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Резюме
Цель. Выявить взаимосвязь между сывороточным содержанием витамина D и полиморфизмом генa рецептора витамина D c тяжестью тече-

ния COVID-19-ассоциированного поражения легких. Материалы и методы. В работе представлены результаты обследования 200 человек 

через 1 месяц после перенесенного COVID-ассоциированного поражения легких в период с 01 июня по 31 октября 2020 года. Пациенты 

разделены на группы по 50 человек в зависимости от степени поражения легких по результатам проведения компьютерной томографии: 

1-я группа (КТ-1), медиана по возрасту составила 51,5 [50,5; 54,8]; 2-я группа (КТ-2), медиана по возрасту 57,0 [53,1; 57,0]; 3-я группа (КТ-3), 

медиана по возрасту 52,5 [51,9; 55,0]; 4-я группа (КТ-4), медиана 55,0 [53,2; 56,4]. В группу контроля вошли 56 человек относительно здо-

ровых лиц, не болевших коронавирусной инфекцией, медиана по возрасту составила 55,0 [51,1; 55,0]. Все группы были сопоставимы по 

возрасту и полу. В сыворотке крови исследовали концентрацию общего 25-гидроксивитамина D (25(ОН)D). Также проведено молекулярно-

генетическое исследование генa рецептора витамина D: 283 A>G (BsmI) и 2 A>G (FokI). Результаты. Учитывая полученные результаты у па-

циентов, перенесших COVID-19-ассоциированное поражение легких, можно предположить, что недостаточное содержание в крови общего 

25-гидроксивитамина D может являться одним из факторов, способствующих осложненному течению коронавирусной инфекции, а также 

фактором риска ухудшения течения COVID-19-ассоциированного поражения легких. Анализ полиморфизма генa рецептора витамина D 

VDR: 283 А>G показал преимущественное наследование аллели А и гомозиготы А/А у пациентов с большим уровнем повреждения легочной 

ткани на фоне COVID-19 инфекции — КТ-3, 4. Изучение полиморфизма гена рецептора витамина D VDR: 2 А>G показало преимущественное 

наследование гомозиготы A/A среди заболевших по сравнению с группой контроля. При изучении концентрации витамина D у пациентов 

с COVID-19-ассоциированным поражением легких в зависимости от полиморфизма генов рецептора витамин D VDR: 283 А>G (BsmI) и VDR: 

2 А>G (FokI) отличий не выявлено. Заключение. Недостаточное содержание в крови 25(ОН)D может являться одним из факторов, способ-

ствующих осложненному течению коронавирусной инфекции. Анализ полиморфизма гена рецептора витамина D VDR: 283 А>G показал 

преимущественное наследование аллели А и гомозиготы А/А у более тяжелой категории пациентов — с объемом повреждения легочной 

ткани более 50 % (КТ-3, 4) на фоне COVID-19 инфекции. Изучение полиморфизма гена рецептора витамина D VDR: 2 А>G выявило среди 

заболевших наиболее распространенное носительство гомозиготы A/A по сравнению с группой контроля. 
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Abstact
Objective. To identify the relationship between the serum vitamin B content and the polymorphism of the vitamin B receptor gene with the severity 

of the course of COVID-19-associated lung damage.

To identify the relationship between serum vitamin D content and polymorphism of the vitamin D receptor gene with the severity of COVID-19-

associated lung damage. Materials and methods. The paper presents the results of an examination of 200 people, after 1 month suffering COVID-

associated lung damage in the period from June 1 to October 31, 2020. The patients were divided into groups of 50 people depending on the degree 

of lung damage based on the results of computed tomography: group 1 (CT-1), median by age was 51.5 [50.5; 54.8]; group 2 (CT-2), median by age 

57.0 [53.1; 57.0]; group 3 (CT-3), median by age 52.5 [51.9; 55.0]; group 4 (CT-4), median 55.0 [53.2; 56.4]. The control group included 56 relatively 

healthy people who did not have coronavirus infection; the median age was 55.0 [51.1; 55.0]. All groups were comparable in age and gender. The 

concentration of total 25-hydroxyvitamin D (25(OH)D) was studied in blood serum. A molecular genetic study of the vitamin D receptor gene was 

also carried out: 283 A>G (BsmI) and 2 A>G (FokI). Results. It was revealed that insufficient levels of 25(OH)D in the blood are one of the risk factors 

for the development of COVID-19 infection, as well as a risk factor for worsening the course of COVID-19-associated lung damage. Analysis of the 

polymorphism of the vitamin D receptor gene VDR: 283 A>G showed the predominant inheritance of allele A and homozygote A/A in patients with 

a high level of damage to lung tissue due to COVID-19 infection — KT-3, 4. Study of polymorphism of the vitamin D receptor gene VDR: 2 A>G 

showed preferential inheritance of homozygote A/A among patients compared to the control group. When studying the concentration of vitamin 

D in patients with COVID-19-associated lung damage depending on the polymorphism of the vitamin D receptor genes VDR: 283 A>G (BsmI) and 

VDR: 2 A>G (FokI), no differences were found. Conclusion. Insufficient levels of 25(OH)D in the blood may be one of the factors contributing to the 

complicated course of coronavirus infection. Analysis of the vitamin D receptor gene polymorphism VDR: 283 A>G showed preferential inheritance 

of the A allele and homozygote A/A in a more severe category of patients — with more than 50 % damage to the lung tissue (CT-3, 4) against the 

background of COVID-19 infection. A study of the polymorphism of the vitamin D receptor gene VDR: 2 A>G revealed the most common carriage of 

the A/A homozygote among patients compared to the control group.

Key words: COVID-19-associated lung damage, vitamin D receptor gene polymorphism: 283 A>G (BsmI) and 2 A>G (FokI)
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Introduction

Vitamin D is one of the key immunity regulators 

[1,  2]. Vitamin  D defi ciency observed in 80  % of the 

Russian citizens is associated with impaired innate and 

acquired immunity, resulting in a high risk of viral and 

bacterial infections. Patients with vitamin  D defi ciency 

have signifi cantly reduced resistance to bacterial and 

viral diseases (ARVI, fl u, rhinitis, obstructive pulmonary 

diseases) [2, 3].

