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INTRODUCTION
The activated form of vitamin D (1,25-dihydroxyvitamin D, or cal-
citriol) exerts its biological effects by binding to the nuclear vitamin D 
receptor (VDR), which is present in most human extraskeletal cells, 
organs, and systems, including skeletal muscles. The effects of VDR 
are exerted through the genomic and non-genomic pathways. The 
non-genomic effects appear to be rapid, and research has pointed 
to a prominent role of 1α,25(OH)2D in stimulating signalling path-
ways, including the PI3/Akt and mitogen-activated protein kinase/
extracellular signal related kinase (MAPK/ERK) pathways, enhanced 
stimulatory effects of leucine and the promotion of myogenic and 
angiogenic growth factors [1]. The genomic effects rely on heterodi-
merisation of the calcitriol complex with retinoic x receptor (RXR) 
acting on vitamin D response elements (VDREs). Vitamin D affects 
cell proliferation and differentiation, and the transport of calcium and 
phosphate across muscle cell membranes, while modulating phos-
pholipid metabolism [2]. Calcitriol signalling alters the expression of 
myotubular sizes, indicating a direct positive effect on the contractile 
filaments and thus muscle strength, while it prevents muscular de-
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generation and reverses myalgia. Vitamin D also accelerates muscle 
recovery from the stress of intense exercise [3].

These phenomena result in the stimulation of protein synthesis 
in the muscles and an increased number of type II myocytes, and 
may therefore contribute to improvements in muscle contraction, 
growth, and regeneration following damage [4-5]. Vitamin D-medi-
ated induction of muscle protein synthesis and myogenesis results 
in muscle of higher quality and quantity, which is translated into 
increased muscle strength since there is a linear association between 
muscle mass and strength. Hypertrophy of type IIB muscle fibres 
results in enhanced neuromuscular performance. These types of fibre 
are major determinants of the explosive type of human strength that 
results in high power output. It is of note that type II muscle fibres 
induce fast contraction velocity and higher force compared to type I 
muscle fibres. Therefore, anaerobic maximal intensity short-burst 
activities, such as jumping, sprinting, acceleration, deceleration and 
change of direction, which are of crucial importance for the major-
ity of athletic events, are closely related to type II muscle cells [5-6].
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Serum calcium was determined by colorimetry using the Konelab 
60 system from bioMérieux (France). The intra- and inter-assay CVs 
were 1.4% and 1.95%, respectively, and the limit of detection was 
0.36 mmol/l (1.4 mg/dl).

Testing of muscle torque of the lower limbs in isokinetic conditions
Lower limb strength was tested with the Biodex Multi-Joint 4 Iso-
kinetic Dynamometer (Biodex Medical System, New York, USA).

Peak torque (PTQ) and total work (TW) of the right (R) and left (L) 
knee flexors (F) and extensors (E) were determined on a station for 
isokinetic studies. The measurements were taken between 12.00 pm 
and 2.00 pm, and involved flexors and extensors of the knee.

Prior to each test, the chair, the dynamometer and the unit prop-
er were adjusted in such a way that the dynamometer tip was in the 
axis of rotation of the examined joint. The ranges of flexion and exten-
sion were the same for all the subjects at 90° (S 0-0-90), and the 
measurements were corrected for gravitation. The thigh and pelvis 
of the examined athlete were stabilised with belts fixed to the chair 
in order to eliminate movements in the adjacent joints. The baseline 
position was set as the maximum flexion of the knee joint. Before 
the testing, the subject was immobilised in such a way as to isolate 
the movement in the examined joint and to make it impossible for 
the subject to support this movement with other body parts.  
The rotation axis of the measuring head was also set so as to overlap 
with the rotation axis of the joint. During the test, the level of the 
maximum moment of force and the total work at two different angu-
lar velocities were determined. The aim was to trigger the highest 
force in the shortest time.

Each measurement was preceded by a warm-up consisting of two 
stages. Before the testing the judoist did a warm-up individually, 
while additionally, the measurements were preceded by a series of 
15 repetitions done at the testing station at ω=180°/s and with any 
degree of subject involvement in this exercise. During the main part, 
the moments of force were determined at ω=60°/s when the subjects 
made 5 movements and at ω=180°/s with 15 repetitions. The tests 
were separated by a 60-second break.

In their review, Podjednic and Ceglia [7] reported that vitamin D 
suppresses the expression of myostatin, a negative regulator of 
muscle mass, while up-regulating the expression of follistatin and 
insulin-like growth factor 2. Calcitriol signalling has additionally been 
reported to alter the expression of myotubular sizes, indicating a 
direct positive effect on the contractile filaments and thus muscle 
strength, and to accelerate muscle recovery from the stress of intense 
exercise [5].

