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Pestome

Lienb: oueHnTb cTaTyc ButaMuHa D (25(OH)D) B pasimuHbix pervoHax Poccuiickoit Degepaumm (PD), a Take yCTaHOBUTL B3aUMOCBA3b MEXAY YPOB-
Hem 25(OH)D, Bo3pacTom 1 ypoBHeM napatvipeongHoro ropmMona (MTT). MaTepuanbl n MeToabl: OLeHKa cTaTyca ButaMuHa D npoBoguiace y xure-
Nei pasinyHbIX pernoHos PO (CesepHo-3anagHoro degepanbHoro okpyra (C3®0), LieHtpansbHoro (LPO), KOwHoro (FO®O) u [lanbHeBOoCTOYHOrO
(APO)) B nepuog c 2012 no 2017 r. Bcero B KPOCC-CEKLMOHHOM UCC/IeA0BaHUM MPOaHaNN3MpoBaHo 115694 aHOHUMHbIX 06pa3sLLoB, MPeAOCTaBIeHHbIX
He3aBUCMMOI KOMMepyecKolt 1abopatopueit. [ls onpeaeneruns ypoeHs 25(OH)D ncnonb3oBancs XeMUIIOMUHECLLEHTHbI UIMMyHOaHanu3. PesyabTa-
ThbI: BbifiB/IeHa NOBCEMECTHAs PacnpOCTPAHEHHOCTb HU3KMX ypoBHeit 25(OH)D: aeduunT (<20 Hr/mn) — 33,16 %, HegocTaTouHOCTb (220 1 <30 Hr/Mn)-
37,11 %, KoTOpas 3HaUYUTE/IbHO He OT/IMYA/Ach B 3aBUCMMOCTU OT pernoHa npoxmeanus (KOO (76,3 %), LLdO (69,2 %), C3®O (67 %) n AdO (63 %),
p>0,05). B neTHMe MecsLbl MeAMaHa ypoBHs BUTaMuHa D okasanachb Bbilwe, 4em B 3uMHue (25,3 Hr/mn [18,3; 33,5] vs 24 Hr/mn [16,7; 32,5], p=0,006).
YpoBeHb 25(0OH)D<30 Hr/MA yalle BCero BCTpeYanca y yHacTHukos maaguwe 20 net v crapuue 80 siet (75 % n 81%, cooTBeTCTBEHHO). TaKKe B rpyn-
ne Maaguwe 20 €T KONMYECTBO YHACTHUKOB C Lie/1eBbIMM YPOBHAMU BuTaMmuHa D (>30 Hr/Ma) okasanocb HU3KMUM, YTO 6bII0 COMOCTABIUMO C FPynMoi
crapuue 80 net (22,6 % v 18 %, cooteTcTBeHHO, p=0,1). MoATBEpPKAEHA OTPULLATENbHAA O6paTHas CBA3b MeXAY YPOBHAMM BuTaMmuHa D v MTT (r=-
0,11, p=0,002). BbisiBNeHa cnabas NONOKUTENbHAA KOPPEALMA MEXAY BO3PACTOM y4acTHUKOB v yposHamu MTT (r=0,18, p=0,000). 3akntoueHue:
lMosty4eHHbIe faHHbIe CBUAETENLCTBYIOT O LIMPOKOM PacrpOCTPaHEHHOCTM HUBKIX ypoBHeii 25(OH)D cpeam Bcex BO3pacTHbIX rpynn B PO. BbisBaeHb!
CTaTUCTUYECKM 3HAYMMbIe Pa3/IMymMA B CTaTyce BUTaMuHa D B 3aBUCMMOCTM OT BO3pacTa v BpeMeHu roga. pu 3ToM reorpaduyeckrie GakTopbl He OKa-
3a/11 3HAYMMOT O BAMAHMA Ha ypoBHM 25(OH)D. OTMeyeHa BbICOKasA pacnpoCTPaHEHHOCTb BblpaXKeHHOro AeduumTta Butammta D y imy maagwe 20 et
n ctaplwe 80 sieT. YcTaHOB/eHa cnabas NOIOKUTE/IbHAsA KOppesaLuusa Mexay Bo3pacToM n yposHeM MTI, 4To BMecTe C BbICOKOW YAacTOTOMN HU3KMX
KOHUeHTpaLuii BuTammHa D B cTapluelt Bo3pacTHow rpynne, TpebyeT ajeKBaTHON CBO@BPEMEHHOW KOPPEKLMM JaHHOMO COCTOAHUA U Aa/bHelLero
AVHAMUYEeCKOro Hab/loeHuns, C Lie/1bio NpeoTBpaLieHNA NOTeHLMaIbHbIX HeraTUBHbIX BAMAHUI AeduumTa BUTaMMHa D Ha KOCTHYIO TKaHb.

