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Arctic is a region with extreme environmental conditions that 
adversely affect body's functional state by reducing its reserve 
capacity, complicate the daily routine and implementation of the 

people's professional activity [1]. This climate zone is characterized 
by inadequate ultraviolet insolation being the key prerequisite for 
the pathogenesis of body's vitamin D insufficiency [2–6]. 
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ОЦЕНКА ОБЕСПЕЧЕННОСТИ ВИТАМИНОМ D, КАЛЬЦИЕМ И ФОСФОРОМ ЛИЦ, 
ПРОХОДЯЩИХ СЛУЖБУ В УСЛОВИЯХ АРКТИКИ

Неадекватная ультрафиолетовая инсоляция является одним из ключевых условий в патогенезе развития D-витаминной недостаточности организма 

на Севере. Целью работы было оценить насыщенность организма витамином D, кальцием и фосфором военнослужащих, проходящих службу по 

контракту в Арктике. В исследовании участвовали военнослужащие, проходящие службу по контракту, работающие на мысе Челюскин и острове 

Диксон (n = 51). В июле определяли содержание в сыворотке крови 25-ОН — промежуточного продукта превращения витамина D, уровень кальция 

ионизированного и общего, фосфора неорганического. В летний период года у военнослужащих, работающих в Арктике  5,9 ± 0,4 года, выявлено 

три уровня обеспеченности витамином D: дефицит (у 29,4%), недостаточность (у 52,9%) и  оптимальный, но в нижней зоне границы нормы, уровень (у 

17,7%). Низкое содержание ионизированного кальция определено в 29,4%  проб крови (15,5 ± 0,6 нг/мл). В 70,6% проб, входящих в границы нормы, 

по Q
25

 были близки к нижней границе нормы (1,16 ммоль/л), по Q
75

 (1,22 ммоль/л) — в нижней половине зоны нормы (1,15–1,35 нг/мл). Общий кальций 

и фосфор неорганический выявлены на уровне нижней зоны  референтных границ (соответственно 2,29 ± 0,009 и 0,83 ± 0,006 ммоль/л). В целом 

на фоне недостаточной насыщенности организма витамином D выявлено снижение содержания ионизированного кальция, что свидетельствует о 

нарушении кальциевого обмена. Его дефицит обусловлен концентрацией и общего кальция и неорганического фосфора, находящихся в нижних зонах 

референтных значений. В период полярной ночи следует ожидать более негативные изменения D-витаминной и фосфорно-кальциевой насыщенности 

организма. Исследование актуализирует проведение в течение всего года восполнение дефицита D и минеральных веществ у военнослужащих.
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ASSESSMENT OF THE VITAMIN D, CALCIUM AND PHOSPHORUS SUFFICIENCY IN INDIVIDUALS 
DEPLOYED IN ARCTIC 

Inadequate ultraviolet insolation is one of the the key prerequisites for the pathogenesis of body's vitamin D insufficiency in the North. The study was aimed to 

assess the body's vitamin D, calcium and phosphorus sufficiency in the contract servicemen deployed in Arctic. The contract servicemen deployed on the Cape 

Chelyuskin and Dixon Island were surveyed (n = 51). The serum levels of 25(OH)D, the intermediate of the vitamin D conversion, along with the ionized calcium, 

total calcium, and inorganic phosphorus levels, were determined in June. Three degrees of the vitamin D sufficiency were revealed in the military, who had been 

deployed in Arctic for 5.9 ± 0.4 years: deficiency (in 29.4%), insufficiency (in 52.9%), and optimal levels (in 17.7%). However, the optimal levels revealed were close 

to the lower limit of normal range. Low ionized calcium levels were found in 29.4% of blood samples (15.5 ± 0.6 ng/mL). A total of 70.6% of samples that were 

within normal range were close to the lower limit of normal range based on Q
25

 (1.16 mmol/L) and were within the lower half of normal range (1.15–1.35 ng/mL) 

based on Q
75

 (1.22 mmol/L). The measured total calcium and inorganic phosphorus levels were close to the lower limits of reference ranges (2.29 ± 0.009 and 

0.83 ± 0.006 mmol/L, respectively). In general, the reduced ionized calcium levels associated with vitamin D insufficiency were revealed, which were indicative of 

impaired calcium metabolism. The vitamin D deficiency results from the total calcium and inorganic phosphorus concentrations that are close to lower limits of 

reference ranges. Further negative changes in the body's vitamin D, phosphorus and calcium sufficiency should be expected during polar night. The study actualizes 

the year-round replenishement of the vitamin D and mineral deficiency in the military. 
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Table 1. Serum levels of 25(OH)D and minerals in individuals of the study group (abs.) 

