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Abstract

Purpose:The purpose of the study is to determine possible association of 25 (OH) vitamin D (VD) level
with acute upper respiratory tract infections (URTI) as well as with overtraining syndrome (OS) among elite
wrestlers.

Material: The study was planned as a prospective, non-interventional, observational study. Participants
included 40 elite wrestlers and 60 control individuals. Serum levels of 25(OH) VD and TNF-a, IFN-y and IL-4
were detected by ELISA technique. Parasites were diagnosed by triple coproscopy. OS was diagnosed on the
basis of typical symptoms and decreased performance. Morbidity and frequency of acute URTI in participants
were determined by self-reported questionnaire and medical cards.

Results: Predominance of VD deficiency/insufficiency was found in elite athletes and the control
individuals (P>0.05). Prevalence of VD deficiency/insufficiency depends on the season, but in every season the
highest values were observed among athletes. The highest level of TNF-a (31+11.9%) and the lowest of IFN-y
(5.9+£2.9%) were observed in athletes with VD deficiency. Changes in the level of IL-4 were less expressed.
Frequency of episodes of URTI depends on VD level and the most number was detected in wrestlers with VD
deficiency in winter-spring. Symptoms of OS were identified in 17 (42.5%) wrestlers, 6 (35.2%) of them
reported about disappearance of OS symptoms after elimination of intestinal parasites.

Conclusions:VD deficiency/insufficiency is widely spread both in elite wrestlers and the control
individuals. Monitoring of VD level in elite athletes with subsequent correction is necessary. VD
deficiency/insufficiency in athletes correlates with high morbidity with URTI and could be associated with OS.
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Introduction

Athletes are at risk for injuries and their prevention and rehabilitation are aspects of great importance.
Upper respiratory tract infections (URTI) are the most common reason for non-injury-related presentation to a
sports medicine clinic, accounting for 35-65% of illness presentations. URTI can have a negative impact on the
health and performance of athletes undertaking high levels of strenuous exercise. The cause of upper respiratory
symptoms in athletes can be uncertain, but the majority of cases are related to common respiratory viruses,
viralreactivation, and allergic responses to aeroallergens and exercise-related trauma to the integrity of
respiratory epithelial membranes. Bacterial respiratory infections are less common in athletes (Gleesonet al.,
2016).

Elite athletes are at a greater risk for injuries and URTI; during the Olympic Games in 2016 (Rio de
Janeiro), medical staff reported 9.8% injuries and 5.4% illnesses. Of the illnesses, 47% affected the respiratory
system and 21% the gastrointestinal system (Smith2000). Another important problem in sport is overtraining
syndrome(OS). Etiology of OS remains unclear and the term “unexplained underperformance syndrome”
adopted in UK(Lewis et al., 2015) seems to be more justified, because it emphasizes the complexity of the
syndrome and itsmultifactorial etiology.

Above mentioned problems are connected or could be connected with vitamin D (VD)
deficiency/insufficiency, which is widespread throughout the world, including countries subtropical and tropical
countries (Cashman et al., 2016; Dhibaret al., 2018). VD deficiency is common in athletes. For athletes
presenting with stress fractures, musculoskeletal pain and frequent illness, one should have a heightened
awareness of the additional likely diagnosis of VD deficiency. Correction of the VD deficiency is completed by
standardized and supervised oral supplementation protocols producing significant musculoskeletal sports
healthbenefits(Shuleret al., 2012; Ksiazek et al., 2018; Fitzgeraldet al., 2018). VD influences the musculoskeletal
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health and mineral homeostasis. Aserum level > 30 ng/ml provides sufficient mineralization of non-mineralized
bone matrix and positively correlated with an accelerated regeneration of muscular force. Levels above 40 ng/ml
provided a protective effect on the development of stress fractures. Levels above 50 ng/ml are required for
athletes to achieve maximal physical performance(Butscheidtet al., 2017).VD deficiency/insufficiency correlated
with a high frequency and severe course of URTI (Owenset al. 2018). VDsupplementation is considered as a safe
and inexpensive method for URTI prevention (Zitterman et al. 2016; Martineauet al. 2017). This effect can be
due to the capacity of VD to increase expression ofantimicrobial proteins; in particular cathelicidin in
macrophages (Chesdachiet al., 2016).Evaluation of the VD deficiency/insufficiency prevalence among athletes
as well as among healthy individuals has not been carried out in Uzbekistan previously.