Recent studies conducted during and aft er the 

COVID-19 pandemic demonstrated that vitamin D defi -

ciency can contribute to the morbidity rates and aggra-

vate SARS-CoV-2  infection [4-6]. It  has been shown 

that there are several mechanisms of how vitamin  D 

can reduce the risk of bacterial and viral infections by 

creating a barrier and aff ecting the innate cellular and 

humoral immunity [7]. An  active form of vitamin  D 

(calcitriol 1.25(OH)2D3) facilitates the reduction in pro-

infl ammatory cytokine (IL-6, TNFα, CXCL8, CXCL10) 

levels, stimulates synthesis of antimicrobial peptides 

(cathelicidin, defensin), which have antiviral eff ects 

[3, 8]. Also, one of the vitamin  D functions is related 

to pathogen identifi cation by macrophages, it being 

innate immune response. Besides, vitamin D suppresses 

IL-2  and IFγ production by type  1  T-helper cells and 

stimulates cytokine production by type 2 T-helper cells 

[9]. Given that vitamin D takes part in the activity of the 

renin-angiotensin-aldosterone system, it is assumed that 

it controls the amount of mRNA (messenger ribonucleic 
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acid) and expression of angiotensin-converting enzyme-

2, responsible for the protective against various respi-

ratory infections [10]. As  for SARS-CoV-2, it is worth 

mentioning that vitamin D can suppress supposed adhe-

sive molecules (DPP-4/CD26) for viral penetration to 

the cell [6, 10]. Vitamin D aff ects the body with the help 

of the VDR (vitamin D receptor), localised on chromo-

some  12, locus  12q13.11 [11]. VDR is specifi cally acti-

vated by calcitriol and causes changes in expression of 

over 2,700 human genes [2, 3]. A genome-wide biologi-

cal system analysis by Gromova OA et al. to study the 

VDR binding made it possible to systematise biological 

roles of vitamin D for further treatment and prevention 

of a wide array of diseases [12]. It has been found out that 

the antiviral immunity is supported by at least 155 pro-

teins, the expression of which is regulated by vitamin D 

receptor [3, 12].

Vitamin  D receptor is characterised by polymor-

phism, i.e. various allelic variants of this gene in a 

population [13, 14]. VDR gene localised on chromo-

some  12q13.11  contains a number of single nucleotide 

polymorphisms, including polymorphism 283  A>G 

(BsmI) (rs1544410), polymorphism 2  A>G (FokI) 

(rs2228570). Th e Russian scientifi c literature does not 

contain any data on the study of the correlation between 

respiratory pathologies and polymorphisms BsmI and 

FokI of the VDR gene; however, there are foreign stud-

ies discussing this correlation with bronchopulmonary 

diseases [11].

Study Objective
To fi nd the correlation between serum vitamin  D 

levels and polymorphism of the vitamin  D receptor 

gene and the severity of COVID-19-associated lung 

involvement.

Materials and Methods
Th e study included 200  patients with a history of 

COVID-19-associated lung involvement during the 

period from June 1 to October 31, 2020 one month aft er 

discharge from in-patient clinics in Chita. All patients 

were divided into groups of 50  people, depending on 

the degree of pulmonary involvement as seen on CT 

scans: group  1 (CT1)  — median age was 51.5 [50.5; 

54.8]; group  2 (CT2)  — median age was 57.0 [53.1; 

57.0]; group 3 (CT3) — median age was 52.5 [51.9; 55.0]; 

group 4 (CT4) — median age was 55.0 [53.2; 56.4]. Th e 

study enrolled patients with confi rmed novel coronavi-

rus infection, where SARS-CoV-2 (Severe Acute Respi-

ratory Syndrome-relate Coronavirus 2) RNA was identi-

fi ed with real-time polymerase chain reaction. Exclusion 

criteria were: lymph and myeloproliferative disorders, 

system diseases requiring immunosuppression therapy, 

HIV infection, chronic alcoholism, pregnancy, intake of 

vitamin D.

Th e control group included 56  healthy volunteers 

without a history of coronavirus infection and other 

respiratory diseases within the past three months; 

median age was 55.0 [51.1; 55.0]. All study groups were 

similar in sex and age composition.

Serum vitamin  D (total 25-hydroxyvitamin  D) was 

measured by an immunoassay aft er collection of serum 

samples from all study subjects. Serum 25(ОН)D levels 

were measured using commercially available kits and 

Access 2  analyser (Beckmancoulter, USA). Molecu-

lar genetic testing of vitamin D receptor gene 283 A>G 

(BsmI) (rs1544410) and 2 A>G (FokI) (rs 2228570) was 

performed using polymerase chain reaction with allele-

specifi c primer (LEGEND plex™). DNA was isolated with 

real-time PCR (PCR-RT) and PCR with electrophoretic 

result detection (DNA Technology).

Th e study was approved by the Ethics Committee at 

the Federal State Budgetary Educational Institution of 

Higher Education Chita State Medical Academy of the 

Ministry of Health of the Russian Federation. Before any 

assessments, patients provided their voluntary informed 

consent; all activities were performed in accordance with 

the World Health Organisation’s Declaration of Helsinki 

(2013).

Statistical processing of study results was performed 

with IBM SPSS Statistics Version 25.0 (licence No. Z125-

3301-14, IBM, USA). Statistical analysis followed the 

principles of the International Committee of Medi-

cal Journal Editors (IC MJE) and the Statistical Analy-

sis and Methods in the Published Literature (SAMPL) 

guidelines. Normality of parameter distribution in 

groups of over 50  subjects was assessed using the Kol-

mogorov–Smirnov test. Given that the parameter dis-

tribution in all study groups was not normal, obtained 

data were presented as a median value, fi rst and third 

quartiles: Me [Q
1
; Q

3
]. Kruskal-Wallis test was used to 

compare quantitative parameters in three independent 

groups. Results were statistically signifi cant at p < 0.05. 