№ Studied parameter, reference range М ± m Me Q
25

–Q
75

1 25(OH)D, 30–100 ng/mL 24,1 ± 0,9 24 17,9–28,7

2 Ionized calcium, 1.15–1.35 mmol/L 1,2 ± 0,005 1,18 1,14–1,2

3 Total calcium, 2.02–2.6  mmol/L 2,2 ± 0,009 2.2 2,14–2,24

4 Inorganic phosphorus, 0.7–1.8  mmol/L 0,8 ± 0,006 0,83 0,79–0,85

Table 2. Characteristics of the study group, 25(OH)D levels

№ Estimated levels Abs., М ± m, ng/mL Me Q
25

–Q
75

Share of the group, %

1 Severe deficiency – – – 0

2 Deficiency 15,5 ± 0,6 16,2 14,0–16,7 29,4

3 Insufficiency 25,4 ± 0,6 25,25 23,3–28,6 52,9

4 Optimal levels 34,1 ± 0,8 34,8 31,7–35,25 17,7

Vitamin D serves a number of important functions in the 
human body; the receptors susceptible to the effects of this 
vitamin are found in many cells of the body. The vitamin affects 
both innate and adaptive immunity; it has been found that 
the vitamin plays a certain role in regulation of neurohormonal 
effects on the brain development, maintaining cognitive 
function, memory, and behavior associated with mental 
disorders [7, 8]. It has been shown that low vitamin D levels 
are associated with the increased risk of a number of cancer 
types and infectious diseases, cardiovascular disorders, 
diabetes mellitus of both types, tuberculosis, bronchial asthma, 
reproductive dysfunction, mental disorders, complications 
of pregnancy [9–11]. The vitamin D deficiency exacerbates 
the severity of autoimmune disorders [12, 13] and affects the 
incidence of infectious and inflammatory diseases [14–19]. A 
correlation between the vitamin D deficiency and the increase 
in hospital admissions of elderly people has been determined 
[20]. Vitamin D plays an important role in the mechanisms of 
oxidative stress and damage to tissues and cells of the body 
[21, 22]. On the one hand, the vitamin D system is regulated by 
epigenetic mechanisms, and on the other hand it is involved in 
regulation of epigenetic events [23].

It is well-known that the vitamin D sufficiency is closely 
related to the calcium and phosphate metabolism [24–26].

The study was aimed to assess the vitamin D, calcium and 
phosphorus sufficiency in the contract servicemen deployed in 
Arctic.

METHODS

The study that was carried out in summer (July) involved males 
(n = 51), the contract servicemen who were deployed in the 
Arctic zone of Russia, on the Cape Chelyuskin and Dixon Island. 

The age of individuals in the study group was 35.3 ± 0.6 
years. The total enlistment period of the individuals in the study 
group was 12.8 ± 0.76 years, the servicemen had been doing 
their duty in Arctic for 5.9 ± 0.36 years. The median value was 6 
years; the interquartile ranges were 4–7 years. The servicemen 
were engaged in professional activities in shifts: they worked 
one day on and one or two days off. On the working days the 
time spent in an open area was 3–7 h. On the days off, except 
those in summer, the time spent in an open area was minimal 
due to weather conditions.

Meals were provided by the canteens at the military units 
in accordance with the food ration № 1 taking into account 
additional food items distributed in the regions of the Far North 
according to regulatory documents.

The body's vitamin D sufficiency was judged by the levels 
of 25(OH)D, the intermediate of the vitamin D conversion, 
in blood samples. Identification was performed by tandem 
mass spectrometry using the AB SCIEX QTRAP 5500 mass 
spectrometer (SCIEX; Germany). The body's vitamin D 
sufficiency was distinguisged based on the 25(OH)D levels: 
severe deficiency (5–10 ng/mL), deficiency (10–20 ng/mL), 
insufficiency (20–30 ng/mL), optimal levels (30–100 ng/mL) [24, 27].

The ionized calcium and total calcium levels were determined. 
The ionized calcium represented a metabolically active form (free 
calcium); the total calcium represented a biologically inactive 
form, it was linked to proteins and other molecules. The ionized 
calcium levels were assessed by ion-selective potentiometry 
using the AVL9180 electrolyte analyzer. The total calcium and 
inorganic phosphorus levels were determined using the helium–
neon laser operating in a fully automatic mode in the AU5800 
hematology analyzer (Abbott; USA). 

The reference ranges were 2.02–2.6 mmol/L for the total 
serum calcium concentration, 1.15–1.35 mmol/L for the ionized 
calcium, and 0.7–1.8 mmol/L for inorganic phosphorus [28]. 