The purpose of the study is to determine possible association of 25 (OH) vitamin D (VD) level with acute
upper respiratory tract infections (URTI) as well as with overtraining syndrome (OS) among elite wrestlers.

Materials and methods

The prospective, non-interventional, observational study was conducted on the basis of the Uzbek State
University of Physical Education and Sport and Research Institute of Epidemiology, Microbiology and
Infectious Diseases, Tashkent, Uzbekistan, during the period from January 2017 till January 2018.

The study was approved by the Medical Ethics Committee of the Ministry of Health of the Republic of
Uzbekistan in accordance with the Declaration of Helsinki. All participants were fully informed about the
rationale for the study. Both informed and written consents were obtained from athletes and the control
individuals.

Study participants included 40 elite athletes engaged in freestyle and Greco-Roman wrestling (all males)
at the age of 19-24 years. The control group (n=60) for comparison of VD and cytokines level included healthy
individuals of the same sex and age without expressed manifestations of diseases. All the participants were
residents of Uzbekistan. Participants were required to complete a comprehensive health screening questionnaire
and medical examination prior to starting the study. Participants could be included if they were currently healthy
(with no health problems or infection symptoms within the previous two weeks), engaged inregular sports
training at least six months and at least 3 h of total moderate/high-intensity training time per week.Participants
representing one or more of the following criteria were excluded from participation: smoking or use of any
medication, suffering from or had a history of chronic infectious and noninfectious diseases (cardiac, hepatic,
renal, pulmonary, neurological, gastrointestinal, hematological or psychiatric).

Morbidity, frequency, duration and severity of acute URTI and the data on the features of the diet during
the year in elite athletes and the control individuals were determined by self-reported questionnaire, which was
completed two times: in August and January and medical cards of athletes.. The study was provided in August
and January taking into consideration climate features of Uzbekistan. The climate of Uzbekistan is continental,
with hot summer and cold winter. On evidence derived from the Centre of Hydro meteorological Service of the
Republic of Uzbekistan summer temperatures often surpass 40°C; winter temperatures average about 2°C, but
may fall rarely as low as —40°C. The hottest period continues from June 25 until August 5. The coldest period
continues from the 26 of December to 5 of February. The number of sunny days in a year is more than 300.

Table 1 presents criteria of acute URTI severity, estimating according to data presented in self-reported
questionnaire, medical history and the results of medical examination of participants.

Immunological tests. Participants were required to abstain from any strenuous physical activity for 24 h
before coming to the laboratory. Five milliliters of peripheral venous blood was taken (after 8-12 hours of
fasting) from each participant and were collected into Human Tube Serum Gel — C/A for ELISA. All blood
samples were collected in August and January. Total serum 25(OH) VD concentration was measured using
commercially available ELISA kits (Dia Source, Belgium) according to the manufacturer’s protocol, with the
average intra-assay coefficient of variation (CV) below 4.0%. Serum VD level was classified as reported by
Holick(Holick et al.,2011). Levels of VD <20, 21-29, >30-150, and >150 ng/ml were considered as VD
deficiency, VD insufficiency, VD sufficiency and VD intoxication, respectively.

Table 1. Criteria for diagnosis and assessing the severity of acute URTI*

URTI severity Criteria

Mildcourse Presence of several symptoms of acute URI: blocked nose, runny nose, dry cough, coughing up
mucus, headache, sneezing, sore throat, muscle pains, painful pressure in ears, dizziness, loss
of appetite, feeling feverish, hoarseness, watery eyes, chills, joint pains, wheezing; absence of
complications and exacerbation of symptoms.

Intermediatecourse Presence of several above-mentioned symptoms of acute URI; fever (>38°C); impairment of
general condition; use herbal, antibiotics/antiviral drugs and medicine against pain, fever;
Severecourse Presence and progressive character of above-mentioned symptoms of acute URTI; fever

(>38°C), impairment of general condition; use antibiotics/antiviral drugs and medicine against
pain, fever; development of complications; results of clinical, laboratory and instrumental
examination (if any); data from medical history (if any);

*Diagnosis and severity of URTTI is confirmed by physician
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TNF-a was detected by ELISA technique using a LLC kit, Vector-Best, Novosibirsk, Russia. The intra-
assay was 3.5%, and the inter-assay CV was 3.8%.

