducted in individuals characterized by poor VD status, young age, low
physical performance, and a high potential for physical progress. Supplements were provided as a
single bolus of VD3. This method was shown to be safe and efficient to achieve and maintain
adequate VD status over months (Mallet et al. 2010; Shepherd et al. 2015). It also has the advantage
of avoiding incorrect dosage and poor compliance, which could likely occur in children in a
sustained low-dose regimen. Participants were seemingly physically active since they are engaged
in sports. However, they practiced football as a leisure activity and their practice was generally
recent, irregular and far from intense. Apart from two to three sessions of training in the academy
and school, the children engaged in few other forms of physical activity. They spent most of their
leisure activities watching TV or playing with digital devices and could, therefore, be considered
sedentary or mildly active children. The study was conducted during winter, when sun exposure and

endogenous VD synthesis are low, which is supposed to make supplementation more efficient.
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However, by the end of follow-up (during February), temperatures were warmer and sunrays were
intense, which could explain why plasma 25-OHD concentrations also increased in placebo group.
The role of VD in muscle function has long attracted attention. VD deficiency was closely
associated with muscle atrophy of type II fast-twitch fibers, resulting in reduced muscle function,
and VD supplementation improved muscle strength and power in VD deficient animals and humans
(Endo et al. 2003; Al-Said et al. 2009; Sinha et al. 2013). A number of molecular mechanisms by
which VD may control muscle cell have been revealed. Effects may be direct or indirect, rapid or
delayed, involving VDR-dependent or independent mechanisms, and genomic or non-genomic
pathways. At molecular level, VD controls expression of multiple proteins involved in calcium
signaling and handling as well as phosphate-dependent metabolic processes including ATP and
creatine phosphate synthesis in muscle cells (Berchtold et al. 2000; Schubert and DeLuca 2010). In
that way, VD triggers contraction and relaxation, maintains structural integrity, regulates energy
metabolism, and influences the development and differentiation of the muscle. VD also exerts direct
effects on muscle cell via the regulation of expression of contractile proteins and myogenic
transcription and growth factors (Endo et al. 2003; Garcia et al. 2013), thus influencing muscle
development, plasticity and strength, as well as regeneration and neovascularization after injury.
VD also controls muscle cell metabolism by releasing arachidonic acid from the cell membrane of
muscle cell (de Boland and Boland 1993), influencing caveolin-I, a scaffolding protein within the
membrane (Huhtakangas et al. 2004), increasing expression of insulin receptors (Zhou et al. 2008),
and enhancing oxygen consumption and mitochondrial biogenesis in skeletal muscle cell (Sinha et
al. 2013; Ryan et al. 2016). There is increasing evidence that VD interconnects muscle and bone.
The fact that VD deficiency and abnormal VD signaling result in concomitant defects in the
musculoskeletal system suggests an integrated role of VD in muscle/bone health. Potential
mechanisms may relate to effects of VD in the expression of myokines and osteokines such as
osteocalcin, sclerostin, IL-6, FGF23 and myostatin (Dawson-Hughes et al. 2014). Pojednic and
Ceglia (2014) showed that VD decreases the expression of myostatin, a negative regulator of
muscle mass (Lee and McPherron 2001) while stimulating the formation of follistatin and IGF-2,
which positively regulate muscle mass (Barbé et al. 2015). The roles of VD in muscle function have
been the subject of excellent revues (Ceglia 2008; Bartoszewska et al. 2010; Girgis et al. 2013;
Girgis et al. 2014; Gunton et al. 2015). While several mechanisms have been revealed, further
investigations are needed to fully elucidate the mechanisms and pathways involved in VD muscle
cell control. At macroscopic level, VD supplementation resulted in an increase in muscle fiber size
(Ceglia et al. 2013; Girgis et al. 2014) and the proportion and size of type II fibers (Al-Said et al.
2009; van der Meijden et al. 2016). These fast-twitch fibers are closely associated with ability to
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perform explosive exercises such as sprints, jumps, rapid changes of movement (Koundourakis et
al, 2016), which are investigated in the present study.