Statistical processing of primary data was performed using 
the Statistica 6.1 software package (StatSoft; USA). The mean 
and standard error of the mean (М ± m), median values and 
quartile deviations (Q

25
–Q

75
) were calculated. Primary data 

were tested for normality using the Kolmogorov–Smirnov 
test, significance of differences for parametric samples 
was calculated using the Student's t-test for the probability of 
р ˂ 0.05.

RESULTS

The 25(OH)D levels in the study group were within the range 
estimated as “close to optimal” (Table 1). However, the Q

25 
value 

showed that there were individuals, whose levels of this vitamin 
corresponded to deficiency. 

The average ionized and total calcium levels and average 
inorganic phosphorus levels were within reference ranges.

When assessing the 25(OH)D levels based on individual 
data, three cohorts of subjects were distinguished showing 
different body levels of 25(OH)D (Table 2). The bulk of the group 
showed 25(OH)D deficiency of insufficient 25(OH)D levels. 
The levels of this vitamin in the cohort with deficiency were 
significantly lower (by 1.6 times; р = 0.001) than in the cohort 
where the 25(OH)D levels were estimated as insufficient, and 
2.2 lower than in the cohort with optimal levels (р = 0.0001). 
The 25(OH)D levels in the cohort 2 were 1.3 times lower than in 
the group 3 (р = 0.001).
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Table 3. Characteristics of the study group, ionized calcium levels 

№ Estimated levels Abs., М ± m mmol/L Me Q
25

–Q
75

Share of the group, %

1 Low levels 1,12 ± 0,003 1,125 1,12–1,14 29,4

2 Normal levels 1,195 ± 0,005 1,2 1,16–1,22 70,6

The average ionized calcium level based on Q
25

 was 
1.14 mmol/L, i.е. it was beyond the lower limit of normal range 
(1.15–1.35 mmol/L). The average value of Q

75
 (1.2 mmol/L) 

showed that this value was just above the median (1.18 mmol/L). 
As for individual data, almost one third of the study group showed 
low levels of this mineral; these were significantly (by 6.7%) lower 
(р = 0.001) than in the cohort with normal levels (Table 3). In 
individuals with normal levels of ionized calcium, the Q

25
 value 

exceeded the lower limit of normal range just by 0.01. 
The individual total calcium levels varied between 2.1 

and 2.27 mmol/L. The median value was 2.2 mmol/L, and 
the interquartile range (Q

25
–Q

75
) was 2.14–2.24 mmol/L. 

Furthermore, individual blood levels of this mineral in subjects of 
the study group were close to the lower limit of reference range.

Inorganic phosphorus was within normal range. Individual 
levels varied between 0.77–0.9 mmol/L, the median value 
was 0.83 ng/mL, and the interquartile range (Q

25
–Q

75
) was 

0.79–0.85 ng/mL. Blood levels of this mineral in subjects of the 
study group were also close to the lower limit of reference range.

Thus, the reduced levels of ionized calcium associated with 
the body's vitamin D insufficiency were revealed, which were 
indicative of the calcium metabolism disorder [28]. Deficiency 
of this vitamin resulted in low total calcium and inorganic 
phosphorus concentrations that were close to the lower limits 
of reference ranges.

DISCUSSION

The values of vitamin D insufficiency in the population vary 
significantly depending on the country, gender, and season [29, 30]. 
Vitamin D deficiency and insufficiency is common in the Russian 
Federation [24].

Ultraviolet light plays an important role in regulation of the 
body's vitamin D sufficiency. Sufficient sunlight exposure of the 
skin sufrace can ensure 80% of the  vitamin D synthesis; not 
only the number of sunny days, but also the intensity of the 
exposed body surface UVB irradiation is important [2]. 

Artic is a zone of severe ultraviolet light deficit resulting from 
the changes in the sun's altitude height above the horizon. Even 
in summer the conditions for absorption of natural UV radiation 
are minimal due to low sun's altitude height and considerable 
losses on foggy and cloudy days (the number of such days 
reaches 75–90%) [1]. 

It is well known that the body's vitamin D levels depend on 
a number of factors, which include the season. For example, 
in St. Petersburg the vitamin D concentrations measured in 
summer were 1.75 times higher than that measured in winter. 
The seasonal improvement in the body's vitamin sufficiency 
was observed in 61.4% of the surveyed individuals in Samara 
versus sufficient vitamin levels found only in 23.4% in winter. 
In autumn, winter, and spring the body does not synthesize 
enough vitamin D [3–6, 31]. 