IL-4 was detected by ELISA technique using a LLC kit, Vector-Best, Novosibirsk, Russia. The minimum
detectable concentration was 0.039 pg/ml. The inter- and intra-assay CV for 1l1-6 were <10% and <8%,
respectively.

IFN-y was detected byELISA technique using a LLC kit, Vector-Best, Novosibirsk, Russia. The inter-
and intra-assay coefficients of variation for IFN-y were <12% and <10%, respectively. The detection limits for
IFN-y was <0.8 pg/ml.

Parasitological analysis. Previously, authors (Kerimov et al.,2014) examining junior wresters showed
that intestinal parasites can imitate OS due to the rather high frequency of astenoneurotic syndrome manifesting
bythe symptoms typical for OS: irritability, mood swings, increased fatigability, performance decrement, sleep
disturbances anorexia, etc.

The parasitological diagnosis was performed by triple coproscopy using formalin-ethyl acetate
concentration technique and iodine stained smear in January. The intensity of protozoa was estimated by the
number of protozoa in the field of view (ocular x10, objective x40) in iodine stained smears taken before
application of formalin-ethyl acetate concentration technique, the number of protozoa was calculated at least in
10 fields of view. 1-2, 3-4 and 5-6 microorganisms in a field of view were considered as infection of low, mean
and high intensity respectively.

The performers of immunological and parasitological diagnosis did not have access to any information
about an individual under examination. All information was blinded.

Statistical analysis. Data analysis was performed with the program Origin 6.1 (OriginLab, Northampton,
MA).Results are expressed as meantstandard error (SEM) for continuous variables and number (percentage)
forcategorical data. For numerical variables the independent/paired t test were used. The P value <0.05 was
considered as statistically significant.

Results

40 elite wrestlers and 60 control individuals were enrolled in the study. Thirty-two were excluded as 13
participants refused to participate, and 19 did not meet the inclusion criteria (Figure 1). Analysis of baseline
characteristics didn’t show any significant differences between elite athletes and the control individuals (Table
2).

| Participants (n=132) |

e

Elite athletes (n=50) ‘ | Control individuals (n=582)
Excluded (n=6): Excluded (n=22):
= -Did net meet the inclusion criteria -Did not meet the inclusion criteria  |—w
(n=2) n=17)
- Consent not given (n=4) - Consent not given (n=5)
¥
Completing self-reported questionnaire, Completing self-reported questionnaire,
parasitological and serological analysis parasitological and serological analysis
(Aungust) (n=44) (Aungust) (n=60)

Excluded (n=4):

s -Befused to participate 1n the study
at own request (n=4)

Completing self-reported questionnaire and Completing self-reported questionnaire and
serological analysis (January) (n=40) serological analysis (January) (n=60)

Fig 1. The selection process of the participants.

2179

JPES ®  www.efsupit.ro



FIKRATKERIMOV, JAMSHIDUMAROV, SOSLAN ADYRKHAIEV, GEORGIYKOROBEYNIKOV,
VLADIMIR POTOP, ABDURAKHIMTOYCHIEV, NICOLAYDAVIS, SVETLANAOSIPOVA,
LESIAKOROBEYNIKOVA, IURII PAVLENKO

Table 2. Baseline characteristics of participants

Characteristics Wrestlers (n=40) g::g;; lindividuals P-value
Age in years (SEM) 22.1(0.3) 20.3 (0.7) >0.05
Stature in m (SEM) 1.75(1.2) 1.71 (4.0) >0.05
Body mass in kg (SEM) 75.6 (4.3) 63.4(5.1) >0.05
BMI in kg/m* (SEM) 23.2(1.9) 21.9(1.3) >0.05
Skin phototypes-no.(%+SE)
Fair skin, blue eyes 5(12.5£5.2) 11 (18.3+4.9) >0.05
Darker white skin 19 (47.5+£7.8) 21 (35+6.1) >0.05
Light brown skin 6 (15+5.6) 18 (30+5.9) >0.05
Brown skin 10 (25+6.8) 10 (16.7+4.8) >0.05
Career duration, (SEM) 8.2(1.2) -
Amount of wrestling, hr/week 17 -
Amount of gym training, hr/week 6 -
Symptoms of OS*, no.(%) 17 (42.5) -

* OS symptoms includes absence of sport enthusiasm, mood swings, problems with concentration, sleep
disturbances, increased fatigability, anorexia, reduced performance, increased morbidity, injury frequency etc.
[17].