Low vitamin D levels stimulate PTH production, and PTH could 
have direct effects on skeletal muscle. PTH may induce muscle 
catabolism, reductions in calcium transport (calcium–ATPase activ-
ity) impairment of energy availability (reduction in intracellular phos-
phate and mitochondrial oxygen consumption) and the metabolism 
(reduction in creatinine phosphokinases and oxidation of long-chain 
fatty acids) in skeletal muscle [8].

In line with the Endocrine Society guidelines, the normal range 
for serum levels of 25(OH)D was defined as 30–60 ng/ml, vitamin D 
insufficiency was defined as serum levels of 21–29 ng/ml and vita-
min D deficiency as serum levels below 20 ng/ml [9]. It should be 
noted that vitamin D deficiency in athletes may cause deficits in 
strength and in balance, and atrophy and fatty degeneration of type 
II muscle fibres, and negatively impacts the recovery from damaging 
exercise [4].

The available literature contains reports on the relationship be-
tween 25(OH)D levels and muscle strength in athletes, although 
these relationships are inconclusive [10-13].

The aim of our study was to assess the relationship between 
25(OH)D levels and hand grip strength, lower limb isokinetic strength, 
and muscle power in elite judoists.

MATERIALS AND METHODS 
Subjects
We enrolled 25 elite Polish judoists, representatives of the Polish 
National Team. Participants’ characteristics are shown in Table 1. 
The study was conducted in January in Wroclaw, Poland, which is 
situated at the latitude of 51°10′ N. The competitors trained indoors. 
All the judoists were in the general preparation period and all had 
similar exercise loads which the athletes performed at the mean 
level of 75% VO2max. None of the subjects used any food supplements 
containing vitamin D or calcium.

Blood testing
Blood sampling was carried out at 8.00 am after a 12-hour fast and 
a 24-hour period without training. Serum was separated and stored 
at –70°C.

Serum levels of 25(OH)D and parathormone (PTH) were measured 
by electrochemiluminescence (ECLIA) using the Elecsys system 
(Roche, Switzerland). For 25(OH)D, the intra- and inter-assay coef-
ficients of variation (CVs) were 5.6% and 8.0%, respectively, and 
the limit of detection was 4 ng/ml (10 nmol/l). The respective values 
for PTH were: 4.5%, 4.8% and 1.20 pg/ml (0.127 pmol/l).

TABLE 1. Participants characteristics.

Mean±SD (n=25)

Age [years] 21.9±9.8

Body weight [kg] 79.1±8.7

Height [cm] 179.2±6.6

Career duration [years] 11.5±3.9

25(OH)D [ng/ml] 17.4±5.2

PTH [pg/ml] 28.9±9.8

Calcium [mmol/l] 2.4±0.4
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During the testing, special attention was paid to the sufficient 
motivation of the study subjects, so that the results represented the 
actual maximum they could achieve.

Hand grip strength testing
Hand grip strength measurements in each subject were taken with 
a manual dynamometer (TAKEI, Japan) at a resolution of 0.1 kg and 
an accuracy of 0.5 kg. Prior to testing, each subject was instructed 
on the correct performance of the measurements. Each subject was 
asked to comfortably hold the dynamometer with their fingers and 
palm tight on the device. They then lowered their upper limb along 
the trunk, while keeping a certain distance, so that neither the elbow 
nor the hand touched the body, and gripped the dynamometer using 
maximum muscle power. Throughout the test, subjects were asked 
to stand with their feet apart and the other upper limb freely along 
the body. The measurements were taken in kilograms (kg).

Vertical jump
The maximum power of the lower limbs was determined by the 
vertical jump test using the electronic jump matt OptoJump (Micro-
gate, Bolzano, Italy). Before the test, the subjects performed a 20-min-
ute warm-up involving five vertical jumps. The test comprised three 
maximal vertical jumps without arm swings (squat jump, SJ) and 
two with arm swings (countermovement jump, CMJ). In the squat 

jump, subjects crouched down in a full squatted posture with knees 
close together and maximally flexed. After that, the knees and hips 
were extended to jump vertically off the ground with arms resting on 
hips. The countermovement jump was performed from un upright 
standing position with arms up. The vertical jump was preceded by 
a downward movement (countermovement phase) until attaining  
a full squatting posture with arms swinging back. In the propulsive 
phase of the jump, the knees and hips were extended and arms were 
swinging upwards. The resting period between the jumps was two 
minutes. Only the best (the highest) jump was used in the subsequent 
analysis.