Despite the fact that our study was conducted in summer, 
the majority of the organized group members had vitamin D 

insufficiency or deficiency. The optimal levels were found only 
in one sixth of the surveyed individuals, however, the average 
levels were close to the lower limit of optimal range. The lowest 
value of interquartile range (Q

25
) was close to the upper limit of 

the range estimated as deficiency (31.75 ng/mL).
Our findings are consistent with the data provided by other 

researchers. Thus, 29% of the adult population of Arkhangelsk 
(subarctic region) have vitamin D deficiency in spring and 
summer, and 41% have vitamin D insufficiency, while students 
show vitamin D deficiency and insufficiency in 40 and 32% of 
cases, respectively (another 8% have severe deficiency) [5].

Vitamin D and its metabolites are an important component 
of the endocrine system that regulates the body's calcium 
homeostasis [32, 33]. The vitamin D active form is an key 
regulator of the calcium and phosphate homeostasis: it is 
involved in maintaining the calcium and phosphate homeostasis, 
bone tissue mineralization and remodeling [23–26]. 

Calcium contained in bones provides structure and strength 
to the skeleton, while calcium present in extracellular fluid and 
cytosol is essential for maintaining numerous biochemical 
processes [26].

During the study the reduced blood levels of ionized calcium 
were found in almost 30.0% of the surveyed individuals, while 
in the others the ionized calcium levels were close to the lower 
limit of reference range. This means that it's physiological 
function, i.e. involvement in blood coagulation as a cofactor, 
maintaining the optimal levels of ions for bone mineralization, 
involvement in stabilization of plasma membranes via binding of 
phospholipids in the lipid bilayer, and involvement in regulation 
of the membrane permeability to sodium, was impaired. The 
increase in membrane permeability to sodium reduces activity 
of all excitable tissues [26].  

The bound calcium and inorganic phosphorus were within 
normal ranges; the values of these parameters were close to 
the lower limits of normal ranges in all the surveyed individuals.

The findings suggest that more considerable changes in 
the body's vitamin D and phosphorus and calcium sufficiency 
would take place during the polar night. 

Thus, the negative shifts in the balance of the vitamin and 
minerals pose health risks to the military deployed in Arctic 
for a long time. The year-round preventive measures should 
be applied fill the deficit in the body's levels of vitamin D and 
minerals.

CONCLUSIONS

In summer, 29.4% of the military, who had been deployed in 
Arctic for 5.9 ± 0.4 years, had vitamin D deficiency, 52.9% had 
vitamin D insufficiency, and 17.7% had optimal vitamin levels. 
Low ionized calcium levels were found in 29.4% of cases. The 
assessment results of 70.59% of samples that were within 
normal ranges were at the lower limit of normal range based 
on Q

25
. The total calcium and inorganic phosphorus levels 

appeared to be close to the lower limits of normal ranges.



62

ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ    ФИЗИОЛОГИЯ

МЕДИЦИНА ЭКСТРЕМАЛЬНЫХ СИТУАЦИЙ   2, 25, 2023   MES.FMBA.PRESS| |

References

1.	 Gudkov AB, Popova ON, Nebuchennyx AA, Bogdanov MYu. 
Ehkologo-fiziologicheskaya xarakteristika klimaticheskix faktorov 
Arktiki. Obzor literatury. Morskaya medicina. 2017; 3 (1): 7–13. 
Russian.

2.	 Babienko VV, Shalygin AV. Ocenka ehffektivnosti primeneniya 
ul'trafioletovogo izlucheniya dlya korrekcii vitamin D deficitnyx 
sostoyanij. Sovremennye problemy gigieny, radiacionnoj gigieny i 
ehkologicheskoj mediciny: sbornik nauchnyx statej Grodno. 2020; 
10: 46–59. Russian.

3.	 Kostrova GN, Malyavskaya SI, i dr. Obespechennost' vitaminom 
D zhitelej g. Arxangel'ska v raznye sezony goda. Zhurnal 
mediko-biologicheskix issledovanij. 2022; 10 (1): 5–14. DOI: 
1 0.37482/2687-1491-Z085. Russian.

4.	 Kozlov AI, Vershubsky GG. Blood serum 25-Hydroxyvitamin D in 
various populations of Russia, Ukraine, and Belarus: a systematic 
review with elements of meta-analysis. Human Physiology. 2017; 
43 (6): 729–40. DOI: 10.1134/S0362119717060044.

5.	 Malyavskaya SI, Kostrova GN, Lebedev AV, Golysheva EV. 
Obespechennost' vitaminom D razlichnyx vozrastnyx grupp 
naseleniya g. Arxangel'ska. Ehkologiya cheloveka. 2016; 12: 37–
42. Russian.

