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Abstract: Ski may be a branch which has the most important representation
power of all winter sports. It has further been characterized by a high popularity
and population which is divided into sub-branches among itself. One
sometimes encounters different performance and physiological indicators in
the athletes depending on seasonal cycles, training levels and living conditions
during the year. The object of this study is to study vitamin D, cortisol and
testosterone values in male skiers by seasonal cycles. Fourteen male skiers
between 12 and 18 years of age participated in the study. Participants were
studied in two groups by their age ranges. The Group 1 included 7 males whose
age average was 13.0+0.8 years, height average was 153.248.0 cm and body
weight average were 45.7+2.7 kg. The Group 2 included 7 males whose age
average was 16.8+1.3 years, height average was 166.0+4.0 cm and body weight
average were 64.2+6.6 kg. We determined the age, height and body mass data
of the participants by standard methods. We performed a Wingate anaerobic
test (WANT) in order to determine the anaerobic power level. We took blood
samples from the antecubital vein in a seated position. We performed all tests
at an altitude of 2.000 meters once in January, April, June and November each.
We found a significant difference in the cortisol, WBC, HCT, PP and MP
parameters in the intra-group comparison results in the Group 1. And there was
a significant difference in vitamin D, PP, AP and PD parameters in the Group
2. In the inter-group comparison results, we found a significant difference only
in the testosterone hormone. We thought that the study results supported the
literature to a great extent.

Keywords: Vitamin d, testosterone, cortisol, anaerobic power

Ozet: Amag¢: Bu ¢alismanin amaci, erkek kayak¢ilarda mevsimsel déngiilere
gére d vitamini, kortizol ve testosteron degerlerinin incelenmesidir. Yontem:
Calismaya 12-18 yas araliginda 14 erkek kayak¢t katildi. Katilimcilar yas
araliklarina gére iki grupta incelendi. 1. grupta, yas ortalamasi 13.0+0.8 (vil),
boy ortalamasi 153.2+8.0 (cm) ve ortalama viicut agirligi 45.7+2.7 (kg) olan 7
erkek yer aldi. 2. grupta; yas ortalamasi 16.8+1.3 (vil), boy ortalamasi
166.0+4.0 (cm) ve ortalama viicut agirligr 64.2+6.6 (kg) olan 7 erkek yer aldi.
Katilimcilarin yas, boy ve viicut kiitlesi bilgileri standart ydntemlerle
belirlendi. Anaerobik gii¢ seviyesini belirlemek i¢in Wingate anaerobik gii¢
testi (WAnT) yapildi. Antekiibital venden, oturur pozisyonda, kan érnekleri
alindi. Tiim testler; 2.000m rakimda, Ocak, Nisan, Haziran ve Kasim aylarinda
birer kez yapildi. Bulgular: 1. grupta (n:7); kortizol hormonunda en yiiksek
diizeye Ocak ayinda ulasild: (kis/test 1). Testosteron hormonunda en yiiksek
diizeye Haziran ayinda ulasild: (yaz/test 3). D vitamininde ise en yiiksek diizeye
Kasim ayinda ulasildi (sonbahar/test 4). Grup i¢i karsilastirmalarda; kortizol
hormonunda anlamli farklilik saptandi (p<0,012). 2. grupta (n:7); D vitamini
ve testosteron hormonunda en yiiksek diizeye Kasim ayinda (sonbahar/test 4)
ulasildi. Kortizol hormonunda en yiiksek diizeye Ocak ayinda ulasildi (kis/test
1). Grup i¢i karsilagtirmalarda; D vitamininde anlaml farklilik saptandi
(p<0,012). Gruplar arasi karsilastirma sonucunda, sadece testesteron
hormonunda anlamli farklilik oldugu saptandi (p<0,012-p<0,05). Sonug. Yaz
aylarinda testosteron artisinin hava sicakligi ile iliskili oldugu diisiiniildii. Kig
aylarinda maksimum diizeyine ulasan kortizoliin antrenman, miisabaka, kamp
donemi gibi yogunluklardan kaynaklandigi diisiiniildii. Yaz aylarinda artmaya
baslayan ve sonbahar aylarinda maksimum seviveye ulasan D vitamininin

yazin bir uzantist oldugu diisiiniildii. Yine de farkli yas gruplarini inceleyen ¢ok

denekli ve ¢ok tekrarli ¢calismalara ihtiyag vardir.

Anahtar Kelimeler: D vitamini, testosteron, kortizol, anaerobik gii¢.
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INTRODUCTION

Ski has become the indispensable for the winter months. It is
performed at low, medium and high altitudes as required by
the environment where it is located. It therefore requires a
certain period of time for both physical and physiological
compatibility. And this increases the cold air effect.
Physiological reactions of organisms may vary throughout
the year, depending on the seasonal cycles. Hourly, daily and
monthly reactions of the body are different particularly in
terms of circadian (biological) rhythm.

Vitamin D deficiency has been so widespread in the present
day. We think that such deficiency may affect all living
conditions. Vitamin D is effective on bone formation and on
the balance of the calcium and phosphorus minerals in serum.
Further, it is recognized as an antirachitic vitamin and
calciferol. It facilitates absorption of calcium and phosphorus
from the intestines and has an effect stimulating the
reabsorption of phosphorus from the kidneys. Cholecalciferol
(a type of vitamin D) is composed of 7-dehydrocolesterol

available in the Malpighian layer of the skin with the effect
of the UV rays with 290-320nm wavelengths (Floyd, Ayyar,
Barwick, Hudgson & Weightman, 1974).

Vitamin D is taken in the form of ergocalciferol and
cholecalciferol ~ through  diet.  Ergocalciferol  and
cholecalciferol are metabolized in similar ways. They
hormonally affect the receptors in the kidneys, intestines,
osteoblasts, parathyroid pancreatic islet cells and mammary
epithelium. Furthermore, vitamin D directly affects the bone
mineral metabolism. It provides the calcium and phosphorus
balance in the body fluids and tissues together with calcitonin
and parathormone. Similarly, vitamin D provides the immune
modulation (prevention of autoimmune diseases) and the
regulation of cell proliferation (prevention of malignity) as
well (Floyd, Ayyar, Barwick, Hudgson & Weightman, 1974).