During the analyzing of self-reported questionnaire diet features of elite wrestlers and the control
individuals were determined. The main daily using food products by athletes as well as the control individuals
are milk, heavy milk, cheese, rice, buckwheat, vegetable oil, butter, beef, lamb meat, chicken, fruit, vegetables,
eggs, bread. Analysis of diet features of athletes revealed that 60% of athletes daily use food products with low
content of VD, only 40% athletes’ daily use food products with medium content of VD. No significant difference
between elite athletes and the control individuals in diet features was revealed.

Figure 2 demonstrates that in both groups vitamin D deficiency/insufficiency was prevalent. Frequency of
VDdeficiency was higher in both groups in winter. The number of individuals with VD sufficiency was higher in
the control group, but even in summer this index amounted to only 30%, in spite of the abundance of sunny days
in the year, dropping to 10% in winter.

[ Sufficiency (>30 ng/ml) [ Sufficiency (=30 ng/ml)
A I [nsufficiency (20-29 ng/ml) B I 1nsufficiency (20-29 ng/ml)
2 90 - Deficiency (<20 ng/ml) =z 80 - Deficiency (<20 ng/ml)
H E
E 80 % E 70 4
= 5 &
25 nd B
é E 5 60 -
s o0 £
. S g s+
] 50 TE
g 2% w4
z 40 £ E
| ZE wd
H 30 z’ z .
:: 20 4 :E &; 204
Ze sz
‘; : 10 4 § S 10+
E 3 = £
25 ] . iz i
£ Wrestlers (n=40) Control individuals (n=60) K] Wrestlers (n=40) Control individuals (n=60)
Participants Participants
Figure 2. The level of serum 25(OH) VD in elite wrestlers and the control individuals in August (A) and January
(B).

A) Sufficiency,insufficiency, deficiency of serum 25(OH) VD in August was detected in 10+%, 80%, 10%of
elite wrestlers (n=40) and 30+%, 60%, 10%of the control individuals (n=60), respectively;

B) Sufficiency of serum 25(OH) VD in January was detected only in 10+% of the control individuals (n=60);
insufficiency, deficiency of serum 25(OH) VD in August was detected in 70%, 30% of elite wrestlers (n=40) and
70%, 20% of the control individuals (n=60), respectively.

Table 3showsthe level of serum cytokines (TNF-a, IFN-y, IL-4) in elite athletes with various level of
serum VD. The table demonstrates significant dependence of the level of proinflammatory cytokines TNF-o and
IFN-y on VD deficiency/insufficiency

Table 4 shows the frequency of URTI during summer-autumn and winter-spring periods among athletes
and the control individuals. In both groups, URTI were observed more frequently in winter-spring period.
However, more than 5 episodes of URTI were detected only in elite athletes in winter-spring. 3-4 episodes of
URTI regardless of the season were significantly more frequently detected in wrestlers in comparison with the
control individuals (P<0.05). Absence of URTI was observed in very low percentage of elite athletes versus the
control individuals.
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Table 3. The level of serum cytokines in elite wrestlers with various level of serum VD

Cohort under study TNF-a TFN-y IL-4
pg/ml pg/ml pg/ml
Athletes with VD deficiency (n=5) 31+11.9* 5.942.9* 4.3+1.8
Athletes with VD insufficiency (n=10) 22+7.1% 8.1£3.2%* 5.1£2.2
Athletes with VD sufficiency (n=3) 9+15 1018 2+4
Control individuals with VD sufficiency (n=12) 4.1£2.7 17.943.1 3.5¢1.9

*- significant difference with the control individuals (P<0.05)

Table 4. The frequency of URTI during summer-autumn and winter-spring periods among athletes and
thecontrol individuals

The number of The frequency of URTI among participants (%) during summer-autumn andwinter-
episodes of URTI spring periods frequency and (%)
Wrestlers (n=40) Control individuals (n=60)
summer-autumn winter-spring summer-autumn winter-spring
Absence of URTI 15 (37.5)* - 55 (91.6) 24 (41.1)
<2 episodes 25 (62.5)* 5(12.5)* 5(8.3) 20 (33.3)
3-4 episodes - 34 (85)* - 6 (16.6)

>5 episodes - 1(2.5) - -

*- significant difference with the control group (P<0.05)