6.	 Korobicyna RD, Sorokina TYu. Status vitamina D naseleniya Rossii 
reproduktivnogo vozrasta za poslednie 10 let. Rossijskaya Arktika. 
2022; 18: 44–55. DOI: 10.24412/2658-4255-2022-3-44-55. Russian. 

7.	 Rylova NV, Malcev SV, Zholinskij AV. Rol' vitamina D v regulyacii 
immunnoj sistemy. Prakticheskaya medicina. 2017; 5 (106): 10–
14. Russian.

8.	 Lanec IE, Gostinishheva EV.  Sovremennye vzglyady na 
rol' vitamina d v organizme cheloveka. Nauchnoe obozrenie. 
Medicinskie nauki. 2022; 5: 39–45. Dostupno po ssylke: https://
science-medicine.ru/ru/article/view?id=1288 (data obrashheniya: 
14.03.2023). Russian.

9.	 Dreval AV, Kryukova IV, Barsukov IA, Tevosyan LX. Vnekostnye 
ehffekty vitamina D. RMZh. 2017; 1: 53–56. Russian.

10.	 Vilms EA, Dobrovolskaya EV, Turchaninov DV, Bykova EA, 
Soxoshko IA. Obespechennost' vzroslogo naseleniya Zapadnoj 
Sibiri vitaminom D: dannye populyacionnogo issledovaniya. 
Voprosy pitaniya. 2019; 88 (4): 75–82. DOI: 10.24411/0042-
8833-2019-10044. Russian.

11.	 Kodencova VM, Beketova NA, Nikityuk DB, Tutelyan VA. 
Xarakteristika obespechennosti vitaminami vzroslogo naseleniya 
Rossijskoj Federacii. Profilakticheskaya medicina. 2018; 4: 32–37. 
DOI: 10.17116/profmed201821432. Russian.

12.	 Gromova OA, Torshin IYu, Zaxarova IN, Malyavskaya SI. Rol' 
vitamina D v regulyacii immuniteta, profilaktike i lechenii infekcionnyx 
zabolevanij u detej. Medicinskij sovet. 2017; 19: 52–60. Russian.

13.	 Fairchok M, Schofield C, Chen W, Pugh M, Bigg H, John C Arnold, 
et al. Inverse Correlation between 25-OH Vitamin D Levels and 
Severity of Viral Respiratory Illness in Infants. J Infect Dis Epidemiol. 
2017; 3: 030. DOI.org/10.23937/2474-3658/1510030.

14.	 Kostromin AV, Panova LD, Malievskij VA, Kryvkina NN, Yarukova EV, 
Akul'shina AV, i dr. Sovremennye dannye o vliyanii vitamina d na 
immunitet i rol' v profilaktike ostryx respiratornyx infekcijyu 
Sovremennye problemy nauki i obrazovaniya. 2019; 5. Dostupno 
po ssylke: https://science-education.ru/ru/article/view?id=29186 
(data obrashheniya: 14.03.2023). Russian.

15.	 Kikuta J, Ishii M. The Effects of Vitamin D on Immune System and 
Inflammatory Diseases. Biomolecules. 2021; 11 (11): 1624. DOI: 
10.3390/biom11111624.  

16.	 Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF, 
Bergman P, et al. Vitamin D supplementation to prevent acute 
respiratory tract infections: systematic review and meta-analysis of 
individual participant data. BMJ. 2017; 356: i6583. DOI: 10.1136/

bmj.i6583.
17.	 Lazareva NB, Rebrova EV, Panteleeva LR, Ryazanova AYu, 

Bondarenko DA. Vitamin D i ostrye respiratornye infekcii: 
profilaktika ili lechenie. Medicinskij sovet. 2019; 6: 116–24. DOI: 
10.21518/2079-701X-2019-6-116-124. Russian.

18.	 Kim Y, Kim K, Kim M, Sol I, Yoon S, Ahn H, et al. Vitamin D levels 
in allergic rhinitis: a systematic review and meta-analysis. Pediatric 
Allergy and Immunology. 2016; 27 (6): 580–90. DOI: 10.1111/pai.12599. 

19.	 Kajal S, Kajal S, Gupta Y, Deepak R, Verma H. Vitamin D Deficiency 
and Interleukin Levels in Allergic Rhinitis: A Case-Control Study. 
Indian J Otolaryngol Head Neck Surg. 2022; 74 (12): 1720–4. 
DOI: 10.1007/s12070-021-02897-y. 