When 25 (OH) D3 (25-hydroxyvitamin D3/calcidiol) which
is the clearest indictor of vitamin D is lower than 50 nmol/L
(~20 ng/mL), it is defined as deficiency. Such parameters as
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the changes in vitamin D-binding globulin, seasonal changes,
ethnic differences and body composition may affect the
normal levels of vitamin D (Ross et al., 2011).

Effects of vitamin D on muscles are little known. In a clinic,
muscle weakness, pain and hypotony are observed in those
individuals with severe vitamin D deficiency. Changes in the
muscle fibre size are identified through a microscope by
preferred atrophy of type 2 muscle fibres (Floyd, Ayyar,
Barwick, Hudgson & Weightman, 1974; Girgis, Clifton-
Bligh, Hamrick, Holick & Gunton, 2013).

Critical effects of vitamin D on the skeletal muscle have been
discussed for many decades. The answer starts with vitamin
D receptor (VDR) which is a nuclear receptor of the same
origin to which the active hormone 25-hydroxy D adheres to
apply both gnomic and non-genomic effects in cells (Bouillon
et al., 2008; Johnson, Grande, Roche & Kumar, 1996).

Testosterone is an anabolic steroid and interacts with the
androgynous receptors (AR) in the skeletal muscle (Vingren
et al., 2010; MacLean et al., 2008). Studies support that
androgens increase protein synthesis and reduces catabolism
and autophagy (Rossetti, Steiner & Gordon, 2017; Pollanen
et al., 2015). Moreover, it has been reported that testosterone
replacement produces increases in fat-free mass and muscle
strength (Bhasin et al., 2012; Borst et al., 2014). Testosterone
accomplishes multi-ergogenic, anabolic and anti-catabolic
functions in the skeletal muscle and neuronal tissue. And this
causes the muscle strength, power, firmness and hypertrophy
to increase (Kraemer, Ratamess & Nindl, 2017).

It has been reported that androgens may be stimulating with
exercises in men (Jardi et al., 2018). In considering from this
standpoint, androgens may mediate protein synthesis (in
skeletal muscle) and resistance exercise adaptation (Kraemer
et al., 2020). Testosterone may be anti-catabolic by reducing
glucocorticoid receptor (GR) expression and intervening with
cortisol binding.  Other than this, the AR-testosterone
complex may compete with the cortisol-GR complex for the
Cis-element binding zones on DNA (MacKrell et al., 2015).

Besides anabolic hormones, glucocorticoids, especially
cortisol, have a significant effect on the skeletal muscle
(Sheffield-Moore & Urban, 2004). In stable physiological
conditions, cortisol in circulation hits the top in the morning
and gradually reduces during the day. And it displays a
circadian rhythm reaching the lowest levels around midnight
(Chan & Debhono, 2010). Cortisol levels are regulated on both
systemic and tissue levels in order to maintain glucocorticoid
homeostasis (Kraemer et al., 2020; Hsu & DeFranco, 1995;
Lamberts, Huizenga, de Lange, de Jong & Koper, 1996;
Polman et al., 2012).

Cortisol is effective in the regulation of energy homeostasis
and metabolism in the skeletal muscle (Munck, Guyre &
Holbrook, 1984). It increases the metabolic substrates and
maintains the immune cell activity and vein integrity during
exercises (Duclos, Gouarne & Bonnemaison, 2003).

It has also been reported that in case stress is high (scope/
intensity) in the application period, the cortisol response may
reach the maximum levels (Kraemer et al., 1993; Kraemer et
al., 1995). Following the acute exercise, tissue sensitivity is

high against the glucocorticoids which prevent muscle
inflammation, cytokine synthesis and muscle damage.
Twenty-four hours after the exercise, reduction of sensitivity
of monocytes to the glucocorticoids may act to protect the
body from the long-term exercise-related cortisol secretion
(Duclos, Gouarne & Bonnemaison, 2003; Gouarne,
Groussard, Gratas-Delamarche, Delamarche & Duclos,
2005).

Purpose of The Research

The object of this study is to study the vitamin D, cortisol,
testosterone, anaerobic power and some hemogram
parameters in male skiers by seasonal cycles.

METHODS

Research Model: Experimental design, which is one of the
guantitative research methods, was used in the research.

Group Testing 1st 2nd 3rdtest  4thtest
Area test test
Group 1
7 Male
(Age January April June November
13.040.8) Winter Spring  Summer Autumn
Altitude
2000m
Group 2
7 Male WANT WANT WANT WANT
(Age Blood Draw  Blood  Blood Blood
16.8+1.3) Draw Draw Draw

Research Group

Fourteen male skiers (maintaining their standard training)
between 12 and 18 years of age participated in the study. As
the age range of the sample group was broad, it was studied
in two separate groups. Pre- adolescence (10-12 age), early-
adolescence (12-14 age), mid-adolescence (14-18 age), late-
adolescence (18+++) were analyzed as two separate groups.
The Group 1 included 7 males whose age average was
13.0£0.8 years, height average was 153.2+8.0 cm and body
weight average were 45.7+2.7 kg. The Group 2 included 7
males whose age average was 16.8+1.3 years, height average
was 166.0+4.0 cm and body weight average were 64.2+6.6
kg.

Data Collection

The study was carried out at a ski centre located at an altitude
of 2.000 meters (it is also a sports camp site). The first test
was performed in January (winter), the second test in April
(spring), the third test in June (summer) and the fourth test in
November (autumn).

We determined the age, height and body mass data of the
participants by standard methods. We performed a WANT
(Monark 894 E bicycle ergometer) in order to determine the
anaerobic power level.

Blood samples were taken from the antecubital vein in a
fasted state in a seated position prior to the exercise test (at
9:00 AM) (for hemogram, vitamin D, cortisol and
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testosterone examination). We separated serum-plasma from
the samples and centrifuged and then stored it at +4°C. We
analysed all samples at a time. We performed the hemogram
test by the low-frequency direct current impedance method
(Sysmex Instrumentation, Roche Diagnostics Company-SE
series, XE2100). We analysed the 25-OH-vitamin D, cortisol
and testosterone by the Liquid Chromatography-Mass
Spectrometer (LC-MS/MS) method (model: 4000 Q TRAP,
serial number: AR26621105, manufacturer: AB SCIEX).