The prevalence of Enterobiusvermicularis,Hymenolepis nana and Giardia lambliain elite wrestlers and
the control individuals amounted to 1 (2.5%), 2 (5%), 5 (12.5%) and 5 (8.3%), 3 (5.0%), 9 (15.0%), respectively.
In total, the prevalence of intestinal parasites in elite wrestlers and the control individuals amounted 8 (20%) and
17 (28.3%), respectively (P>0.05). Standard antiparasitic therapy was conducted in elite athletes as well as
control individuals After complete course of antiparasitictherapy in 6 (35%)from 17 infected elite wrestlers OS
typical symptoms disappeared without any changes in training condition. 5 of the infected athletes with
persistent OS after parasites elimination were undergone to careful medical examination. Any diseases
connected with OS were not diagnosed as well as features in training processes specifying OS (evaluation of
athletes and coaches). But this group was characterized by low VD level: 2 athletes with VD deficiency and 3
with VD insufficiency (in all of them VD level was at thelowest values in the range of VD insufficiency). It
allows to suppose a possible association of OS with VD deficiency/insufficiency.

Discussion

The study is the first experience of detection VD level and its influence on acute URTI morbidity among
elite wrestlers in Uzbekistan. The predominance of VD insufficiency was found in both groups of elite athletes
and in the control individualsdespite the large number of sunny days in the country (>300 days per year). Diet
features of study participants are associated with regional diet habits and geographical location. Access to sea
foods containing a high content of VD is almost absent in Uzbekistan. Other food products containing high
content of VD also rarely using in daily foodration. As supposed, an insufficient dietary VD intake has been
found among elite athletes. Higher prevalence of VD insufficiency/deficiency in elite athletes could be explained
by the influence of significant physical load, participation time in indoor trainings and diet features. It is
important to note that the current study population consisted mainly of elite athletes with a white skin colour and
that the seasonal variation of VD might be different in athletes with a darker skin colour. Our data confirm
literature data about the high prevalence of inadequate VD level among athletes and the general population
(Holicket al., 2008; Farrokhyaret al., 2014; Hilgeret al., 2014; Poudowskiet al., 2014; Dahlquist et al., 2015;
Kreher et al., 2015).

The regulatory effect of 25(HO) VD on the immune system is well known. Active 25(HO) VD induces
the synthesis of antimicrobial peptides by the natural killers and respiratory tract epithelial cells (Morcoet
al.,1998; Bikle2009), as well as up regulated S100 protein and calprotectin levels were identified under the effect
of active 25(HO) VD (Di Giudaet al., 2000). In the case of a VD deficiency, the immune response is disrupted
and leukocyte chemotaxis is reduced (Szodorayet al., 2009; Walkeret al., 2009). The rate of infection diseases
rises due to disrupted immunity. Yim and colleagues (2007)(Yimet al., 2007) revealed that cathelicidin synthesis
was impaired in the bronchial epithelial cells in patients with frequent respiratory tract infection. Deterioration of
synthesis of the 25(HO) VD dependent immune regulator proteins such as cathelicidin, defensin S100, and
calprotectin may clarify the increased URTI in patients with 25(HO) VD deficiency. It also be connected with a
significant decrease of [FN-y level in athletes with VD deficiency/insufficiency that was observed in our study. It
is in accordance of with data of Klinkhammer et al. (2018) (Klinkhammeret al.,2018)thatIFN-A has a decisive
and non-redundant function in the upper airways and greatly limits transmission of respiratory viruses. Increase
of IL-4 was less expressed.
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Nasal mucociliary clearance time was significantly increased in patients with VD deficiency which might
be one of the pathophysiologic pathways at increased URTI (Akcanet al., 2019). Some studies propose that
25(HO) VD may be effective in protecting against respiratory tract infections(Leviet al., 2013;Cannellet al.,
2016; Maromet al., 2016). The pathophysiologic pathway of the increased rate of URTI still remains unclear.
The most known hypothesis is an impaired immune response in patients with VD deficiency. However, this is
not well documented and not enough to explain pathophysiologic pathways.

We found a significant elevation of TNF-a and decrease of IFN- y in the athletes with VD deficiency,
which is a biomarker of inflammation. These data are in agreement with data of Willis (Williset al., 2012)on
correlation of VD insufficiency with elevated level of TNF-a and decreased of IFN-y. Pathophysiology of the
OS has not been determined yet. Cytokine hypothesis seems to be close to reality, because the pro-inflammatory
cytokines IL-1b and TNF-a affect the brain, causing a decrease in appetite, sleep disturbance and depression,
cytokines can act directly on the central receptors or activate the axis hypothalamus-pituitary-adrenal glands,
releasing stress hormones, which leads to the same effect (Fitzgerald et al., 2018). There is evidence of an
increase in the level of these cytokines in patients with depression (Smith, 2000). Thus, VD deficiency can
impose OS manifestation.