20.	 Beirne A, McCarroll K, Walsh JB, Casey M, Eamon Laird E, Helene 
McNulty H, et al. Vitamin D and Hospital Admission in Older 
Adults: A Prospective Association Nutrients. 2021; 13 (2): 616. 
DOI: 10.3390/nu13020616. 

21.	 Reddy AM, Iqbal M, Chopra H, Urmi Sh, Junapudi S, Bibi Sh, 
et.al. Pivotal role of vitamin D in mitochondrial health, cardiac 
function, and human reproduction.  EXCLI J. 2022; 21: 967–90. 
DOI: 10.17179/excli2022-4935. 

22.	 Wimalawansa SJ. Vitamin D Deficiency: Effects on oxidative 
stress, epigenetics, gene regulation, and aging. Biology (Basel). 
2019; 8 (2): 30. DOI: 10.3390/biology8020030.

23.	 Snegarova  V, Naydenova D. Vitamin D: a Review of its Effects on 
Epigenetics and Gene Regulation. Folia Med (Plovdiv). 2020; 62 
(4): 662–7. DOI: 10.3897/folmed.62.e50204.

24.	 Maganeva IS, Pigarova EA, Shulpekova NV, Dzeranova LK, 
Eremkina AK, Milyutina AP, i dr. Ocenka fosforno-kal'cievogo 
obmena i metabolitov vitamina D u pacientov s pervichnym 
giperparatireozom na fone bolyusnoj terapii kolekal'ciferolom. 
Problemy ehndokrinologii. 2021; 67 (6): 68–79. DOI: 10.14341/
probl12851. Russian.

25.	 Yureva EhA, Osmanov IM, Vozdvizhenskaya ES, Shabel'nikova 
EI. Obmen kal'ciya i fosfatov v norme i pri patologii u detej. 
Praktika pediatra. 2021; 4: 24–30. Russian.

26.	 Berkovskaya MA, Kushxanashxova DA, Sych YuP, Fadeev VV. 
Sostoyanie fosforno-kal'cievogo obmena u pacientov posle 
bariatricheskix operacij i rol' vospolneniya deficita vitamina D v 
profilaktike i lechenii posleoperacionnyx kostno-metabolicheskix 
narushenij. Ozhirenie i metabolizm. 2020; 17 (1): 73–81. DOI: 
10.14341/omet12306. Russian. 

27.	 Bouillon R. Comparative analysis of nutritional guidelines for 
vitamin D. Nat Rev Endocrinol. 2017; 13 (8): 466–79. DOI: 
10.1038/nrendo.2017.31.

28.	 Kishkun AA. Rukovodstvo po laboratornym metodam issledovaniya. 
M.: «GEhOTAR-Media», 2007; 779 s. Russian.

29.	 Cashman KD, van den Heuvel EG , Schoemaker RJw, Prévéraud 
DP, Macdonald HM, Arcot J. 25-Hydroxyvitamin D as a biomarker 
of vitamin D status and its modeling to inform strategies for 
prevention of vitamin D deficiency within the population. Adv Nutr. 
2017; 8 (6): 947–57. DOI: 10.3945/an.117.015578. 

30.	 Cashman  KD. Global differences in vitamin D status and dietary 
intake: a review of the data. Endocr Connect. 2022; 11 (1): 
e210282. DOI: 10.1530/EC-21-0282.

31.	 Kodencova VM, Mendel OI, Xotimchenko SA, Baturin AK, Nikityuk DB, 
Tutelyan VA. Fiziologicheskaya potrebnost' i ehffektivnye dozy 
vitamina D dlya korrekcii ego deficita. Sovremennoe sostoyanie 
problemy. Voprosy pitaniya. 2017; 86 (2): 47–62. Russian. 

32.	 Fleet JC. The role of vitamin D in the endocrinology controlling 
calcium homeostasis. Mol Cell Endocrinol. 2017; 453: 36–45. 
DOI: 10.1016/j.mce.2017.04.008.

33.	 van Driel M. Vitamin D endocrinology of bone mineralization. Mol Cell 
Endocrinol. 2017; 453: 46–51. DOI: 10.1016/j.mce.2017.06.008.

Литература

1.	 Гудков А. Б., Попова О. Н., Небученных А. А., Богданов М. Ю. 
Эколого-физиологическая характеристика климатических 
факторов Арктики. Обзор литературы. Морская медицина. 

2017; 3 (1): 7–13.
2.	 Бабиенко В. В., Шалыгин А. В. Оценка эффективности 

применения ультрафиолетового излучения для коррекции 



63

ORIGINAL RESEARCH    PHYSIOLOGY

EXTREME MEDICINE   2, 25, 2023   MES.FMBA.PRESS| |

витамин Д дефицитных состояний. Современные проблемы 
гигиены, радиационной гигиены и экологической медицины: 
сборник научных статей Гродно. 2020; 10: 46–59. 