Biological maturity and body composition, as well as energy and VD intakes could be
confounding factors for physical performance in children and adolescents. It is unlikely that these
factors influenced our results since they did not differ between VD and placebo groups; the majority
of children were far from maturity. Moreover, positive effects of VD supplementation on physical
variables are found while adjusting for these factors. A role of training in the differences between
the groups is also unlikely since participants in both groups underwent the same training program
and developed similar physical tasks.

In this study, we investigated multiple facets of physical performance using validated
physical tests. Conclusions derive from a multivariate analysis adjusting on key potential
confounders for physical performance. No power analysis was performed prior to the study.
However, effect size was large for almost all physical variables investigated, which corroborates the
accuracy of the findings. The study has limitations that should be acknowledged. Physical measures
were achieved 12 weeks post-loading and no evaluation was completed earlier after the loading.
While plasma 25-OHD peaks after 2 to 4 weeks after the bolus, more time may be required for
tissue stores to be refilled. A single mega dose of VD3 was shown to maintain optimal circulating
25-OHD over few months in children (Mallet et al. 2010; Shepherd et al. 2015). Also, since VD
mainly acts through genomic pathways, effects would require some time to be perceptible. Finally,
we had to space the two blood sampling to ensure adherence of the children and parents to the
study. Actually, the study looked for the medium-term effects rather than the acute effects of VD.
Biological maturity was assessed based on estimated age from PHV, but not on Tanner stage. Level
of physical activity was estimated by the means of questionnaire, which is not as precise as when
determined using an accelerometer. Body fat was evaluated based on skinfold measure, which is
less accurate than DEXA and MRI. These methods are efficient, but are costly and less available.

In conclusion, we demonstrated beneficial effects of a bolus of VD3 on selected physical
variables in VD-deficient mildly trained children during the winter months. Considering the
potential role of VD in musculoskeletal function and in health, resolution of VD deficit may have
an impact on improving physical performance. Although the study focused on children practicing
sport as a leisure activity and not athletes, we suggest that returning active people/athletes to
adequate VD status could optimize physical performance. Further research is required to determine

adequate serum 25-OHD levels and optimal supplementation methods in athletes.
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Table 1. Baseline characteristics of study participants in vitamin D and placebo groups

Placebo group  Vitamin D group p*

Appl. Physiol. Nutr, Metab.
Downloaded from www.nrcresearchpress.com by Univ of Massachusetts on 10/20/19. For personal use only.

(n=17) (n=19)
Age, years 10.8£12.2 10.742.15 0.840
Body mass index, kg/m? 18.7£5.01 18.8+4.33 0.774
Fat mass, % 20.9+£9.62 21.1£7.02 0.668
Peak height velocity, years -2.87+1.72 -2.61+1.99 0.673
Body mass index, kg/m? < 85™ percentile 47.1 42.1 0.750
85t-97th percentile 29.4 42.1
> 97t percentile 23.5 15.8
Fat mass,% Normal 70.6 68.4 0.588
Exceeded 29.4 31.6
Biological maturity (PHV)? -1 76.5 78.9 0.984
0 17.6 15.8
+1 5.9 53
Total energy intake, Kcal/day 21354341 2086292 0.671
Vitamin D intake, ug/day 4.34+1.31 4.45+0.85 0.324
25- hydroxyvitamin D, ng/mL 12.1£3.93 12.4£3.49 0.801

Values are means = SD or percent; PHV, peak height velocity, 2, “-1”, “0”, and “+1” represent one
year before, at the time of, and one year after maturity, respectively; *, comparisons were

performed using t tests for independent samples or chi-squared tests.
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Table 2. Physical variables at inclusion (PRE) and 12 weeks after loading (POST) in vitamin D and

placebo groups

Placebo group

Vitamin D group

Interaction

(time*group) ®

(n=17) (n=19)
PRE POST? PRE POST? F M2
Vertical jump, cm 11.5£14.0  11.4+12.3 11.4+13.9  11.9+10.1%* 14.9%  0.394
Standing broad jump, cm 158+3.39 156+3.06 156+2.66 154+2.31 0.03 -
Triple-Hop, cm 400+58.8 396+52.1 398+51.8  419+£53.0* 24.2% 0.513
10-m sprint, sec 2.44+0.48  2.39+0.46 2.45+0.48  2.23+0.40% 4.50%  0.162
30-m sprint, sec 5.1740.30  5.15+0.32 5.21+0.34  5.09+0.38* 6.56  0.222
Shuttle run, sec 6.58+0.59  6.54+0.61 6.59+0.67  6.44+0.66* 13.4%  0.369