Pair-wise comparison of two independent groups using 

one quantitative parameter, Bonferroni modifi ed Mann–

Whitney U test was used. Correlation relationships 

between study parameters were identifi ed with th e help 

of the Spearman’s coeffi  cient. Th e degree of correlation 

between study parameters was found using Chaddock 

scale. Ratings were described with absolute values and 

percentages. Study ratings were compared with the use 

of Pearson’s χ2  which allows assessing the signifi cance 

of diff erences between the actual number of outcomes 

or qualitative characteristics of a group in each  category 

and the theoretical number which can be expected in the 

study groups if the zero hypothesis is true. For smaller 

groups, likelihood-adjusted Pearson’s chi-squared test 

was preferable. Cramer’s factor (V) was used to measure 

the degree of correlation between the risk factor and 

outcome. Th e distribution of the frequency of vitamin D 

genotypes 283  A>G (BsmI) and 2  A>G (FokI) corre-

sponded to Hardy-Weinberg equilibrium [14].
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Results and Discussion
Analysis of vitamin  D concentration in the study 

groups demonstrated lower levels in patients with 

COVID-19-associated lung involvement vs. controls. Dif-

ference vs. group 1 was 1.2-fold [1.14; 1.22] (p < 0.001), 

group 2 — 1.3-fold [1.22; 1.31] (p < 0.001), group 3 — 

1.4 fold [1.29; 1.38] (p < 0.001), and group 4 — 1.4 -fold 

[1.34; 1.45] (p  <  0.001) (Table  1). Also, lower levels of 

vitamin D were found in patients with an extensive pul-

monary tissue involvement: in groups  3 (CT-3) and 4 

(CT-4) vs. group 1 (CT-1) — 1.12-fold [1.09; 1.17] and 

1.17-fold [1.13; 1.23], respectively (p < 0.001); in group 4 

(CT-4) vs. group  2 (CT-2)  — 1.12-f old [1.06; 1.15] 

(p < 0.001) (Table 1).

According to the 2021 Vitamin D Defi ciency Guide-

lines [16] in adults, measurement of vitamin  D levels 

in patients corresponded to the following criteria: vita-

min  D defi ciency  — blood 25(ОН)D level of <  20  ng/

mL, inadequate vitamin D level — blood 25(ОН)D level 

between ≥ 20 and < 30 ng/mL, with the target value of 

30–60  ng/mL. In  our study, low vitamin  D levels were 

recorded in 184  patients (92  %): group  1 (CT-1)  — 41 

(82  %) subjects, group  2 (CT-2)  — 46 (92  %) subjects, 

group 3 (CT-3) — 48 (96 %) subjects, group 4 (CT-4) — 

49 (98  %) subjects. Besides, vitamin  D defi ciency 

was diagnosed in 2  patients in group CT-3 (4  %) and 

7  patients (14  %) in group CT-4. Th e majority of con-

trols had target 25(ОН)D levels (87.5 %), unlike patients 

who had coronavirus infection. Th is value was 4.9 times 

higher than in group  1 (р  <  0.001), 10.9  times higher 

than in group  2 (р  <  0.001), 21.9  times higher than in 

group 3 (р < 0.001), 43.8  times higher than in group 4 

(р < 0.001) (Table 2).

In analysis of the group of patients, depending on 

the severity of COVID-19-associated lung involvement, 

target vitamin  D levels in group  1 (CT-1) vs. group  3 

(CT-3) and 4 (CT-4) were found 4.5 times (р = 0.03) and 

9 times (р = 0.02) more oft en (Table 2).

Th e correlation analysis demonstrated that there is 

moderate inverse relationship (V  =  –0.46, р  <  0.001) 

between 25(ОН)D level and extent of lung tissue 

involvement.

Th erefore, it can be assumed that lower serum vita-

min  D levels are a risk factor of coronavirus infection 

and a risk factor of aggravated COVID-19-associated 

lung involvement.

Table 1. Th e concentration of vitamin D in the blood of patients of the studied groups

Groups

Vitamin D 

concentration, ng/ml

Me [Q1; Q3]

Statistics

Kruskal-Wallis

Manna-Whitney

Comparison with 

control group

Comparison of groups 

studied

Control group, n=56 к
33,17

[32,46; 33,53]

H=130,53, df=4,

P <0,001.

U
к-1

=397,5,

p
к-1

<0,001;

U
 к-2

=172,0,

p
к-2

<0,001;

U
 к-3

=96,5,

p
к-3

<0,001;

U
 к-4

=73,5,

p
к-4

<0,001.

U
1-2

=907,0, 

p
1-2

=0,02;

U
1-3

 =512,0,

p
1-3

<0,001;

U
1-4

 =421,0,

p
1-4

<0,001;

U
2-3

 =861,0,

p
2-3

=0,007;

U
2-4

 =702,0,

p
2-4

<0,001;

U
3-4

 =1010,0,

p
3-4

=0,1.

Group 1, n=50 1
27,53

[27,41; 28,43]

Group 2, n=50 2
26,41

[25,65; 26,61]

Group 3, n=50 3
24,54

[24,23; 25,11]

Group 4, n=50 4
23,51

[23,17; 24,19]

Note: the statistical significance of the differences between: р
к-1

 — control group and group 1; р
к-2

 — control group and group 2; р
к-3

 — control group and group 3; р
к-4

 — control group 

and group 4; р
1-2

 — between 1 and 2 groups of patients; р
1-3

 — between 1 and 3 groups of patients; р
1-4

 — between 1 and 4 groups of patients; р
2-3

 — between 2 and 3 groups of patients; 

р
2-4

 — between 2 and 4 groups of patients; р
3-4

 — between 3 and 4 groups of patients

Table 2. Characteristics of patients depending on the level of vitamin D concentration

Groups

Number of patients with low 

25(OH)D levels

(less than 30 ng/ml)

Number of patients with 

target level 25(OH)D

(from 30 to 60 ng/ml)

Statistics

p χ2

Control group, n=56 к 12,5 % (7/56) 87,5 % (49/56) χ2
к-1

=51,5; р
к-1

<0,001;

χ2
к-2

=66,8; р
к-2

<0,001;

χ2
к-3

=24,1; р
к3

<0,001;

χ2
к-4

=23,58; р
к-4

<0,001.

χ2
1-2

=1,4; р
1-2

= 0,14;

χ2
1-3

=5,01; р
1-3

=0,03;

χ2
1-4

=5,4; р
1-4

=0,02.