Decreases of anti-inflammatory IL — 4 were less expressed. Thus, the dynamics of the cytokines level in
deficiency/insufficiency and sufficiency of VD indicates the effect of VD on the immune system. In particular,
reduction of IFN-y increases susceptibility to URTI. The number of athletes with VD sufficiency was too small,
but it is obvious that IFN-y level is lower than that in healthy individuals, apparently due to significant physical
load.Identified trend to elevation of URTI morbidity in athletes with VD deficiency and lower values of VD
insufficiency, changes of the cytokine profile of our results are in accordance with the data by Greiller&
Martineau (Greilleret al., 2015)on the role of VD in resistance to URTL

Efficiency of the training process must be ensured by an adequate balance of training load and recovery.
OS can be developed through excessive muscle loading and additional stresses (Kreheret al., 2017). In our study
symptoms of OS were identified in 17 (42.5%) wrestlers, 6 (35.2%) of them reported about disappearance of OS
symptoms after elimination of intestinal parasites. We assume that OS can be connected with intestinal parasite
infestation and VD deficiency/insufficiency. Our data on a role of VD is supported by Sedaghat(Sedaghatet al.,
2018)who established in experiments on animals subjected to chronic stress that VD (1,25-(OH)2VD3)
improved the condition of animals, eliminating the main symptoms of stress, which can be interpreted as an
indication the role of VD in the OS development.

Limitations

Our study has several limitations. Firstly, the number of participants who adequately completed the self-
reported questionnaires and give consent to participation was lower than anticipated. Another limitation is that
the diagnosis of acute URTI was only symptomatically and verification of the etiology of diseases was not done
due to the difficulty of diagnosis of wide spectrum of infectious agents of acute URTL.Some athletes didn’t agree
to give blood samples for cytokines detection.

Conclusions

VD deficiency/insufficiency is widely spread both in elite wrestlers and healthy individuals. VD
deficiency/insufficiency in athletes correlates with high morbidity with URTI. Seasonal monitoring and
correction of VD level for normalization of cytokine profile and decrease of URTI morbidity is definitely
advised. Further trials are necessary for evaluation of a role of VD status and intestinal parasite in development
of OS in elite athletes.

Conflict of interest
The authors state no conflict of interest.

References

Akcan, F. A., Diindar, Y., Akcan, H. B., Uluat, A., Cebeci, D., &Unlii, 1. (2019). Evaluation of nasal mucociliary
clearance time in patients with Vitamin-D deficiency. European Archives of Oto-Rhino-Laryngology, 1-6.doi:
10.1007/s00405-019-05286-y

Bikle, D. Nonclassic actions of Vitamin-D. (2009). Journal ofClinical Endocrinology and Metabolism, 94, 26—
34.

Butscheidt, S., Rolvien, T., Ueblacker, P., Amling, M., &Barvencik, F. (2017). Impact of vitamin D in sports:
does vitamin D insufficiency compromise athletic performance?. SportverletzungSportschaden: Organ der
Gesellschaft fur Orthopadisch-TraumatologischeSportmedizin, 31(1), 37-44.doi: 10.1055/s-0042-121748.
Cannell, J.J., Vieth, R., Umhau, J.C. (2006). Epidemic influenza and vitamin D. Epidemiol Infect., 134, 1129-
40.

2182

JPES ®  www.efsupit.ro



FIKRATKERIMOV, JAMSHIDUMAROV, SOSLAN ADYRKHAIEV, GEORGIYKOROBEYNIKOV,
VLADIMIR POTOP, ABDURAKHIMTOYCHIEV, NICOLAYDAVIS, SVETLANAOSIPOVA,
LESIAKOROBEYNIKOVA, IURII PAVLENKO

Cashman, K.D., Dowling, K.G., Skrabakoova, Z. (2016). Vitamin D deficiency in Europe: pandemic? The
American journal of clinical nutrition;103(4), 1033—1044.d0i:10.3945/ajen.115.120873.