Ethical approval
The study was approved by the Bioethics Committee of the Univer-
sity School of Physical Education, Wrocław, Poland, resolution num-
ber 18/2013.

Statistical analysis
Statistical analysis was conducted with PQStat ver. 1.6. The relation-
ship between serum 25(OH)D levels and the hand grip strength, 
vertical jump, isokinetic variables, and PTH levels were assessed 
using the Pearson correlation coefficient. P values of ≤ 0.05 were 
considered statistically significant.

TABLE 2. Muscle function tests.

Mean±SD (n=25)

Hand grip strength (R) [kG] 52.7±6.5

Hand grip strength (L) [kG] 51.9±7.3

SJ [cm] 36.7±4.3

CMJ [cm] 44.3±5.6

Muscle power – SJ [W/kg BW] 1146.5±143.7

Muscle power – CMJ [W/kg BW] 1277.4±179.5

Total work ext concentric (R) 60˚/s [J] 1051.7±190.8

Total work ext concentric (L) 60˚/s [J] 1064.5±144.1

Knee ext concentric R 60˚/s [N-M] 212.7±28.5

Knee ext concentric L 60˚/s [N-M] 211.3±24.3

Knee flex concentric R 60˚/s [N-M] 111.9±14.7

Knee flex concentric L 60˚/s [N-M] 108.2±13.3

Knee ext concentric R 180˚/s [N-M] 96.6±14.3

Knee ext concentric L 180˚/s [N-M] 93.5±12.4

Knee flex concentric R 180˚/s [N-M] 223.4±27.7

Knee flex concentric L 180˚/s [N-M] 224.4±22.6

SJ – squat jump, CMJ – countermovement jump, Ext: extension; Flex: flexion; R-right leg, L-left leg.
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correlations were revealed between vitamin D levels and the follow-
ing: right hand grip strength, vertical jump heights in the SJ and 
CMJ, and the power of jump in the CMJ (Table 3). There were also 
no statistically significant correlations between serum 25(OH)D lev-
els and the following: PTQ during extension and flexion of the lower 
limb at two different angular velocities, 60°/s and 180°/s (Table 4).

DISCUSSION 
The aim of our study was to assess the association between 25(OH)D 
levels and athletic performance in well-trained judoists. In our study, 
we evaluated the relationship between 25(OH)D levels and muscle 
strength, power and work in elite athletes. We found a statistically 
significant positive correlation between 25(OH)D levels and left hand 
grip strength. Our previous study, however, did not reveal any cor-
relation between vitamin D levels and this motor skill in football 
players [11]. Dubnov-Raz et al. [14], who investigated the relation-
ship between serum 25(OH)D concentrations and muscle strength 
in competitive male and female adolescent swimmers, also found no 
association between vitamin D levels and hand grip strength. It should, 

RESULTS 
The results of our study are presented in Tables 2-4 and Figures 1-4.

The mean serum 25(OH)D level was 17.4±5.2 ng/ml. Assuming 
serum 25(OH)D levels in the range of 30–50 ng/ml to be the phys-
iological norm [9], we found that 80.0% of the subjects had levels 
consistent with vitamin D deficiency.

The mean PTH and calcium levels were 28.9±9.8 pg/ml and 
2.4±0.4 mmol/l, respectively. Serum PTH levels were inversely cor-
related with 25(OH)D levels (r = -0.69, p≤0.009).

There was a statistically significant positive correlation between 
25(OH)D levels and left hand grip strength (Figure 1). There was also 
a statistically significant positive correlation between 25(OH)D levels 
and the power of vertical jump (SJ) per kg bodyweight (Figure 2).

A statistically significant positive correlation was also found be-
tween 25(OH)D levels and total work for both the right (r= 0.42, 
p≤ 0.05) and left (r= 0.44, p≤ 0.05) lower extremity during exten-
sion (60°/s) (Figures 3 and 4).

Table 3 provides the Pearson correlation coefficient values for the 
relationship between 25(OH)D levels and the study variables. No 

FIG. 1. Correlations between 25(OH)D levels and left hand grip 
strength in athletes. 

FIG. 3. Correlations between 25(OH)D levels and total work during 
extension of the right lower limb (60°/s) in athletes. 

FIG. 2. Correlations between 25(OH)D levels and muscle power 
(SJ) in athletes. 