F
2-3

=0,7; р 
2-3

=0,68

F
2-4

=1,47; р 
2-4

=0,21

F
3-4

=0,6р 
3-4

=0,62

Group 1, n=50 1 82 % (41/50) 18 % (9/50)

Group 2, n=50 2 92 % (46/50) 8 % (4/50)

Group 3, n=50 3 96 % (48/50) 4 % (2/50)

Group 4, n=50 4 98 % (49/50) 2 % (1/50)

Note: see table 1



О Р И Г И Н А Л Ь Н Ы Е  С Т А Т Ь ИАрхивъ внутренней медицины • № 1 • 2024

67 

Scientifi c literature contains similar information that 

higher serum vitamin  D concentrations are associated 

with a reduced risk and milder COVID-19 infection [17]. 

Also, there is evidence that vitamin D activates immune 

cells, which are then used to produce immune peptides 

and proteins — cathelicidins and defensins, which have 

an array of antimicrobial and antiviral eff ects [18, 19].

In turn, it would be interesting to study the associa-

tion between the levels of vitamin D with known poly-

morphisms of vitamin D gene depending on the severity 

of COVID-19-associated lung involvement. We managed 

to perform a genetic testing of 156 patients; thus, groups 

1, 2 (CT-1,2) — group I were compared with groups 3, 4 

(CT-3,4) — group II.

Analysis of polymorphism of vitamin  D receptor 

gene VDR: 283 А>G in patients with COVID-19-asso-

ciated lung involvement demonstrated that allele G is 

1.2 times more common in patients with less extended 

pulmonary tissue involvement (CT-1,2) vs. controls 

(p < 0.03; OR = 0.6). Also, it was found out that patients 

with less extended pulmonary tissue involvement (CT-

1,2) have allele G 1.4  times more often (p  <  0.001; 

OR  =  2.5) than controls (CT-3,4). Patients with more 

extended lung tissue involvement (CT-3,4) have allele 

A 1.8 times more often (p < 0.001; OR = 0.4). Analysis 

of polymorphism genotypes of vitamin D receptor gene 

VDR: 283 А>G demonstrated that polymorphism G/G 

is 1.7 times more common in groups CT-1,2 vs. controls 

(p = 0.01; OR = 0.4). The study of polymorphism A/G 

showed that it is 1.6 times more common in controls vs. 

groups CT-1,2 (p = 0.02; OR  = 2.3) and 1.3 times more 

common vs. groups CT-3,4 (p = 0.12; OR = 1.7). Poly-

morphism A/A is observed mostly in more severe cases 

of COVID-19-associated lung involvement (group  II) 

(2.8  times more common) (p  =  0.006; OR  =  0.3) vs. 

patients with less extended lung involvement (group I) 

(Table 3).

Th e study of polymorphism of vitamin  D receptor 

gene VDR: 2  А>G in patients with lung involvement 

associated with past COVID-19 infection demonstrated 

predominant inheritance of homozygote A/A in groups I 

and II: 2.6 times more common (p = 0.04; OR = 0.3) and 

2.5 times more common (p = 0.04; OR = 0.4) vs. controls, 

respectively. Analysis of genotype A/G of the studied 

polymorphism demonstrated its predominance in the 

control group: 1.7 times more common than in group I 

(p = 0.007; OR = 2.7) and 1.6 times more common than 

in group II (p = 0.009; OR = 2.5) (Table 3).

Table 3. Distribution of the frequency of alleles and genotypes of the vitamin D receptor gene polymorphism 
VDR:283 A>G (BsmI), VDR:2 A>G (FokI) in patients with COVID-19-associated lung damage

Gene
Genotypes and 

alleles

Control group

n=56

Group

Statistics
Pairwise comparison of 

study groupsI (КТ-1, 2)

n=74

II (КТ-3,4)

n=82

VDR: 283 А>G

G
60,7 %

(68/112)

73,6 %

(109/148)

53 %

(87/164) χ2=14,21

df=2

p<0,001

χ2
к-1

=4,91; р
к-1

=0,03;

χ2
к-2

=1,59; р
к-2

=0,21;

χ2
1-2

=14,13; р
1-2

<0,001;
A

39,3 %

(44/112)

26,4 %

(39/148)

47 %

(77/164)

G/G
33,9 %

(19/56)

56,8 %

(42/74)

32,9 %

(27/82)

χ2=17,24

df=4

p=0,002

χ2
к-1

=6,67; р
к-1

=0,01;

χ2
к-2

=0,02; р
к-2

=0,90;

χ2
1-2

=8,96; р
1-2

=0,003;

A/G
53,6 %

(30/56)

33,8 %

(25/74)

40,2 %

(33/82)

χ2
к-1

=5,11; р
к-1

=0,02;

χ2
к-2

=2,38; р
к-2

=0,12;

χ2
1-2

=0,69; р
1-2

=0,41;

A/A
12,5 %

(7/56)

9,5 %

(7/74)

26,8 %

(22/82)

χ2
к-1

=0,07; р
к-1

=0,79;

χ2
к-2

=4,12; р
к-2

=0,04;

χ2
1-2

=7,78; р
1-2

=0,006;

VDR:2 А>G

A
39,3 %

(44/112)

41,2 %

(61/148)

40,9 %

(67/164) χ2=0,11

df=2

p=0,95

χ2
к-1

=0,09; р
к-1

=0,75;

χ2
к-2

=0,07; р
к-2

=0,79;

χ2
1-2

=0,004; р
1-2

=0,95;
G

60,7 %

(68/112)

58,8 %

(87/148)

59,1 %

(97/164)

A/A
8,9 %

(5/56)

23,0 %

(17/74)

22 %

(18/82)

χ2=10,38

df=4

p=0,035

χ2
к-1

=3,53; р
к-1

=0,04;

χ2
к-2

=3,18; р
к-2

=0,04;

χ2
1-2

=0,02; р
1-2

=0,88;

A/G
60,7 %

(34/56)

36,5 %

(27/74)

37,8 %

(31/82)

χ2
к-1

=7,51; р
к-1

=0,007;

χ2
к-2

=7,01; р
к-2

=0,009;