Chesdachai, S., Zughaier, S. M., Hao, L., Kempker, R. R., Blumberg, H. M., Ziegler, T. R., &Tangpricha, V.
(2016). The effects of first-line anti-tuberculosis drugs on the actions of vitamin D in human
macrophages. Journal of clinical & translational endocrinology, 6, 23-29.d0i:10.1016/j.jcte.2016.08.005.
Dahlquist, D. T., Dieter, B. P., & Koehle, M. S. (2015). Plausible ergogenic effects of vitamin D on athletic
performance and recovery. Journal of the International Society of Sports Nutrition, 12(1), 33.
doi:10.1186/s12970-015-0093-8.

Dhibar, D.P., Sahu, K.K., Bhadada, S.K. (2018). Vitamin D deficiency: Time for a reality check of the
epidemiology. Re. "The increasing problem of subclinical and overt hypervitaminosis D in India: An
institutional experience and review." Nutrition,45, 145. d0i:10.1016/j.nut.2017.04.007.

Di Giuda, D., Galli, J., Calcagni, M. L., Corina, L., Paludetti, G., Ottaviani, F., De Rossi, G.I.U. (2000).
Rhinoscintigraphy: a simple radioisotope technique to study the mucociliary system. Clinical nuclear
medicine, 25(2), 127.

Farrokhyar, F., Tabasinejad, R., Dao, D., Peterson, D., Ayeni, O. R., Hadioonzadeh, R., & Bhandari, M. (2015).
Prevalence of vitamin D inadequacy in athletes: a systematic-review and meta-analysis. Sports medicine, 45(3),
365-378.d0i:10.1007/s40279-014-0267-6.

Fitzgerald, J. S., Orysiak, J., Wilson, P. B., Mazur-Rozycka, J., &Obminski, Z. (2018). Association between
vitamin D status and testosterone and cortisol in ice hockey players. Biology of sport, 35(3), 207-213.
doi: 10.5114/biolsport.2018.74631.

Gleeson, M., Pyne D.B. (2016). Respiratory inflammation and infections in high-performance athletes.
Immunology and cell biology, 94(2), 124-31. doi:10.1038/icb.2015.100.

Greiller, C., Martineau, A. (2015). Modulation of the immune response to respiratory viruses by vitamin
D. Nutrients, 7(6), 4240-4270.d0i:10.3390/nu7064240.

Hilger, J., Friedel, A., Herr, R., Rausch, T., Roos, F., Wahl, D. A., Hoffmann, K. (2014). A systematic review of
vitamin D  status in  populations  worldwide. British  Journal  of  Nutrition, 111(1), 23-45.
doi:10.1017/S0007114513001840.

Holick, M. F., & Chen, T. C. (2008). Vitamin D deficiency: a worldwide problem with health consequences. The
American journal of clinical nutrition, 87(4), 1080S-1086S.doi.org/10.1093/ajcn/87.4.1080S.

Holick, M. F., Binkley, N. C., Bischoff-Ferrari, H. A., Gordon, C. M., Hanley, D. A., Heaney, R. P., Weaver, C.
M. (2011). Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice
guideline. The Journal of Clinical Endocrinology & Metabolism, 96(7), 1911-1930.doi:10.1210/jc.2011-0385.
Kerimov, F. A., Islamova, J. L., Davis, N. A., Syrov, V. N., &Ocipova, S. O. (2014). Intestinal Parasitic Diseases
in Junior Wrestlers: Imitation of Overtraining Syndrome. International Journal of Wrestling Science, 4(2), 15-
18.d0i:10.1080/21615667.2014.954486.

Klinkhammer, J., Schnepf, D., Ye, L., Schwaderlapp, M., Gad, H.H., Hartmann, R, Garcin, D., Mahlakdiv, T.,
Staeheli, P. (2018) IFN-A prevents influenza virus spread from the upper airways to the lungs and limits virus
transmission.eLife, 7: €33354. doi: 10.7554/eLife.33354.

Kreher J.B., Shwartz J.B. Overtraining syndrome. A practical guide. Sports Health. 2012;333(3):185-
192.d0i:10.1177/1941738111434406.

Ksigzek, A., Dziubek, W., Pietraszewska, J., Stowinska-Lisowska, M. (2018). Relationship between 25 (OH) D
levels and athletic performance in elite Polish judoists. Biology of sport, 35(2), 191-196.
doi: 10.5114/biolsport.2018.74195.

Levi, J. R., Brody, R. M., McKee-Cole, K., Pribitkin, E., O’Reilly, R. (2013). Complementary and alternative
medicine for pediatric otitis media. International journal of pediatric otorhinolaryngology, 77(6), 926-
931.d0i:10.1016/].ijporl.2013.03.009.