FIG. 4. Correlations between 25(OH)D levels and total work during 
extension of the left lower limb (60°/s) in athletes. 
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however, be noted that a judo fight requires a high left hand grip 
strength (especially in right-handed judoists). The training of a rep-
resentative of this sport discipline is aimed to obtain a high muscle 
strength, especially hand. An optimum level of this motor skill is 
necessary to be able to maintain the action for the required amount 
of time during a fight. This may have been one of the reasons for the 
correlation between 25(OH)D levels and hand grip strength in well-
trained judoists.

Our results showed a statistically significant positive correlation 
between 25(OH)D levels and the power of vertical jump (SJ) per kg 
bodyweight in athletes. Koundourakis et al. [15] also found a sig-
nificant positive correlation between vitamin D levels and SJ in foot-
ball players, measured in both the off-season transition period and 
at the end of the competition period. Based on the evidence, our 
findings indicate a possible effect of vitamin D on jumping ability and 
strength. The pathways through which vitamin D affects muscular 
power (as measured by SJ) is hypothetical. However, there are sev-
eral potential mechanisms conveying these effects. The effects of 
vitamin D might be related to the regulation of muscle protein syn-

thesis which could affect muscle mass due to the presence of vita-
min D receptors (VDRs) in muscle cells [16]. Moreover, vitamin D 
levels also affect its receptors at the expression and activation levels, 
thus affecting muscle mass, neuromuscular coordination, and the 
relative number and cross-sectional area of type II muscle fibres [17]. 
Since it is well documented that the major determinants of jumping 
ability are muscle strength, type II muscle fibres, and neuromuscular 
coordination, any potential effect of vitamin D on these parameters 
would in turn affect jumping capacity in a similar manner [15].

The analysis of our results showed a statistically significant posi-
tive correlation between 25(OH)D levels and total work measured in 
isokinetic conditions. This correlation was present for both the right 
and the left limb during knee extension at an angular velocity of 60°/s. 
The angular velocity of 60°/s is characteristic of the assessment of 
the strength and power of muscles that are primarily involved in 
strength and speed exercises. Hamilton et al. [18] reported that vi-
tamin D levels were not associated with lower limb isokinetic muscle 
function in soccer players, although those players with higher levels 
of 25(OH)D exhibited a significantly higher torque in hamstring and 
quadriceps muscle groups compared to those with lower vitamin D 
levels. Brannstrom et al. [19] found that serum level of 25(OH)D 
was significantly correlated with time to peak torque in knee extensors 
(90°/s) in young female soccer players. Wyon et al. [20] reported 
that 8 days of vitamin D supplementation (150 000 IU/day) had  
a significant effect on muscle function measured at 30°/s and 200°/s 
using an isokinetic dynamometer in male national level judoka ath-
letes. The existence of the relationship between 25(OH)D levels and 
total work may have been caused by the fact that the muscles which 
were assessed in isokinetic conditions may be affected by vitamin D 
deficiency [20].

CONCLUSIONS 
Our study revealed reduced levels of 25(OH)D in 80% of the elite 
judoists investigated compare to the recommended norm. It also 
showed a positive correlation between serum 25(OH)D levels on the 
one hand and left hand grip strength, muscle power measured in 
vertical jump (SJ), and total work measured in isokinetic conditions.

Based on the results of our study, we concluded that 25(OH)D 
levels should be monitored in well-trained athletes, especially in 
winter, and that in well-trained professional athletes there may be  
a relationship between serum levels of 25(OH)D and skeletal muscle 
strength, power and work.
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TABLE 3. Correlations between 25(OH)D levels on the one hand 
and hand grip strength and vertical jump in judoists.

25(OH)D [ng/ml] (n=25)
r

Hand grip right [kG] 0.22

SJ [cm] 0.27

CMJ [cm] 0.27

CMJ [W/kg BW] 0.32

SJ – squat jump, CMJ – countermovement jump.

TABLE 4. Correlations between 25(OH)D levels and absolute 
isokinetic peak torque in judoists.

25(OH)D [ng/ml] (n=25)
r

Knee ext concentric R 60˚/s [N-M] 0.39

Knee ext concentric L 60˚/s [N-M] 0.37

Knee flex concentric R 60˚/s [N-M] 0.05

Knee flex concentric L 60˚/s [N-M] 0.09

Knee ext concentric R 180˚/s [N-M] 0.39

Knee ext concentric L 180˚/s [N-M] 0.33

Knee flex concentric R 180˚/s [N-M] 0.15

Knee flex concentric L 180˚/s [N-M] 0.14

Ext: extension; Flex: flexion; R-right leg, L-left leg.
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