χ2
1-2

=0,03; р
1-2

=0,87;

G/G
30,4 %

(17/56)

40,5 %

(30/74)

40,2 %

(33/82)

χ2
к-1

=1,43; р
к-1

=0,23;

χ2
к-2

=1,41; р
к-2

=0,24;

χ2
1-2

=0,001; р
1-2

=0,97;

Note: statistical significance of differences between: р
к-1

 — control group and group  1; р
к-2

 — control group and group 2; р
1-2

 — between groups 1 and 2 of patients
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No diff erences were found when studying vitam in D 

concentrations in patients with COVID-19-associated 

lung involvement, depending on polymorphism of vita-

min D receptor gene VDR: 283 А>G (BsmI) and VDR: 

2  А>G (FokI) (Table  4). Similar results were observed 

in other studies; for example, Smagina IV et al. studied 

patients with multiple sclerosis and found reduced serum 

concentrations of 25-hydroxyvitamin D25; however, 

there was no signifi cant diff erence in plasma 25(ОН)D 

levels in patients with various genotypes of these poly-

morphisms — 283 А>G (BsmI) and VDR: 2 А>G (FokI) 

[20].

Analysis of scientifi c literature on the study of genetic 

implications of the association between vitamin  D 

defi ciency and severity of the past COVID-19  infec-

tion shows ambiguous data; for instance, Shreiner EV, 

Petukhova SK, Khavkin AI et al. did not fi nd out any 

association between the studied genotypes and sever-

ity of the past coronavirus infection [17]. At  the same 

time, Protas VV et al. analysed information on various 

allele combinations of vitamin  D receptor gene VDR: 

2 А>G (FokI), including A>G, and summarised data on 

the association between such diseases as dengue fever, 

bronchopulmonary diseases (bronchial asthma, TB), 

Parkinson disease, and hepatitis B [11,21-25]. Analyses 

by Li, Qian MM and other foreign researchers mention 

some association between inheritance of certain poly-

morphisms of vitamin  D receptor gene VDR, particu-

larly rs1544410 (BsmI), rs 2228570 (FokI), and sepsis in 

various pathologies [26]. In their metaanalysis, Palshina 

AM et al. found out that in Caucasian patients in France, 

who carry FF frequency of genotype FokI, rheumatoid 

arthritis is much more common [27, 28]. A study of the 

Russian population of patients with arterial hyperten-

sion to analyse the distribution of genotypes FokI of 

VDR gene, encoding vitamin D receptor, demonstrated 

that in subjects with genotypes FokI FF and Ff of gene 

VDR, the disease onsets in younger age [27, 29]. A meta-

anlysis of VDR gene polymorphism, in particular of 

FokI and BsmI, in type 1 diabetes mellitus (79 studies) 

and type 2 diabetes mellitus (44 studies) showed a high 

risk of type 1 diabetes mellitus in the presence of allele 

B BsmI and type 2 diabetes mellitus  in the presence of 

allele f FokI [27, 30]. In studies by Kostik MM et al., gen-

otype bb of BsmI of a gene VDR polymorphous marker 

manifested as a marker of poor prognosis in boys with 

juvenile idiopathic arthritis [31].

Meanwhile, according to various estimates, the gen-

otype contribution to fl uctuation of serum 25(OH)D 

levels is 23–43 % to 77–80 % [32, 33]. If the patient’s gen-

otype has “risk alleles”, i.e. genotype variants that cause 

a reduction in the amount or function of VDR recep-

tors, vitamin D will not be fully absorbed by respective 

cells from the blood. A metabolic disorder will develop, 

similar to vitamin defi ciency. At  the same time, blood 

vitamin  D level can remain normal. Th ese genotypes 

account for 48 %, approximately 7–11 % of them have 2 

“risk alleles” at once [32, 33].

Currently, only an incomplete list of genes, mutations 

of which impact vitamin  D status, has been compiled 

[32]. Our idea of the genetic structure of 25(ОН)D levels 

may be expanded as a result of large-scale genetic testing, 

analysis of “gene-gene” and “gene-environment” interac-

tions, epigenetic observations, etc. Further studies in 

this area are likely to ensure better understanding of 

the mechanisms behind vitamin  D metabolism regula-

tion. How identifi ed genetic polymorphisms aff ect vita-

min D metabolism is not clearly known [32]. A majority 

of authors believe that serum 25(ОН)D concentrations 

depend on both gene polymorphism and environmental 

factors (UV index, skin exposure to sunlight, nutritional 

path), therefore, they should be considered together. 

Table 4. Vitamin D concentration in carriers of diff erent genetic polymorphisms of the vitamin D receptor gene VDR: 
283 A>G (BsmI), VDR: 2 A>G (FokI)

Gene Genotypes

Concentration of 25(OH)

D, ng/ml

Me [Q1; Q3]

Statistics

Kruskal-Wallis
Manna-Whitney

Comparison of study groups

VDR: 283 А>G

A/A

n=29
26,2 [26,2; 28,3]

H=0,6

df=2

p=0,74

U
1-2

=807,5,

p
1-2

=0,86;

U
1-3

=915,0

p
1-3

=0,44; 

U
2-3

=1763,0

p
2-3

=0,26. 

A/G

n=58
27,9 [27,3; 28,5]

G/G

n=69
26,6 [26,6; 27,9]

VDR:2 А>G

A/A

n=35
26,0 [25,7; 27,1]

Н=2,96

df=2

p=0,23

U
1-2

=1011,5,

p
1-2

=0,98;

U
1-3

=1008,0,

p
1-3

=0,48; 

U
2-3

=1741,5;

p
2-3

=0,66;

A/G

n=58
27,9 [27,5; 28,7]

G/G

n=63
26,6 [26,6; 28,3]

Note: р
1-2

 — statistical significance of differences between carriers of A/A polymorphism and A/G; р
1-3

 — statistical significance of differences between carriers of A/A polymorphism 

and G/G; р
2-3

 — statistical significance of differences between carriers of A/G polymorphism and G/G
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Nevertheless, features of polymorphism of vitamin  D 

receptor gene VDR can have an indirect impact on the 

function of innate and acquired immunity. It  is essen-

tial to undertake a further study of the peculiarities of 

the genetic status of patients with COVID-19-associated 

lung involvement and search for haplotypes (including a 

study of cytokine gene polymorphisms, etc.) that aff ect 

disease severity, including sepsis.