Statistical Analysis
We analysed the data obtained from the study in the IBM

SPSS (Statistical Package for the Social Sciences) 24.0
package programme. We used the Shapiro-Wilk test to

determine the distribution of the data and Descriptive
Statistics to determine the averages in the demographical
characteristics. We performed one-way analysis of variance
analysis (ANOVA) to determine the intra-group variances,
Mixed-Design  ANOVA to determine the inter-group
variances and Levene test for the variance homogeneity in
repeated measurements. We conducted a Bonferroni
correction in order to check the Type | error. We gave the
results as arithmetic average and standard deviation (X=SD),
mean difference (MD), minimum observed value (Minimum)
and maximum observed value (Maksimum). We considered
the significance level to be p<0.012 for the four-repeat tests.

RESULTS
Tablo 1: Determination of intra-group means in repeated differences in repeated measurements (group 1)
1st test 3rd test 4th test
Variables (X£SD) (X£SD) (XESD)
Vitamin D (ng/mL) 20.4+6.8 23.6+11.9 24.9+8.6
Cortisol (pg/dL) 19.5+4.4 19.3+£3.6 18.1£3.9
Testosterone (ng/dL) 272.3+£207.7 220.2+236.0 466.0+£229.3 453.54212.4
WBC (x10%) 6.0+1.6 6.2+1.3 5.0+.5
RBC (x10...) 5.2+2 5.2+2 5.1+2
HGB (g/L) 14.9+.9 14.9+.9 15.1£1.0
HCT (%) 433+2.8 43742.8 54.0+3.3
PLT (cell/mL) 238.0491.7 252.8+88.1 224.0+116.5 196.0+37.2
PP (W) 583.2+654.7 588.5+665.0 596.0+667.5 593.4+665.1
AP (W) 440.8+508.0 443.3+512.2 445.0+513.2 444.0+514.1
MP (W) 267.24328.1 267.7+326.5 270.14326.4 269.8+327.0
PD (W) 316.0+329.2 317.44329.9 320.5+332.4 319.2+331.3

WBC: Leukocyte, RBC: Erythrocyte, HGB: Hemoglobin, HCT: Hematocrit, PLT: Thrombocyte, PP: Peak power, AP: Avarage power, MP: Minimum power, PD:

Power drop, W: Watt

When we reviewed Table 1, we found out that while vitamin D (24.9+8.6ng/mL) and HCT (%54.0+3.3) reaches the maximum level
in the fourth test, cortisol (19.5+4.4pg/dL) reaches the maximum level in the first test. We found out that while testosterone
(466.0+£229.3pg/dL), PP (596.0+667.5W), AP (445.0+513.2W), MP (270.1£326.4W) and PD (320.5+332.4W) reached the
maximum level in the third test, WBC (7.7+.8 x10"), RBC (5.4+.4 x10...), HGB (15.4+1.8g/L) and PLT (252.8+88.1 cells/mL)

reached the maximum level in the second test (table 1).

Tablo 2: Determination of intra-group means in repeated differences in repeated measurements (group 2)

Variables 1st test 3rd test 4th test
(X+£SD) (X£SD) (X£SD)
Vitamin D (ng/mL) 17.6+4.0 17.6+4.3 21.343.2
Cortisol (pg/dL) 21.1£6.9 16.9+2.8 20.2+4.6
Testosterone (ng/dL) 504.3+95.4 413.8+98.0 618.58+171.2 628.1+140.5
WBC (x107) 6.5+.7 6.6+.6 6.1+.7
RBC (x10...) 5.4+3 5.5+3 5.1+.3
HGB (g/L) 15.4+2.2 15.6+2.1 14.9+1.2
HCT (%) 453+5.2 45.7+4.6 53.543.6
PLT (cell/mL) 283.1£59.6 244.0+126 .4 298.4+67.9 228.5+15.9
PP (W) 809.0+330.6 813.8+336.1 819.8+336.9 818.2+335.2
AP (W) 653.8+318.1 656.4+322.1 658.2+323.0 656.9+323.1
MP (W) 451.3£253.2 452.1£252.5 454.24251.8 453.94252.3
PD (W) 357.6+130.1 360.0+131.7 362.3+132.1 361.7+132.5

WABC: Leukocyte, RBC: Erythrocyte, HGB: Hemoglobin, HCT: Hematocrit, PLT: Thrombocyte, PP: Peak power, AP: Avarage power, MP: Minimum power, PD:

Power drop, W: Watt
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When we reviewed Table 2, we found out that while vitamin D (21.3+3.2ng/mL), testosterone (628.1+140.5pg/dL) and HCT
(%53.5£3.6) reached the maximum level in the fourth test, cortisol (21.1+6.9ug) /dL) reached the maximum level in the first test,
WBC (6.9+1.6 x10") in the second test and HGB (15.6£2.0g/L) in the second and third tests. We found out that RBC (5.5+.3 x10...),
PLT (298.4+67.9 cells/mL), PP (819.8£336.9W), AP (658.24£323.0W), MP (454.24251.8W) and PD (362.3£132.1W) reached the
maximum level in the third test (table 2).