Knro4deBbie cnoBa: sumamun D, napamupeoudrsiii 20pMoH, cmamyc BumamuHa D, deguyum sumamuna D, pacnpocmpaHeHHoCmb, Bo3pacm

KoHpAMKT uHTepecos
ABTOPI;I 3aABNAKOT, YTO AaHHaA pa60Ta, eé TeMa, npeaMeT U cogepxaHue He 3aTparMBaloT KOHKYPUPYOLWNX UHTEpeCcoB

NcTouHnku puHaHcupoBaHus
ABTOpr 3asABAAIOT 06 OTCYTCTBUN ¢MHaHCMPOBaHMH npu npoeejeHnn nccnenoBaHna

CooTBeTCcTBUE npvHUMMNaM 3TUKAU

MccnepoBanue npeacTaBseT coboli aHa M3 aHOHUMHbIX 06pa3LioB, KOTOpble 6blM NpejocTaB/ieHbl 406pOBO/ILHO 6e3 Kakoi-11Mbo naeHTUdULMpyo-
el MH$OPMaL MK NLLOM, He MPUHUMAIOLLMM HUKAKOTO y4acTus B 3Tol paboTe. OCHOBHbIE NO/I0KEHUA Xe/IbCUHCKON AeKapaLum HapyLeHbl He 6bin.
B paMKax faHHOro uccnejoBaHuAa MeAULMHCKOe BMeLlaTe/IbCTBO YH4aCTHUKAM He MPpOBOAMNOCH, N yHaCcTMe He HEC/I0 HUKaKMX NOTeHLMalbHbIX PUCKOB,
no3ToMy paboTa He CYMTAeTCA UCCAe/0BaAHMEM Ha Ye/IOBEKe U He TpebyeT 3aK/1lo4YeHUsA STUYECKOro KOMUTETa.
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Abstract

Objective: to study the vitamin D (25(OH)D) status in various regions of the Russian Federation (RF), and to determine the relation between age, levels
of 25(OH)D and parathyroid hormone (PTH). Methods: The vitamin D status was investigated in residents of various regions of the Russian Federation
(Northwestern Federal District, Central Federal District, Southern Federal District and Far Eastern Federal District) between 2012 and 2017. In this
cross-sectional study 115694 anonymous samples were analyzed. All samples were provided by an independent commercial laboratory. Serum levels
of vitamin D (25(OH)D) were measured using chemiluminescent assay. Results: The prevalence of low levels of 25(OH)D was widespread in the Russian
Federation: deficiency (<20 ng/ml) — 33,16 %, insufficiency (=20 and <30 ng/ml) — 37,11 %, which did not significantly differ between various regions
(Southern Federal District (76,3 %), Central Federal District (69,2 %), Northwestern Federal District (67 %) and Far Eastern Federal District (63 %),
p>0,05). The median level of vitamin D was higher in the summertime than in the winter months (25,3 ng/ml [18,3; 33,5] vs 24 ng/ml [16,7; 32,5],
p=0,006). Levels of 25(0OH)D<30 ng/ml were most common in the age group younger than 20 years and in the age group older than 80 years (75 % and
81%, respectively). Also in the age group younger than 20, the number of participants with vitamin D levels in target range (>30 ng/ml) was low, which
was comparable to the age group over 80 years (22,6 % and 18 %, respectively, p=0,1). A negative inverse correlation between vitamin D and PTH levels
was confirmed (r=-0,11, p=0,002). There was a weak positive correlation between the age of participants and PTH levels (r=0,18, p=0,000). Conclusion:
The obtained data indicate the high prevalence of 25(OH)D deficiency among all age groups in the Russian Federation. Vitamin D levels were statisti-
cally differed depending on age and season. Geographic factors did not have a significant impact on vitamin D status in different regions of the Russian
Federation. The highest prevalence of severe D deficiency was observed in age group younger 20 years and over 80 years. A weak positive correlation
was established between age and PTH levels. Consideringthe high frequency of low vitamin D concentrations in the elderly age group, this condition
rerequires adequate correction and further follow-up in order to prevent the negative effects of vitamin D deficiency on bones.
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Relevance
of epidemiological studies confirm that fact: the inci-

Low vitamin D concentrations are observed in the
populations all over the world [1]. The precursor of
the active vitamin D (25-hydroxyvitamin D, 25(OH)
D) is synthesised in the liver induced by enzymes
CYP2R1 and CYP27A1 from vitamin D3, which forms
in the skin exposed to UV radiation, and can also enter
the body with food. Exposure to the sun, which directly
impacts the synthesis of endogenous vitamin D, depends
on the geographical latitude and climate in the place of
residence. In the regions lying above 40° of the north
latitude, exposure to the sun in winter is inadequate for
the body to have a sufficient amount of vitamin D [2].
Therefore, a major part of the population in the North-
ern Hemisphere is at risk of vitamin D deficiency. Data

dence of vitamin D deficiency (25(OH)D < 20 ng/mL) in
Europe varies from 30 % to 60 % [3].