3.	 Кострова Г. Н., Малявская С. И. и др. Обеспеченность 
витамином D жителей г. Архангельска в разные сезоны года. 
Журнал медико-биологических исследований. 2022; 10 (1): 
5–14. DOI: 1 0.37482/2687-1491-Z085. 

4.	 Kozlov AI, Vershubsky GG. Blood serum 25-Hydroxyvitamin D in 
various populations of Russia, Ukraine, and Belarus: a systematic 
review with elements of meta-analysis. Human Physiology. 2017; 
43 (6): 729–40. DOI: 10.1134/S0362119717060044.

5.	 Малявская С. И., Кострова Г. Н., Лебедев А. В., Голышева Е. В. 
Обеспеченность витамином D различных возрастных групп 
населения г. Архангельска. Экология человека. 2016; 12: 37–42.

6.	 Коробицына Р. Д., Сорокина Т. Ю. Статус витамина D 
населения России репродуктивного возраста за последние 
10 лет. Российская Арктика. 2022; 18: 44–55. DOI: 
10.24412/2658-4255-2022-3-44-55. 

7.	 Рылова Н. В., Мальцев С. В., Жолинский А. В. Роль витамина 
D в регуляции иммунной системы. Практическая медицина, 
2017; 5 (106): 10–14.

8.	 Ланец И. Е., Гостинищева Е. В. Современные взгляды на 
роль витамина d в организме человека. Научное обозрение. 
Медицинские науки. 2022; 5: 39–45. Доступно по ссылке: 
https://science-medicine.ru/ru/article/view?id=1288 (дата обращения: 
14.03.2023)

9.	 Древаль А. В., Крюкова И. В., Барсуков И. А., Тевосян Л. Х. 
Внекостные эффекты витамина D. РМЖ. 2017; 1: 53–56. 

10.	 Вильмс Е. А., Добровольская Е. В., Турчанинов Д. В., 
Быкова Е. А., Сохошко И. А. Обеспеченность взрослого 
населения Западной Сибири витамином D: данные 
популяционного исследования. Вопросы питания. 2019; 88 
(4): 75–82. DOI: 10.24411/0042-8833-2019-10044.

11.	 Коденцова В. М., Бекетова Н. А., Никитюк Д. Б., Тутельян В. А. 
Характеристика обеспеченности витаминами взрослого 
населения Российской Федерации. Профилактическая 
медицина. 2018; 4: 32–37. DOI: 10.17116/profmed201821432.

12.	 Громова О. А., Торшин И. Ю., Захарова И. Н., Малявская С. И. 
Роль витамина D в регуляции иммунитета, профилактике и 
лечении инфекционных заболеваний у детей. Медицинский 
совет. 2017; 19: 52–60. 

13.	 Fairchok M, Schofield C, Chen W, Pugh M, Bigg H, John C Arnold, 
et al. Inverse Correlation between 25-OH Vitamin D Levels and 
Severity of Viral Respiratory Illness in Infants. J Infect Dis Epidemiol. 
2017; 3: 030. DOI.org/10.23937/2474-3658/1510030.

14.	 Костромин А. В., Панова Л. Д., Малиевский В. А., Крывкина Н. Н., 
Ярукова Е. В., Акульшина А. В. и др. Современные данные 
о влиянии витамина d на иммунитет и роль в профилактике 
острых респираторных инфекций Современные проблемы 
науки и образования. 2019; 5. Доступно по ссылке: https://
science-education.ru/ru/article/view?id=29186 (дата обращения: 
14.03.2023). 

15.	 Kikuta J, Ishii M. The Effects of Vitamin D on Immune System and 
Inflammatory Diseases. Biomolecules. 2021; 11 (11): 1624. DOI: 
10.3390/biom11111624.  

16.	 Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF, 
Bergman P, et al. Vitamin D supplementation to prevent acute 
respiratory tract infections: systematic review and meta-analysis of 
individual participant data. BMJ. 2017; 356: i6583. DOI: 10.1136/
bmj.i6583.

17.	 Лазарева Н. Б., Реброва Е. В., Пантелеева Л. Р., Рязанова А. Ю.,
Бондаренко Д. А. Витамин D и острые респираторные 

инфекции: профилактика или лечение. Медицинский совет. 
2019; 6: 116–24. DOI: 10.21518/2079-701X-2019-6-116-124.