Tablo 3: Determination of intra-group differences in repeated measurements (group 1)

1st test 2nd test 3rd test 4th test

Variables 2nd  3rdtest Athtest Isttest 3rdtest 4thtest  1sttest 2nd  4thtest  Isttest 2nd 3rd
test test test test

MD -8 31 44 8 23 36 3.1 23 12 44 36 12

o +SD 4 2.9 13 4 2.7 11 29 27 18 13 11 18
s P 8 1.0 1 8 10 1 1.0 1.0 1.0 1 1 1.0
MD 59 -7 1.0 59 6.6 48 7 6.6 18 1.0 48 18

o D 19 19 13 1.9 15 8 1.9 15 1.0 13 8 1.0

S P 2 1.0 1.0 2 08 03 1.0 08 9 1.0 03 9
_ MD 710  -1862  -1884 710  -2573 2594 1862 2573 21 1884 2594 2.1
8 8D 405 99.6 91.6 405 1131 106.2 99.6 1131 10.2 91.6 106.2 10.2
= p 9 8 6 9 5 4 8 5 1.0 6 4 1.0
MD 14 09 13 1.4 1.4 27 -09 14 12 13 27 12

8 +SD 4 04 5 4 4 3 04 4 5 5 3 5

= p 1 6 4 1 1 00 6 1 5 4 .00 5
MD -2 -03 09 2 1 3 03 1 1 -09 ) 1

2 +SD 1 04 03 1 1 1 04 1 06 03 1 06

& p 1.0 1.0 3 1.0 1.0 6 1.0 1.0 6 3 6 6

MD -6 -1 -2 6 5 3 1 -5 1 2 3 1

8 4sp 3 08 1 3 3 3 08 3 1 1 3 1
- p 1.0 1.0 5 1.0 1.0 1.0 1.0 1.0 1.0 5 1.0 1.0
MD 15 -6 1007 15 8 85 -8 93 10.0° 85 93"

5 isp 9 3 5 9 9 13 9 8 5 13 8
- p 1.0 7 00 1.0 1.0 01 . 1.0 .00 .00 01 .00
MD 9.2 738 728 9.2 14 63.6 78 1.4 65.0 728 636 650
= 8D 49.9 11.9 28.1 49.9 61.3 26.8 11.9 61.3 39.7 28.1 26.8 39.7
- p 1.0 1.0 3 1.0 1.0 4 1.0 1.0 1.0 3 4 1.0
MD 7.2 147 12.1 72 T4 48 147 74 26 121 48 26

o 8D 54 6.8 5.4 5.4 1.4 04 6.8 1.4 13 5.4 04 13

p 1.0 5 5 1.0 03 00 5 03 7 5 .00 7

MD 31 5.0 41 31 19 1.0 5.0 19 8 41 1.0 -8

o 8D 22 2.7 3.2 2.2 5 9 27 5 4 32 9 4

p 1.0 8 1.0 1.0 1 1.0 8 1 8 1.0 1.0 8

MD -2 26 24 2 24 21 26 2.4 2 24 21 -2

% +SD 8 9 6 8 1 2 9 1 3 6 2 3
p 1.0 2 09 1.0 00 00 2 00 1.0 09 .00 1.0

MD 15 5.0 34 15 34 19 5.0 34 15 34 1.9 15

o +SD 3 17 11 3 13 1.7 13 6 11 7 6

p 07 2 2 07 3 3 2 3 4 2 3 4

Vit. D: Vitamin D, Cort.: Cortisol, Testo.: Testosteron, WBC: Leukocyte, RBC: Erythrocyte, HGB: Hemoglobin, HCT: Hematocrit, PLT: Thrombocyte, PP: Peak

power, AP: Avarage power, MP: Minimum power, PD: Power drop

When we reviewed Table 3, we found out that the cortisol hormone was significantly different between the second and fourth tests;
WBC between the second and fourth tests; HCT between the first, second and third tests of the fourth tests; PP and MP between the
second test and the third and fourth tests (p<0.012).
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Tablo 4: Determination of intra-group differences in repeated measurements (group 2)

1st test 2nd test 3rd test 4th test
Variables 2nd 3rd 4th test 1st test 3ndtest  2nd test 3rd 4th 1st test 1nd 2nd test 3rd
test test test test test test
MD 13 2.7 25 13 4.0 12 27 40 53 25 12 53
S sp 2 13 8 2 13 8 13 13 14 8 8 14
> p 02 7 2 02 2 1.0 7 2 1 2 1.0 1
MD 2.8 8 By 238 19 32 -8 19 12 4 32 12
£ +SD 2.0 37 14 2.0 41 17 37 41 27 14 17 27
© p 1.0 1.0 1.0 1.0 1.0 8 1.0 1.0 1.0 1.0 8 1.0
_ MD 1126  -1041  -1264  -1126 2167 2390 1041 2167 223 1264 2390 223
2 D 68.1 86.3 70.0 68.1 805 75.2 863 805 21.0 70.0 752 21.0
= p 1.0 1.0 8 1.0 3 2 1.0 3 1.0 8 2 1.0
MD 4 1 2 4 6 7 1 -6 1 2 7 1
8 +SD 8 06 1 8 8 9 06 8 1 1 9 1
= p 1.0 5 1.0 1.0 1.0 1.0 524 10 10 1.0 1.0 1.0
MD 02 -01 2 -02 04 2 01 04 3 2 2 -3
§ +SD 2 04 3 2 2 3 04 2 3 3 3 3
p 1.0 1.0 1.0 1.0 1.0 1.0 10 10 10 1.0 1.0 1.0
MD -02 -08 5 02 -06 5 08 06 5 -5 -5 -5
) +SD 5 07 7 5 5 7 07 5 7 7 7 7
- p 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10 10 1.0 1.0 1.0
MD -3 1 8.3 3 4 8.0 -1 By 85 83 8.0 85
5 +SD 19 1 3.7 19 1.9 3.2 1 1.9 36 3.7 3.2 36
- p 1.0 1.0 5 1.0 1.0 3 1.0 1.0 4 5 3 4
MD 29.6 2.6 52.8 29.6 32.2 232 26 322 55.4 52.8 232 554
5 D 575 8.1 24.7 57.5 60.8 513 8.1 60.8 2738 24.7 513 2738
- p 1.0 1.0 6 1.0 1.0 1.0 1.0 1.0 7 6 1.0 7
MD 438 107 9.2 48 59 a4 10.7 59" 15 9.2 vy 15
a +SD 25 2.8 2.1 25 1.0 4 28 1.0 1.2 21 4 1.2
p 6 05 03 6 .00 .00 05 .00 1.0 03 .00 1.0
MD 2.6 -4.4 3.1 2.6 1.7 -4 4.4 17" 13" 3.1 4 -1.37
o +SD 17 2.1 2.1 17 3 4 21 3 05 21 4 .05
p 1.0 4 1.0 1.0 01 1.0 4 01 .00 1.0 1.0 .00
MD -7 2.9 25 7 2.1 1.7 29 2.0 3 25 7 -3
g +SD 3 6 4 3 3 1 6 3 2 4 1 2
p 2 02 00 2 .00 .00 02 .00 9 .00 .00 9
MD 23 47 40 23 2.3 17 47 23 6 4.0 17 -6
o +SD 11 14 17 11 2 5 1.4 2 2 17 5 2
p 5 1 3 5 00 1 1 00 3 3 1 3