Lewis, N.A., Dave, C.D., Pedlar, Ch. R., Rogers, J.P. (2015). Can clinicians and scientists explain and prevent
unexplained underperformance syndrome in elite athletes: an interdisciplinary perspective and 2016 update. BMJ
Open Sport Exerc Medicine;1(1), €000063.doi:10.1136/bmjsem-2015-000063.

Marom, T., Marchisio, P., Tamir, S. O., Torretta, S., Gavriel, H., & Esposito, S. (2016). Complementary and
alternative medicine treatment options for otitis media: a systematic review. Medicine, 95(6),
€2695.doi: 10.1097/MD.0000000000002695.

Martineau, A. R., Jolliffe, D. A., Hooper, R. L., Greenberg, L., Aloia, J. F., Bergman, P., Goodall, E. C. (2017).
Vitamin D supplementation to prevent acute respiratory tract infections: systematic review and meta-analysis of
individual participant data. bmj, 356, 16583. doi:10.1136/bmj.i6583.

Morcos, M. M., Gabr, A. A., Samuel, S., Kamel, M., Michail, R. R. (1998). Vitamin D administration to
tuberculous children and its value. Bollettinochimicofarmaceutico, 137(5), 157-164.

Owens, D. J., Allison, R., & Close, G. L. (2018). Vitamin D and the athlete: current perspectives and new
challenges. Sports medicine, 48(1), 3-16.doi:10.1007/s40279-017-0841-9.

2183

JPES ®  www.efsupit.ro



FIKRATKERIMOV, JAMSHIDUMAROV, SOSLAN ADYRKHAIEV, GEORGIYKOROBEYNIKOV,
VLADIMIR POTOP, ABDURAKHIMTOYCHIEV, NICOLAYDAVIS, SVETLANAOSIPOVA,
LESIAKOROBEYNIKOVA, IURII PAVLENKO

Pludowski, P., Grant, W. B., Bhattoa, H. P., Bayer, M., Povoroznyuk, V., Rudenka, E., Lorenc, R. (2014).
Vitamin D status in central Europe. International Journal of Endocrinology, .doi:10.1155/2014/589587.
Sedaghat, K., Yousefian, Z., Vafaei, A. A., Rashidy-Pour, A., Parsaei, H., Khaleghian, A., &Choobdar, S.
(2019). Mesolimbic dopamine system and its modulation by vitamin D in a chronic mild stress model of
depression in the rat. Behavioural brain research, 356, 156-169.doi:10.1016/1.bbr.2018.08.020.

Shuler, F. D., Wingate, M. K., Moore, G. H., Giangarra, C. (2012). Sports health benefits of vitamin D. Sports
health, 4(6), 496-501.doi: 10.1177/1941738112461621.

Smith, L.I. (2000). Cytokine hypothesis of overtraining: a physiological adaptation to excessive stress? Medicine
& Science in Sports & Exercise, 32,317-331.

Szodoray, P., Nakken, B., Gaal, J., Jonsson, R., Szegedi, A., Zold, E.(2008). The complex role of Vitamin-D in
autoimmune diseases. Scandinavian Journal of Immunology, 68, 261-269. doi.org/10.1111/j.1365-
3083.2008.02127.x.

Walker, V. P., &Modlin, R. L. (2009). The vitamin D connection to pediatric infections and immune
function. Pediatric research, 65(5), 106R.doi:10.1203/PDR.0b013¢31819dbadl.

Willis, K. S., Smith, D. T., Broughton, K. S., & Larson-Meyer, D. E. (2012). Vitamin D status and biomarkers of
inflammation in runners. Open access journal of sports medicine, 35(3), 35-42. doi:10.2147/0AJSM.S31022.
Yim, S., Dhawan, P., Ragunath, C., Christakos, S., & Diamond, G. (2007). Induction of cathelicidin in normal
and CF bronchial epithelial cells by 1, 25-dihydroxyvitamin D3. Journal of Cystic Fibrosis, 6(6), 403-
410.doi:10.1016/j.jc£.2007.03.003.

Zittermann, A., Pilz, S., Hoffmann, H., &Mirz, W. (2016). Vitamin D and airway infections: a European
perspective. European journal of medical research, 21(1), 14. doi.org/10.1186/s40001-016-0208-y.

2184

JPES ®  www.efsupit.ro