18.	 Kim Y, Kim K, Kim M, Sol I, Yoon S, Ahn H, et al. Vitamin D levels 
in allergic rhinitis: a systematic review and meta-analysis. Pediatric 
Allergy and Immunology. 2016; 27 (6): 580–90. DOI: 10.1111/
pai.12599. 

19.	 Kajal S, Kajal S, Gupta Y, Deepak R, Verma H. Vitamin D Deficiency 
and Interleukin Levels in Allergic Rhinitis: A Case-Control Study. 
Indian J Otolaryngol Head Neck Surg. 2022; 74 (12): 1720–4. 
DOI: 10.1007/s12070-021-02897-y. 

20.	 Beirne A, McCarroll K, Walsh JB, Casey M, Eamon Laird E, Helene 
McNulty H, et al. Vitamin D and Hospital Admission in Older 
Adults: A Prospective Association Nutrients. 2021; 13 (2): 616. 
DOI: 10.3390/nu13020616. 

21.	 Reddy AM, Iqbal M, Chopra H, Urmi Sh, Junapudi S, Bibi Sh, 
et.al. Pivotal role of vitamin D in mitochondrial health, cardiac 
function, and human reproduction.  EXCLI J. 2022; 21: 967–90. 
DOI: 10.17179/excli2022-4935. 

22.	 Wimalawansa SJ. Vitamin D Deficiency: Effects on oxidative 
stress, epigenetics, gene regulation, and aging. Biology (Basel). 
2019; 8 (2): 30. DOI: 10.3390/biology8020030.

23.	 Snegarova  V, Naydenova D. Vitamin D: a Review of its Effects on 
Epigenetics and Gene Regulation. Folia Med (Plovdiv). 2020; 62 
(4): 662–7. DOI: 10.3897/folmed.62.e50204.

24.	 Маганева И. С., Пигарова Е. А., Шульпекова Н. В., Дзеранова Л. К.,
Еремкина А. К., Милютина А. П., и др. Оценка фосфорно-
кальциевого обмена и метаболитов витамина D у пациентов 
с первичным гиперпаратиреозом на фоне болюсной терапии 
колекальциферолом. Проблемы эндокринологии.  2021; 67 
(6): 68–79. DOI: 10.14341/probl12851.

25.	 Юрьева Э. А, Османов И. М., Воздвиженская Е. С., 
Шабельникова Е. И. Обмен кальция и фосфатов в норме и 
при патологии у детей. Практика педиатра. 2021; 4: 24–30.

26.	 Берковская М. А., Кушханашхова Д. А., Сыч Ю. П., Фадеев В. В. 
Состояние фосфорно-кальциевого обмена у пациентов после 
бариатрических операций и роль восполнения дефицита 
витамина D в профилактике и лечении послеоперационных 
костно-метаболических нарушений. Ожирение и метаболизм. 
2020; 17 (1): 73–81. DOI: 10.14341/omet12306. 

27.	 Bouillon R. Comparative analysis of nutritional guidelines for 
vitamin D. Nat Rev Endocrinol. 2017; 13 (8): 466–79. DOI: 
10.1038/nrendo.2017.31.

28.	 Кишкун А. А. Руководство по лабораторным методам 
исследования. М.:  «ГЭОТАР-Медиа», 2007; 779 с.

29.	 Cashman KD, van den Heuvel EG , Schoemaker RJw, Prévéraud 
DP, Macdonald HM, Arcot J. 25-Hydroxyvitamin D as a biomarker 
of vitamin D status and its modeling to inform strategies for 
prevention of vitamin D deficiency within the population. Adv Nutr. 
2017; 8 (6): 947–57. DOI: 10.3945/an.117.015578. 

30.	 Cashman  KD. Global differences in vitamin D status and dietary 
intake: a review of the data. Endocr Connect. 2022; 11 (1): 
e210282. DOI: 10.1530/EC-21-0282.

31.	 Коденцова В. М., Мендель О. И., Хотимченко С. А., Батурин А. К., 
Никитюк Д. Б., Тутельян В. А. Физиологическая потребность и 
эффективные дозы витамина D для коррекции его дефицита. 
Современное состояние проблемы. Вопросы питания. 2017; 
86 (2): 47–62. 

32.	 Fleet JC. The role of vitamin D in the endocrinology controlling 
calcium homeostasis. Mol Cell Endocrinol. 2017; 453: 36–45. 
DOI: 10.1016/j.mce.2017.04.008.

33.	 van Driel M. Vitamin D endocrinology of bone mineralization. Mol Cell 
Endocrinol. 2017; 453: 46–51. DOI: 10.1016/j.mce.2017.06.008.