Vit. D: Vitamin D, Cort.: Cortisol, Testo.: Testosteron, WBC: Leukocyte, RBC: Erythrocyte, HGB: Hemoglobin, HCT: Hematocrit, PLT: Thrombocyte, PP: Peak
power, AP: Avarage power, MP: Minimum power, PD: Power drop

When we reviewed Table 4, we found out that vitamin D was significantly different between the first and second tests; PP between
the first and fourth tests, between the second test and the third and fourth tests, between the fourth test and the first and second tests;
AP between the second and third tests, between the third test and the second and fourth tests, between the fourth and third tests; PD
between the second and third tests (p<0.012).
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Tablo 5: Determination of differences between groups in repeated measurements

Vit. D Cort. Testo. WBC RBC HGB HCT PLT PP AP MP PD
MS 33.7 43 121953.9 2 .00 .01 5 1974.0 126.2 121.0 7013.2 7949.4
F .6 3 4.9 3 .05 .00 .05 .6 .00 .00 .07 .09
p 4 5 .05 5 8 9 8 4 9 9 7 N

Vit. D: Vitamin D, Cort.: Cortisol, Testo.: Testosteron, WBC: Leukocyte, RBC: Erythrocyte, HGB: Hemoglobin, HCT: Hematocrit, PLT: Thrombocyte, PP: Peak
power, AP: Avarage power, MP: Minimum power, PD: Power drop, MS: Mean square

When we reviewed Table 5, we found out that there was only a significant difference in the testosterone hormone (p<0,012-p<0,05).

DISCUSSION

Research on the parameters studied in the study was
discussed, reported and interpreted.

Topal et al. (2018) determined in the study they carried out
that the children in the province of Erzincan had vitamin D
deficiency at a rate of 42,3 percent and inadequacy at a rate
of 27,2 percent. They reported that only 30,5% of the children
was above the reference values accepted for vitamin D. In the
seasonal review carried out in the same study, they observed
that there was a reduction in the vitamin D levels of both boys
and girls (in all age groups) during the winter and spring
months (Topal et al., 2018).

In a study carried out in the province of Samsun, while the
serum 25-OH D level of a total of 13.395 people was
determined as 14,71 + 10,21 ng/mL during the winter months,
the serum 25-OH D level of a total of 10.378 people was
determined as 19,13 + 11,09 ng/mL during the summer
months. While the higher level in the summer months is
considered to be possible, it attracts attention the averages are
of significant deficiency level (<20 ng/ml) in both seasons
(Cubukc¢u, Ac1 & Miiderrisoglu, 2019).

When it is compared with the result of our study, the lower
vitamin D level is similar in general. However, the seasonal
analysis results appear to be different. In our study, the results
proving to be higher in the winter months have been
considered to be the extension of the summer months. At the
same time, the period when active skiing takes place is rather
the winter months. Due to the altitude of the environment, the
athletes are exposed to direct and more intense sun rays in this
period.

Ogiis et al. (2015) found the mean vitamin D levels of the
patients as 22,80+13,27 ng/mL in the January-December
period. In 47,00% of the patients (50% in women and 38& in
men), the vitamin D level was below the deficiency limit (<20
ng/mL), in 28,00 within the deficiency limits (20-30 ng/mL)

and in 25,00% most of these was at the optimal level (>30
ng/mL) (Ogiis et al., 2015).

Compared to the result of our study, the low vitamin D level
is the same in general. We see that the results that are closest
to those of the relevant study are obtained in our study (in
November and January).

Seo et al. (2019) caused 47 teenager tackwondo athletes (age
16,7£0,84 years, height 175,245,97 cm, body mass
66,2+10,46 kg and training experience 53,4+10,60 months)
to have training for at least 3 hours a day and 5 days a week
in a study. They determined that approximately 75% of the
participants had vitamin D deficiency at the end of the study
(Seo et al., 2019).

In some studies carried out on football players and gymnasts,
it was reported that the frequency of observing vitamin D
deficiency or inadequacy varied between 59% and 94%
(Owens, Allison & Close, 2018; Lovell, 2008; Willis,
Peterson & Larson-Meyer, 2008). Abate and Salini (2022)
studied the seasonal variances in vitamin D, cortisol and
testosterone secretion in a study which they carried out on
football players in the Italian Serie B (38 of Caucasian and 12
of African origin, making a total of 50 football players). They
found out that all athletes who participated in the study had
high testosterone levels in the summer months. They linked
the reason for this to their unlimited life style and sexual
excitement. They found cortisol at high levels in the winter
months and put forward the weather conditions, event and
training intensities as the reason therefor. They found vitamin
D at high levels in the summer months and stated as a reason
therefor that the skin which was exposed to ultraviolet B
radiation synthesised better. It was reported that the results of
the study were similar to those available in the literatiire
(Abate & Salini, 2022).

In a study which Lombardi et al. (2017) carried out on 167
professional football players playing in the Italian league,
they studied the seasonal variances in vitamin D, testosterone
and cortisol secretion. They found out as a result of the study
that the vitamin D and testosterone levels increased in the
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summer months but the cortisol level was higher in the winter
months (Lombardi et al., 2017). This study supports the
results of our study in terms of the testosterone and cortisol
hormones. However, in our study, vitamin D started to
increase in the summer months and reached the maximum
level in autumn. The results vary at this point. As a reason
therefore, we think that it arises from th different structures
and characteristics of the sample groups.

In a study which Michalczyk et al. (2020) carried out during
the season, they studied the effects of the winter sun and the
summer sun on vitamin D. As a result of the study, they found
out that the winter sun increased the vitamin D level more
than normal and that the summer sun further increased the
vitamin D level as compared to the winter sun (Michalczyk et
al., 2020).