Conclusions
Therefore, given the available results for patients 

with past COVID-19-associated lung involvement, 

it can be assumed that low blood levels of total 

25-hydroxyvitamin D can contribute to a more severe 

course of coronavirus infection. Analysis of poly-

morphism of vitamin  D receptor gene VDR:283  А>G 

demonstrated predominant inheritance of allele А and 

homozygote А/А in patients with a more severe dis-

ease, where pulmonary tissue involvement is over 50 % 

(CT-3, 4) associated with COVID-19 infection. Study of 

polymorphism of vitamin D receptor gene VDR: 2 А>G 

showed that most patients were homozygote А/А carri-

ers vs. controls.

Вклад авторов:

Все авторы внесли существенный вклад в подготовку работы, прочли 

и одобрили финальную версию статьи перед публикацией

Караченова А.М.: вклад автора в разработку концепции и дизайна 

исследования, сбор, анализ и интерпретация данных, анализ литера-

туры по теме исследования, научное редактирование, существенный 

вклад в научно-исследовательскую работу

Романова Е.Н.: вклад автора в разработку концепции и дизайна 

исследования, анализ литературы по теме исследования, научное 

редактирование, утверждение окончательного текста статьи, суще-

ственный вклад в научно-исследовательскую работу

Authors’ contributions:

All authors made significant contributions to the preparation of the work, 

read and approved the final version of the article before publication

Karachenova A.M.: author’s contribution to the development of the 

concept and design of the study, collection, analysis and interpretation 

of data, analysis of literature on the research topic, scientific editing, 

significant contribution to research work

Romanova E.N.: author’s contribution to the development of the 

concept and design of the study, analysis of literature on the research 

topic, scientific editing, approval of the final text of the article, significant 

contribution to research work

Список литературы/References:

1. Colotta F., Jansson B., Bonelli F. Modulation of inflammatory and 

immune responses by vitamin D.J Autoimmun. 2017; 85:78–97. 

DOI: 10.1016/j.jaut.2017.07.007. 

2. Громова О.А., Торшин И.Ю. Витамин D. Смена парадигмы. М., 

ГЭОТАР-Медиа. 2018; 94 c.

Gromova O.A., Torshin I.Y. U. Vitamin D.A paradigm shift. M., 

GEOTAR-Media; 2017; 94 p. [In Russian].

3. Громова О.А., Торшин И.Ю., Малявская С.И. и др. О перспективах 

использования витамина D и других микронутриентов в про-

филактике и терапии COVID-19. РМЖ. 2020; 9:32–38.

Gromova O.A., Torshin I.YU., Malyavskaya S.I. On the prospects of us-

ing vitamin D and other micronutrients in the prevention and therapy 

of COVID-19. BC. 2020; 9:32-38 [In Russian].

4. Каронова Т.Л., Андреева А.Т., Головатюк К.А. и др. Инфици-

рованность SARS-CoV-2 в зависимости от уровня обеспе-

ченности витамином D. Проблемы эндокринологии. 2021; 

67(5):20-28. doi: https://doi.org/10.14341/probl12820.

Karonova T.L., Andreeva A.T., Golovatyuk K.A. SARS-CoV-2 mor-

bidity depending on vitamin D status. Problems of Endocrinology. 

2021; 67(5):20-28. doi: https://doi.org/10.14341/probl12820 

[In Russian].

5. Каронова Т.Л., Андреева А.Т., Вашукова М.А. Уровень 25(OH)D 

в сыворотке крови у больных COVID-19. Журнал инфектологии. 

2020; 12(3):21-27. doi: 10.22625/2072-6732-2020-12-3-21-27.

Karonova T.L., Andreeva А.Т., Vashukova М.А. Serum 25(OH)D level 

in patients with COVID-19. Journal Infectology. 2020; 12(3):21-27. 

doi: 10.22625/2072-6732-2020-12-3-21-27 [In Russian].

6. Белых Н.А., Соловьева О.А., Аникеева Н.А. и др. Зна-

чение витамина D в модуляции иммунного ответа на 

SARS-CoV-2 и другие коронавирусные инфекции. Профи-

лактическая медицина. 2023; 26(1):95–102. doi: https://doi.

org/10.17116/profmed20232601195.

Belykh N.A., Solovieva O.A., Anikeeva N.A. Role of vitamin D in 

modulating the immune response to SARS-CoV-2 and other corona-

virus infections. Profilakticheskaya Meditsina. 2023; 26(1):95-102. 

doi: https://doi.org/10.17116/profmed20232601195 [In Russian].

7. Rondanelli M, Miccono A, Lamburghini S. Self-Care for Common 

Colds: The Pivotal Role of Vitamin D, Vitamin C, Zinc, and Echinacea 

in Three Main Immune Interactive Clusters (Physical Barriers, Innate 

and Adaptive Immunity) Involved during an Episode of Common 

Colds-Practical Advice on Dosages and on the Time to Take These 

Nutrients/Botanicals in order to Prevent or Treat Common Colds. 

eCollection. 2018. [Electronic resourse]. URL: https://pubmed.ncbi.

nlm.nih.gov/29853961/. (date of the application: 20.12.2023)

8. Vanherwegen A.S., Gysemans C., Mathieu C. Regulation of Immune 

Function by Vitamin D and Its Use in Diseases of Immunity. Endocri-

nol Metab Clin North Am. 2017; 46(4): 1061–1094. DOI: 10.1016/j.

ecl.2017.07.010.

9. White, J. Regulation of intracrine production of 1,25-dihydroxyvi-

tamin D and its role in innate immune defense against infection. 

Arch. Biochem. Biophys. 2012; 523(1): 58–63. DOI: 10.1016/j.

abb.2011.11.006.

10. Каронова, Т.Л., Вашукова М.А., Гусев Д.А. и др. Витамин D как 

фактор повышения иммунитета и снижения риска развития 

острых респираторных вирусных инфекций и COVID-19. Ар-

териальная гипертензия. 2020; 26(3):295–303. doi: https://doi.

org/10.18705/1607-419X-2020-26-3-295-303.