Data are expressed as mean + SD; 1,2, partial eta squared; ?, comparison to respective pre-test value

using paired t test (*, p<0.01); ®, interaction was tested using two-way mixed ANCOVA models

adjusting on age, total energy and VD dietary intakes, and BMI, fat mass and PHV classes (7,

p<0.05; #, p<0.01)
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Table 3. Randomized controlled trials on the effect of vitamin D supplementation on physical performance in athletes/physically active subjects
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Fist author, year  Participants Age, 25-OHD, Dosage VD3, Effect on measures of physical performance
years ng/mL Duration
Close 2013 10 UK soccer players 18.0+5.0 70%, <20 5000 TU/d, 8 wks Increase in 10-m sprint time and vertical jump height
Close 2013b 30 club-level athletes 21.3+1.3 57%, <20 20 000 IU/wk, 12 wks  No significant changes in bench press and leg press and vertical jump
40 000 IU/wk, 12 wks  height

Barker 2013 28 active adult males 30.54£5.5 50% <30 4000 IU/day, 6 wks Increase in muscle strength recovery post-exercise

Niemann 2013 28 NASCAR pit crew 38.8+1.9 40.742.10 3800 IU VD2/day, No significant effect on leg-back and hand grip strength, body weight
athletes 6 wks bench press to exhaustion, vertical jump and 30-s Wingate test

Wyon 2014 24 elite ballet dancers 28.8+£5.13 75%, <30 2000 IU/day ,16 wks  Increase in isometric strength and vertical jump

Owens 2014 29 healthy young males 22.7 +3.0 16+6.8 10000 IU/day, 12 wks  No significant changes in isokinetic muscle force

Shanely 2014 50 young male athletes  16.2 +0.2 All, <30 600 IU VD2/day, 6 wks No significant changes in vertical jump height and leg/back strength

Wyon 2015 22 judoka athletes 29 6+10.6 ND 150 000 IU, Positive effects on isokinetic muscle force (evaluation occurred after 8

Single dose days from VD bolus)

Dubnov-Raz 2015 53 young trained ND All, <30 2000 IU/day, 12 wks ~ No significant changes in swimming performance at several speeds,
swimmers arm-grip strength, and one-legged balance

Jastrzebska 2016 42 trained soccer 17.5+0.6 ND 5000 IU/day, 8 wks No significant change in 5, 10, 20, and 30 m running speed, squat
players jump and countermovement jump heights

Todd 2017 42 Gaelic footballers 20.0£2.0 72%., <20 3000 IU/day, 12 wks ~ No change in VO2max, vertical jump height, and handgrip strength

Jastrzebska 2018 36 trained soccer players 17.5+0.6 All, <20 5000 IU/day, 8 wks Moderate improvement inVO2max

Fairbairn 2018 57 professional rugby 21.0£2.8 All, > 30 50 000 TU/15 day, Increase in weighted reverse-grip chin up, but no significant changes
men 12 wks in 10-m and 30-m-sprint times, intermittent exercise recovery test

performance, and predicted bench pull and bench press
Jung 2018 35 tackwondo athletes 19-22 All, <20 5000 1U/d, 4 wks Increase in peak power and isokinetic knee extension, but no changes

in countermovement jump test, agility test, and 20-m sprint

ND, not determined; VD, vitamin D



Page 21 of 24

Appl. Physiol. Nutr, Metab.
Downloaded from www.nrcresearchpress.com by Univ of Massachusetts on 10/20/19. For personal use only.

Figure captions

Figure 1. Study participants flow chart

Figure 2. Individual changes in 25-hydoxyvitamin D concentrations between pre- and post-

tests in vitamin D and placebo groups

Figure 3. Comparative change between pre- and post-tests in selected physical variables in

vitamin D and placebo groups
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Figure 3. Comparative change between pre- and post-tests in selected physical variables in vitamin D and
placebo groups