Conclusion

In the Group 1 (n:7), the maximum level was reached in the
cortisol hormone in January (winter/test 1). The maximum
level was reached in testosterone, PP, AP, MP and PD values
in June (summer/test 3); and the maximum level was reached
in WBC, RBC, HGB and PLT in April (spring/test 2) (table
1).

In the intra-group studies, we found a significant variance in
the cortisol, WBC, HCT, PP and MP parameters (p<0,012)
(table 3).

In the Group 2 (n:7), the maximum level was reached in
vitamin D, testosterone and HCT values in November
(autumn/test 4). The maximum level was reached in the
cortisol hormone in January (winter/test 1). The maximum
level was reached in WBC in April (spring/test 2); the
maximum level was reached in HGB in April and June
(spring/test 2 and summer/test 3). The maximum level was
reached in RBC, PLT, PP, AP, MP and PD values in June
(summer/test 3) (table 2).

In the intra-group studies, we found a significant variance in
the vitamin D, PP, AP and PD parameters (p<0,012) (table 4).

As a result of the inter-group comparison, we found out that
there was only a significant variance in the testosterone
hormone (p<0,012-p<0,05) (table 5).

We found out that the results of the study are usually
analogous to those of the literature. We think that the increase
in testosterone in the summer months is associated with the
weather temperature. We think that cortisol which reaches its

References

Abate, M., & Salini, V. (2022). Oxidative stress, testosterone,
cortisol and vitamin d: differences in professional soccer players
of african and caucasian origin. Med Princ Pract, 31, 352-358.

Bhasin, S., Travison, T.G., Storer, T.W., Lakshman, K., Kaushik,
M., Mazer, N.A, et al. (2012). Effect of testosterone
supplementation with and without a dual 5a-reductase inhibitor
on fat-free mass in men with suppressed testosterone production:
a randomized controlled trial. JAMA, 307,931-9.

maximum level in the winter months arises from such
intensities as training, competition and camp period, etc.

We thought that vitamin D’s starting to increase in the
summer months and reaching the maximum level in the
autumn months was an extension of the summer. At the same
time, active skiing period is usually the autumn-winter
months. Considering that the athletes are exposed to direct
and more intense winter sun at higher altitudes, we think that
the results are possible.

In consideration of the gender and age of the participants,
height of the altitude where workout takes place, training
environment and training level, we think that possible results
have been obtained.

Suggestion;

There is a need for multi-subject and multi-repetitive studies
examining different age groups.

Conflicts of Interest: The authors declared no conflict of
interest with respect to authorship and/or publication of the
article.

Author Contributions: In this study, the contribution rate of
the first author was 35%, the contribution rate of the second
author was 25%, the contribution rate of the third author was
25%, and the contribution rate of the fourth author was 15%.

Conceptualization, B.C. and T.D.S.; methodology, B.C. and
T.D.S.; software, T.D.S.; validation, B.C., U.I., T.D.S. and
M.C.; formal analysis, T.D.S.; investigation, B.C., U.l. and
M.C.; resources, B.C. and U.i.; data curation, B.C. and
T.D.S.; writing—original draft preparation, T.D.S., U.I. and
B.C.; writing—review and editing, M.C.; visualization,
T.D.S.; supervision, M.C.; project administration, B.C All
authors have read and agreed to the published version of the
manuscript.

Ethics Text

The approval for this study was obtained from Clinical
Research Ethics Board of Erzincan Binali Yildirim
University (Approval number: 08/02 Date: 09.07.2019).

Financial Disclosure: This study was produced from a
project supported by Erzincan Binali Yildirim University
Scientific Research Projects Coordination Unit (Project
Number: TSA-2019-650).

Borst, S.E., Yarrow, J.F., Conover, C.F., Nseyo, U., Meuleman, J.R.,
Lipinska, J.A., et al. (2014). Musculoskeletal and prostate
effects of combined testosterone and finasteride administration
in older hypogonadal men: a randomized, controlled trial. Am J
Physiol Endocrinol Metab, 306, E433-42.

Bouillon, R., Carmeliet, G., Verlinden, L., van Etten, E., Verstuyf,
A., Luderer, H.F., et al. (2008). Vitamin d and human health:
lessons from vitamin d receptor null mice. Endocr Rev, 29, 726-
776.

https://dergipark.org.tr/tr/pub/tojras

276


https://dergipark.org.tr/tr/pub/tojras

TOJRAS, 2023, 12(3)

Chan, S., & Debono, M. (2010). Replication of cortisol circadian
rhythm: new advances in hydrocortisone replacement therapy.
Ther Adv Endocrinol Metab, 1, 129-38.

Cubukeu, M., Aci, R., & Miiderrisoglu, S. (2019). Samsun ilinde d
vitamini diizeylerinin yas, cinsiyet ve mevsimsel 6zelliklere
gore degerlendirilmesi. Ankara Med J, 4, 769-75.

Duclos, M., Gouarne, C., & Bonnemaison, D. (2003). Acute and
chronic effects of exercise on tissue sensitivity to
glucocorticoids. J Appl Physiol, 94,869-75.

Floyd, M., Ayyar, D.R., Barwick, D.D., Hudgson, P., &
Weightman, D. (1974). Myopathy in chronic renal failure. Q J
Med, 43,509-524.

Girgis, C.M,, Clifton-Bligh, R.J., Hamrick, M.W., Holick, M.F., &
Gunton, J.E. (2013). The roles of vitamin d in skeletal muscle:
form, function, and metabolism. Endocr Rev, 34, 33-83.

Gouarne, C., Groussard, C., Gratas-Delamarche, A., Delamarche, P.,
& Duclos, M. (2005). Overnight urinary cortisol and cortisone
add new insights into adaptation to training. Med Sci Sports
Exerc, 37,1157-67.

Hsu, S.C., & DeFranco, D.B. (1995). Selectivity of cell cycle
regulation of glucocorticoid receptor function. J Biol Chem,
270,3359-64.