Karonova T.L., Vashukova M.A., Gusev D.A. Vitamin D deficiency as 

a factor for immunity stimulation and lower risk of acute respira-

tory infections and COVID-19. Arterial’naya Gipertenziya = Arterial 

Hypertension. 2020; 26(3):295–303. doi: 10.18705/1607-419X-2020-

26-3-295-303 [In Russian].



O R I G I N A L  A R T I C L E The Russian Archives of Internal Medicine • № 1 • 2024

70 

11. Протас В.В., Погосян Г.П., Ли К.Г. и др. Характеристика 

поли морфизмов гена рецептора витамина D. Вестник 

Карагандинского университета. 2021; 4(104):60-70. 

doi: 10.31489/2021BMG4/60-70.0.

Protas V.V., Pogosyan G.P., Li K.G. Characteristics of vitamin D 

receptor gene polymorphisms. Bulletin of Karaganda University. 

2021; 4(104):60-70. doi: 10.31489/2021BMG4/60-70.0 [In Russian].

12. Громова О.А., Торшин И.Ю., Спиричев В.Б. Полногеномный 

анализ сайтов связывания рецептора витамина D указывает 

на широкий спектр потенциальных применений витамина D 

в терапии. Медицинский совет. 2016. [Электронный ресурс]. 

URL: https://cyberleninka.ru/article/n/polnogenomnyy-analiz-

saytov-svyazyvaniya-retseptora-vitamina-d-ukazyvaet-na-shirokiy-

spektr-potentsialnyh-primeneniy-vitamina-d-v. (дата обращения: 

20.12.2023). 

Gromova O.A., Torshin I.Yu., Spirichev V.B. Genome-wide analysis of 

vitamin D receptor binding sites indicates a wide range of potential 

uses of vitamin D in therapy. Medical advice. 2016. [Electronic 

resource]. URL: https://cyberleninka.ru/article/n/polnogenomnyy-

analiz-saytov-svyazyvaniya-retseptora-vitamina-d-ukazyvaet-na-

shirokiy-spektr-potentsialnyh-primeneniy-vitamina-d-v. (date of 

the application:20.12.2023) [In Russian]. 

13. Бухалко М.А., Скрипченко Н.В., Скрипченко Е.Ю. и др. 

Значение полиморфизма гена рецептора витамина D 

в патологии человека. Российский вестник перинатологии 

и педиатрии. 2017; 62(6):23–28. doi: 10.21508/1027–4065–

2017–62–6–23–28.

Bukhalko M.A., Skripchenko N.V., Skripchenko E.Yu. Significance of 

gene polymorphism of vitamin D receptor in human pathology. Ros 

Vestn Perinatol i Pediatr. 2017; 62(6):23–28. doi: 10.21508/1027–

4065–2017–62–6–23–28 [In Russian].

14. Uitterlinden A.G., Fang Y., VanMeurs J.B. Genetics and biology of 

vitamin D receptor polymorphisms: Review. Gene 2004; 338:143–156. 

doi: 10.1016/j.gene.2004.05.014. 

15. Мудров В.А. Алгоритмы статистического анализа данных 

биомедицинских исследований с помощью пакета программ 

SPSS (доступным языком). М., Логосфера, 2022; 143 c. 

Mudrov V.A. A. Algorithms for statistical analysis of biomedical 

research data using the SPSS software package (in accessible 

language). M, Logosphere. 2022; 143 p. [In Russian].

16. Дедов И.И., Мельниченко Г.А., Мокрышева Н.Г. и др. Проект 

клинических рекомендаций по диагностике, лечению 

и профилактике дефицита витамина D. 2021. [Электронный 

ресурс]. URL: https://cyberleninka.ru/article/n/proekt-federalnyh-

klinicheskih-rekomendatsiy-po-diagnostike-lecheniyu-i-profilaktike-

defitsita-vitamina-d. (дата обращения: 19.12.2023).

Dedov I.I., Mel’nichenko G.A., Mokrycheva N.G. Draft clinical 

guidelines for the diagnosis, treatment and prevention of vitamin D 

deficiency. 2021. [Electronic resource]. URL: https://cyberleninka.

ru/article/n/proekt-federalnyh-klinicheskih-rekomendatsiy-po-

diagnostike-lecheniyu-i-profilaktike-defitsita-vitamina-d. (date of 

the application: 19.12.2023) [In Russian].

17. Шрайнер Е.В., Петухова С.К., Хавкин А.И. и др. Ассоциация 

генетических предпосылок дефицита витамина D с тяжестью 

перенесенной COVID-19 инфекцией. Экспериментальная 

клиническая гастроэнтерология. 2022; 202(6):50-55. 

doi: 10.31146/1682-8658-ecg-202-6-50-55.

Shrayner E. V., Petukhova S. K., Khavkin A.I. Association of 

genetic prerequisites of vitamin d defi ciency with severity of past 

COVID-19 infection. Experimental and Clinical Gastroenterology. 2022; 

202(6): 50-55. doi: 10.31146/1682-8658-ecg-202-6-50-55 [In Russian].

18. Cantorna MT, Snyder L, Lin YD. et al. Vitamin D and 1,25(OH)2D 

regulation of T cells. Nutrients. 2015; 7(4): 3011–3021. DOI: 10.3390/

nu7043011.

19. Jeffery, L.E, Burke F., Mura M. et al. 1,25-Dihydroxyvitamin D3 and 

IL-2 combine to inhibit T cell production of inflammatory cytokines 

and promote development of regulatory T cells expressing 

CTLA-4 and FoxP3. J. Immunol. 2009; 183(9): 5458–5467. 

DOI: 10.4049/jimmunol.0803217

20. Смагина И.В., Ельчанинова Е.Ю., Лунев К.В. и др. Статус ви-

тамина D и полиморфизмы генов рецепторов кальцитриола 

VDR (RS1544410, RS2228570) у больных рассеянным склерозом 

с дебютом заболевания в детском возрасте. Неврологический 

журнал. 2018; 23(3): 138-143. doi: http://dx.doi.org/10.18821/1560-

9545-2018-23-3-138-143.