In addition to geographical factors, vitamin D status
can be impacted by lifestyle, skin colour, clothes, less
time spent in the sun, and a wide use of sunscreens [4].
In the Middle East, vitamin D deficiency can be as high
as 90 %, despite a lot of sun during the year, because of
their lifestyle [5].

Without timely correction of low vitamin D con-
centrations, levels of parathyroid hormone (PTH) rise
to compensate the deficit, causing more intense bone
resorption [6]. Also, severe vitamin D deficiency usually
has direct negative impact on bones, impairing calcium
phosphate deposition in new bone tissue and causing
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osteoid mineralisation defects. All these factors can com-
promise the quality of the bone tissue and increase the
risk of fractures, especially in elderly [7].

The Russian Federation (RF) is located between 77°
and 41° of northern latitude; the climate, number of
sunny days in a year and UV index differ. In addition to
climatic factors, regions of Russia differ in culture and
traditions of their populations. Therefore, vitamin D
status of the RF citizens can vary depending on the
region. Due to geographic factors, a major part of the
population in Russia is at risk of vitamin D deficiency,
this fact being confirmed by study results. For example,
in a study by P. Lips et al. (2019), vitamin D deficiency
was observed in 39.7 % of samples, while low vitamin D
levels were diagnosed in 36.5 % [3]. A study by E.A. Piga-
rova et al. (2020) also demonstrated a high incidence of
low vitamin D concentrations in Russia: 84.3 % of sub-
jects had 25(OH)D < 30 ng/mL [8].

Since the vitamin D status depends on geographic and
demographic factors, as well as quality of life, dynamic
monitoring of vitamin D levels in various regions of
Russia is required to prevent its deficiency and poten-
tially negative impact of low levels of 25(OH)D on the
bone tissue.

The objective of this study was to evaluate the extent
of vitamin D deficiency and insufficiency among the
population of the Russian Federation depending on geo-
graphic factors and age, as well as to analyse the correla-
tion between 25(OH)D levels, PTH values and age.

Materials and Methods

The study enrolled 115,694 anonymous samples pro-
vided by the independent laboratory INVITRO. The
samples were collected over the period from 2012 to
2017 in the regions of Russia located between 43° and
59° of northern latitude: central region (CFD) — 61,772
(53.4 %) participants; north-western region (NWFD) —
10,003 (8.7%) participants, southern region (SFD) —
18,288 (15.8%) participants, and Far Eastern region
(FEFD) — 25,631 (22.1%) participants. The study
included specimens from patients aged 18 and above
years old (the median age was 45 [33; 58] years old): the
under 20 years old group included 5,553 (4.8 %) people;
20-39 years old — 39,105 (33.8 %) people; 49-59 years
old — 44,658 (38.6 %) people; 60-79 years old — 24,411
(21.1%) people; and over 80 years old — 1,967 (1.7 %)
people. This study did not require any inclusion/exclu-
sion criteria to be met.

Serum 25(OH)D levels were measured by a chemi-
lumescent analysis (Architect 8000, Abbot, USA). The
results were evaluated in accordance with the clinical
guidelines for the diagnosis, management and preven-
tion of vitamin D deficiency in adults (2016), where an
adequate 25(OH)D level was 30-60 ng/mL, 25(OH)D of
less than 20 ng/mL is deficiency, while 25(OH)D levels of

20-30 ng/mL is vitamin D insufficiency [9]. In addition
to vitamin D levels, blood creatinine, calcium and PTH
levels were measured (reference range: 1.6-6.9 pmol/L).
The correlation between PTH and vitamin D levels was
analysed only for samples, where calcium and creatinine
levels were within the reference range (reference cal-
cium values depending on the age: 12-60 years old —
2.1-2.55 mmol/L, 60-90 years old — 2.2-2.55 mmol/L;
creatine: 50-98 pumol/L for women and 64-111 pmol/L
for men).

Statistical Analysis

Statistical data processing was performed using STA-
TISTICAG6.0 package (StatSoftInc., 2001, USA). Data are
presented as the median (Me) and quartiles [Q1;Q3].
Quantitative differences between two independent
groups were identified using the Mann-Whitney test.
The Kruskal-Wallis test was used to identify quantitative
differences between three and more independent groups.
Frequency differences in groups were evaluated using y°.
The Spearman’s test was used to evaluate the correlation.
The level of statistical significance was 0.05.