Jardi, F., Laurent, M.R., Dubois, V., Kim, N., Khalil, R,
Decallonne, B., et al. (2018). Androgen and estrogen actions on
male physical activity: a story beyond muscle. J Endocrinol,
238, R31-52.

Johnson, J.A., Grande, J.P., Roche, P.C., & Kumar, R. (1996).
Ontogeny of the 1,25-dihydroxyvitamin d3 receptor in fetal rat
bone. J Bone Miner Res, 11, 56-61.

Kraemer, W.J., Fleck, S.J., Dziados, J.E., Harman, E.A., Marchitelli,
L.J., Gordon, S.E., et al. (1993). Changes in hormonal
concentrations after different heavy resistance exercise
protocols in women. J Appl Physiol, 75, 594-604.

Kraemer, W.J., Patton, J.F., Gordon, S.E., Harman, E.A,
Deschenes, M.R., Reynolds, K., et al. (1995). Compatibility of
high-intensity strength and endurance training on hormonal and
skeletal muscle adaptations. J Appl Physiol, 78, 976-89.

Kraemer, W.J., Ratamess, N.A., & Nindl, B.C. (2017). Recovery
responses of testosterone, growth hormone, and igf-1 after
resistance exercise. J Appl Physiol, 122, 549-58.

Kraemer, W.J., Ratamess, N.A., Hymer, W.C., Nindl, B.C., &
Fragala, M.S. (2020). Growth hormone(s), testosterone, insulin-
like growth factors, and cortisol: roles and integration for
cellular development and growth with exercise. Front
Endocrinol, 11, 33.

Lamberts, S.W., Huizenga, A.T., de Lange, P., de Jong, F.H., &
Koper, JW. (1996). Clinical aspects of glucocorticoid
sensitivity. Steroids, 61, 157-60.

Lombardi, G., Vitale, J.A., Logoluso, S., Logoluso, G., Cocco, N.,
Cocco, G, etal. (2017). Circannual rhythm of plasmatic vitamin
D levels and the association with markers of psychophysical
stress in a cohort of Italian professional soccer players.
Chronobiol Int, 34, 471-479.

Lovell, G. (2008). Vitamin d status of females in an elite gymnastics
program. Clin J Sport Med, 18,159-161.

MacKTrell, J.G., Yaden, B.C., Bullock, H., Chen, K., Shetler, P.,
Bryant, H.U., et al. (2015). Molecular targets of androgen
signaling that characterize skeletal muscle recovery and
regeneration. Nucl Recept Signal, 13, e005.

MacLean, H.E., Chiu, W.S., Notini, A.J., Axell, A.M., Davey, R.A.,
McManus, J.F., et al. (2008). Impaired skeletal muscle

development and function in male, but not female, genomic
androgen receptor knockout mice. FASEB J. 22, 2676-89.

Michalczyk, M.M., Gola’s, A., Maszczyk, A., Kaczka, P., & Zajac,
A. (2020). Influence of sunlight and oral d3 supplementation on
serum 25(oh)d concentration and exercise performance in elite
soccer players. Nutrients, 12, 1311.

Munck, A., Guyre, P.M., & Holbrook, N.J. (1984). Physiological
functions of glucocorticoids in stress and their relation to
pharmacological actions. Endocr Rev, 5,25-44.

Ogiis, E., Siirer, H., Kiling, A.S., Fidanci, V., Yilmaz, G., Dindar,
N., et al. (2015). D vitamini diizeylerinin aylara, cinsiyete ve
yasa gore degerlendirilmesi. Ankara Med J, 15, 1-5.

Owens, D.J., Allison, R., & Close, G.L. (2018). Vitamin d and the
athlete: current perspectives and new challenges. Sports Med,
48,3-16.

Pollanen, E., Kangas, R., Horttanainen, M., Niskala, P., Kaprio, J.,
Butler-Browne, G., et al. (2015). Intramuscular sex steroid
hormones are associated with skeletal muscle strength and
power in women with different hormonal status. Aging Cell,
14,236-48.

Polman, J.AE., Hunter, R.G., Speksnijder, N., van den Oever,
J.M.E., Korobko, O.B., McEwen, B.S. et al. (2012).
Glucocorticoids modulate the mtor pathway in the
hippocampus: differential effects depending on stress history.
Endocrinology, 153, 4317-27.

Ross, A.C., Manson, J.E., Abrams, S.A., Aloia, J.F., Brannon, P.M.,
Clinton, S.K., etal. (2011). The 2011 report on dietary reference
intakes for calcium and vitamin d from the institute of medicine:
what clinicians need to know. J Clin Endocrinol Metab, 96, 53-
58.

Rossetti, M.L., Steiner, J.L., & Gordon, B.S. (2017). Androgen-
mediated regulation of skeletal muscle protein balance. Mol Cell
Endocrinol, 447, 35-44.

Seo, M.W., Song, J.K,, Jung, H.C., Kim, SW.,, Kim, J.H., & Lee,
J.M. (2019). The associations of vitamin d status with athletic
performance and blood-borne markers in adolescent athletes: a
cross-sectional study. IntJ Environ Res Public Health, 16, 3422.

Sheffield-Moore, M., & Urban, R.J. (2004). An overview of the
endocrinology of skeletal muscle. Trends Endocrinol Metab, 15,
110-5.

Topal, 1., Mertoglu, C., Arslan, Y.K., Giimiis, A., Siiriicii Kara, 1., &
Peker, N. (2018). Erzincan bolgesindeki cocuklarin d vitamini
seviyelerinin  yas, cinsiyet ve  mevsimlere  gore
degerlendirilmesi. Firat Med J, 23, 168-172.

Vingren, J.L., Kraemer, W.J., Ratamess, N.A., Anderson, J.M.,,
Volek, J.S., & Maresh, C.M. (2010). Testosterone physiology in
resistance exercise and training: the up-stream regulatory
elements. Sports Med, 40, 1037-53.

Willis, K.S., Peterson, J., & Larson-Meyer, D.E. (2008). Should we
be concerned about the vitamin d status of athletes? Int J Sport
Nutr Exerc Metab, 18, 204-224.