Smagina I.V., Elchaninova E.Yu., Lunev K.V. The Vitamin D Status 

and The Calcitriol Receptor Gene Polymorphisms VDR (RS1544410, 

RS2228570) In Patients with Pediatric-Onset Multiple Sclerosis. Nev-

rologicheskiy Zhurnal (Neurological Journal) 2018; 23(3): 138–143. 

doi: http://dx.doi.org/10.18821/1560-9545-2018-23-3-138-143 

[In Russian].

21. Mercola J., Grant W.B., Wagner C.L. Evidence Regarding Vita-

min D and Risk of COVID-19 and Its Severity. Nutrients. 2020; 

12(11):3361. DOI: 10.3390/ nu12113361.

22. Martineau A.R., Jolliff e D.A., Demaret J. Vitamin D and Tubercu-

losis. Vitamin D. 4th edn eBook, Imprint Academic Press. 2017; 

915–935.

23. Kalichamy, A., Honap, T., Mulay, A.P. Association of vitamin D re-

ceptor gene polymorphisms with clinical outcomes of dengue virus 

infection. Human Immunology. 73; (11):1194–1199. doi: https://doi.

org/10.1016/j.humimm.2012.08.007.

24. Hu, W., Wang, L., Chen, B., & Wang, X. Vitamin D receptor 

rs2228570 polymorphism and Parkinson’s disease risk in a 

Chinese population. Neuroscience Letters. 2020; 717:134–152.

DOI: https://doi.org/10.1016/j.neulet.2019.134722

25. Lee, S.W., Chuang, T.Y., Huang, H.H. VDR and VDBP genes 

polymorphisms associated with susceptibility to tuberculosis in 

a Han Taiwanese population. J Microbiol Immunol Infect. 2016; 

49 (5):783–787. doi: https://doi.org/10.1016/j.jmii.2015.12.008.

26. Li, Qian MM; Li, Wen MD; Chen, Menglu MM. Association of vita-

min D receptor gene polymorphism with the risk of sepsis: A sys-

tematic review and meta-analysis. Medicine. 2023; 102(38):35130. 

doi: 10.1097/MD.0000000000035130.

27. Пальшина А.М., Пальшина С.Г., Сафонова С.Л. и др. На заметку 

клиницисту: современный взгляд на метаболизм витамина Д 

и полиморфизм гена рецептора витамина Д. Вестник Северо-

Восточного федерального университета имени М.К. Аммосова. 

Серия: Медицинские науки. 2018; 3(12): 34-42. [Электронный 

ресурс]. URL: https://cyberleninka.ru/article/n/na-zametku-klinitsis-

tu-sovremennyy-vzglyad-na-metabolizm-vitamina-d-i-polimorfizm-

gena-retseptora-vitamina-d. (дата обращения: 20.01.2024).

Pal’shina A.M., Pal’shina S.G., Safonova S.L. Note to clinician: a mod-

ern view on vitamin D metabolism and vitamin D receptor genepoly-

morphism. Vestnik Severo-Vostoċnogo federal’nogo universiteta 



О Р И Г И Н А Л Ь Н Ы Е  С Т А Т Ь ИАрхивъ внутренней медицины • № 1 • 2024

71 

imeni M.K. Ammosova. Series: Medical Sciences. 2018; 3(12): 34-42. 

[Electronic resource]. URL: https://cyberleninka.ru/article/n/na-

zametku-klinitsistu-sovremennyy-vzglyad-na-metabolizm-vitamina-

d-i-polimorfizm-gena-retseptora-vitamina-d. (date of application: 

20.01.2024) [In Russian].

28. Maalej A. et al. Association study of VDR gene with rheumatoid 

arthritis in the French population. Genes & Immunity. 2005; 

6(8): 707-11. DOI: 10.1038/sj.gene.6364260.

29. Shih E.V., Milotova N.M. Rol’ polimorfizma gena VDR, kodiruyush-

chego receptor vitamina D, v patogeneze arterial’noj gipertonii. 

Biomedicina. 2009; 1:55-67.

30. Wang Q. et al. Quantitative assessment of the associations between 

four polymorphisms (FokI, ApaI, BsmI, TaqI) of vitamin D receptor 

gene and risk of diabetes mellitus. Molecular Biology Reports. 2012; 

39(10): 9405-14. DOI: 10.1007/s11033-012-1805-7

31. Костик ММ, Щеплягина ЛА, Ларионова ВИ. Роль генетического 

полиморфизма гена рецептора витамина D (VDR) в патогенезе 

ювенильного идиопатического артрита: теоретические и прак-

тические аспекты. Современная ревматология. 2014;(3):28–33. 

DOI: http://dx.doi.org/10.14412/2074-2711-2014-3-28-33.

Kostik MM, Sheplyagina LA, Larionova VI. Role of vitamin D receptor 

(VDR) gene polymorphism in the pathogenesis of juvenile idiopathic 

arthritis: Theoretical and practical aspects. Modern Rheumatol-

ogy Journal. 2014; (3): 28–33. [In Russian]. DOI: http://dx.doi.

org/10.14412/2074-2711-2014-3-28-33.

32. Майлян Э.А. Влияние генетических полиморфизмов генов 

системы витамина D на сывороточный уровень 25(ОН)D (обзор). 

Вестник Смоленской государственной медицинской академии. 

2017; 16(1): 19-25. 

Majlyan E.A. The effect of genetic polymorphisms of the vitamin D 

system genes on serum levels 25 (OH)D (overview). Bulletin of the 

Smolensk State Medical Academy. 2017; 16(1): 19-25 [In Russian].

33. Омарова Н.Х., Солтаханов Э.М., Омарова П.А. Генетиче-

ские факторы дефицита витамина D
3 
и их клиническое 

значение. Эколо гическая медицина. 2019; 2(1): 72-78. 

DOI: 10.34662/EM.2019. 2.1.72-78.

Omarova N.K., Soltakhanov E.M., Omarova P.A Genetic poly-

morphisms of vitamin 25(OH)D metabolism and their clinical 

significance. Ecological medicine 2019; 2(1):72-78. DOI: 10.34662/

EM.2019.2.1.72-78 [In Russian].