GENISLETILMIiS OZET

Calismanin  Amaci:Bu  c¢alismanin  amaci,  erkek
kayake¢ilarda mevsimsel dongiilere gore d vitamini, kortizol
ve testosteron degerlerinin incelenmesidir.

Arastirmanin Sorulari: Mevsimlere goére d vitamini,
kortizol ve testosteron diizeyinde belirgin degisim yasanir
mi1? Erkek kayakeilarda, d vitamini, kortizol ve testosteron
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diizeyinde artis, yaz aylarinda m1 yoksa kis aylarmda mm
gozlenir?

Literatiir Arastirmasi: Literatiir incelemesinde, donemsel
olarak ilgili hormonlardaki degisimi inceleyen birgok
calismaya rastlanmaktadir. Bir arasgtirmada, Ocak-Aralik
doneminde hastalarn ortalama D vitamini diizeyleri
22,80+13,27 ng/mL olarak belirlenmistir. Hastalarin
%47'sinde (kadinlarda %50, erkeklerde %38) D vitamini
diizeyi eksiklik smirmm (<20 ng/mL) altinda, %28'inde
eksiklik sinirlari iginde (20-30 ng/mL), %25'inde bunlarin
¢ogunun optimal diizeyde (>30 ng/mL) oldugu belirlenmistir
(Ogiis ve ark., 2015). Italya liginde oynayan 167 profesyonel
futbolcu Ttizerinde yapilan bir ¢alismada, D vitamini,
testosteron ve kortizol salgilanmasindaki mevsimsel
degisimleri incelenmistir. Calisma sonucunda yaz aylarinda
D vitamini ve testosteron diizeylerinin arttigi, kis aylarinda
ise kortizol diizeylerinin daha yiiksek oldugu belirlenmistir
(Lombardi ve ark., 2017). Mevsim boyunca yapilan bir bagka
¢alismada, ki giinesi ve yaz gilinesinin D vitamini tizerindeki
etkileri incelenmistir. Caligma sonucunda, kis giinesinin D
vitamini diizeyini normalden daha fazla artirdigi, yaz
giinesinin ise kis giinesine gore D vitamini diizeyini daha
fazla artirdig1 belirlenmistir (Michalczyk ve ark., 2020).

Yontem: Calismaya 12-18 yas araliginda 14 erkek kayakei
katildi. Katilimcilar yas araliklarma gore iki grupta incelendi.
1. grupta; yas ortalamasi 13.0+0.8 (yil), boy ortalamasi
153.248.0 (cm) ve ortalama viicut agirhigi 45.7+2.7 (kg) olan
7 erkek yer aldi. 2. grupta; yas ortalamasi 16.8+1.3 (yil), boy
ortalamast 166.0£4.0 (cm) ve ortalama viicut agirhig
64.2+6.6 (kg) olan 7 erkek yer aldi. Katilimcilarin yas, boy ve
viicut kiitlesi bilgileri standart ydntemlerle belirlendi.
Anaerobik gii¢ seviyesini belirlemek i¢cin Wingate anaerobik
giic testi (WAnT) yapildi. Antekiibital venden, oturur
pozisyonda, kan o&rnekleri alindi. Tim testler; 2.000m
rakimda, Ocak, Nisan, Haziran ve Kasim aylarinda birer kez
yapildi.

Sonu¢ ve Degerlendirme: 1. grupta (n:7), Kkortizol
hormonunda maksimum diizeye Ocak ayinda ulasildi (kis/test
1). Testosteron, PP, AP, MP ve PD degerlerinde maksimum
seviyeye Haziran ayinda ulasildi (yaz/test 3); WBC, RBC,
HGB ve PLT'de maksimum seviyeye Nisan'da ulasildi
(ilkbahar/test 2) (tablo 1). Grup ig¢i karsilastirmalarda
kortizol, WBC, HCT, PP ve MP parametrelerinde anlamli
farklilik saptandi (p<0,012) (tablo 3).

2. grupta (n:7), D vitamini, testosteron ve HCT degerlerinde
en yiiksek seviyeye Kasim ayinda (sonbahar/test 4) ulasildi.
Kortizol hormonunda maksimum seviyeye Ocak ayinda
ulagild1 (kis/test 1). WBC'de maksimum seviyeye Nisan'da
ulagildi (ilkbahar/test 2); HGB'de maksimum seviyeye Nisan
ve Haziran aylarinda ulasildi (ilkbahar/test 2 ve yaz/test 3).
RBC, PLT, PP, AP, MP ve PD degerlerinde maksimum
seviyeye Haziran ayinda ulasildi (yaz/test 3) (tablo 2). Grup
ici Kkarsilagtrmalarda vitamin D, PP, AP ve PD
parametrelerinde anlamli farklilik saptandi (p<0,012) (tablo
4). Gruplar arasi karsilastirma sonucunda, sadece testesteron
hormonunda anlamli farklilik oldugu saptandi (p<0,012-
p<0,05) (tablo 5). Calisma sonuglarinin literatiirdeki
sonuglarla genellikle benzer oldugu goriildii. Yaz aylarinda
testosteron artisinin  hava sicakligi ile iligkili oldugu
diigiiniildii. Kis aylarinda maksimum diizeyine ulasan

kortizoliin antrenman, miisabaka, kamp donemi gibi
yogunluklardan kaynaklandigi disiintildii. Yaz aylarinda
artmaya baslayan ve sonbahar aylarinda maksimum seviyeye
ulagsan D vitamininin yazin bir uzantisi oldugu diisiiniildii.
Ayni1 zamanda aktif kayak donemi genellikle sonbahar-kis
aylaridir. Sporcularin daha yiiksek irtifalarda dogrudan ve
daha yogun kis gilinesine maruz kaldiklar1 g6z Oniine
alindiginda sonuca 6nemli etkisi oldugu diisiiniilmektedir.
Katilimcilarin cinsiyeti ve yasi, antrenman yapilan rakimin
yiiksekligi, antrenman ortami ve antrenman seviyesi dikkate
almdiginda olasi sonuglarin elde edildigi diisliniilmektedir.
Yine de farkli yas gruplarini inceleyen ¢ok denekli ve ¢ok
tekrarli ¢aligmalara ihtiyag vardir.
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