Results

The median age of participants was 45 [33; 58]
years old. The median 25(OH)D concentration for all
samples was 23.9 ng/mL [17.0; 31.6]. Vitamin D insuf-
ficiency was observed in 42,934 (37.11%) samples.
Vitamin D deficiency (< 20 ng/mL) was diagnosed in
38,364 (33.16 %) participants, including 4,211 (3.6 %)
cases of severe deficit. Thus, 70 % of participants had
25(OH)D levels below 30 ng/mL. Target vitamin D
levels (30-60 ng/mL) were recorded only in 31,237
(27 %) of participants (Fig. 1).

Given varying daylight duration and number of
sunny days in a year, vitamin D status has been evaluated
for different federal districts of Russia (Fig. 2). Vitamin D

I <10 ng/ml
I 10-20 ng/ml
I 20-30 ng/ml
[ 130-60 ng/mi
[ >60 ng/ml

27%

37,11%

2,73%
3,64%

29,52%

Figure 1. Vitamin D status from 2012 to 2017 in Russian
Federation
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deficiency and insufficiency are a common condition
among the citizens of Russia, irrespective of a region
of their residence: CFD — 33% and 36.2%, NWFD —
33.6 % and 33.4 %, SFD — 35.4 % and 40.9 %. There were
no significant differences in the number of participants
with adequate vitamin D levels in the CFD, NWFD, SFD
and FEFD (p > 0.05).

The incidence of severe vitamin D deficiency
(< 10 ng/mL) was higher in the NWFD — 5.6%
(p < 0.05 for all) vs. other federal districts of Russia.

Low vitamin D levels were usually observed during
winter. 35% of samples collected during winter had
vitamin D deficiency; it is higher than during summer
(30%) (p = 0.006). The data for the CFD demonstrated
this trend: in winter, the median vitamin D levels were
lower and made 24 ng/mL [16.7; 32.5], while in summer,
they were 25.3 ng/mL [18.3; 33.5] (p = 0.006). Of note,
in the NWED this trend was not observed: vitamin D
levels were similar in winter (24.5 ng/mL [17.2; 33.0])
and summer (26 ng/mL [18.5; 33.9]), p = 0.244 (Fig. 3).

The 25(OH)D status was analysed in various age
groups (Fig. 4). It has been shown that vitamin D defi-
ciency and severe vitamin D deficiency were most
common in participants under 20 years of age — 42%
and 7.7 % vs. other age groups: 20-39 years of age (31.5 %
and 3.9%) and 40-59 years of age (32% and 3.7 %),
p = 0.000 for all. At the same time, the number of par-
ticipants with the target vitamin D levels in the group of
under 20 years old was also low and comparable with the
group of over 80 years of age (22.6 % and 18 %, respec-
tively, p = 0.1). Vitamin D concentrations below 30 ng/
mL were predictably common in patients over 80 years
old (79%). Adequate 25(OH)D concentrations were
observed in 29.1% of participants in the age group
20-39 years old, which is statistically higher than in all
other age groups (p = 0.000 for all).

PTH levels at various vitamin D concentrations were
evaluated. At the vitamin D level of below 30 ng/mL, the
median PTH value was 5.1 pmol/L [3.9; 6.6], while at the
target vitamin D value, the median PTH was 4.7 pmol/L
[3.7;6.1], which is statistically lower (p = 0.002) (Fig. 5).

Figure 2. Vitamin D status among residents

of different regions of Russian Federation
Note. CEFD — Central Federal District, NFD — Northwestern
Federal District, SFD — Southern Federal District, FEFD — Far
Eastern Federal District
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Figure 3. Vitamin D levels during summertime and

winter in the Central and Northwestern regions

Note. 25(0OH)D — vitamin D, NFD — Northwestern Federal District,
CFD — Central Federal District
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Figure 4. Vitamin D levels in different age groups

279



280

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine ® Ne 4 e 2024

] 25%~75%
T Range within 1.5IQR

30 4 Median Line
* .
+ Outliers
.

- 25 . .
&
4 _
5 % 20
S T
Ea
- - .
E g 151 3
s i : $
TkE L] 3
gE "
2a
(=}
> 5

04

T T T T T
<10 <20 20-29 30-60 >60

YpoBeHb ButamuHa D, Hr/mn/
Vitamin D level, ng/ml

Figure 5. The relation between PTH and vitamin D levels
Note. PTH — parathyroid hormone, <10 ng/ml — severy vitamin D deficiency,
<20 ng/ml — vitamin D defiency, 20-29 ng/ml — vitamin D insufficiency, 30-

60 ng/ml — optimal levels, >60 ng/ml — above target range

w
a
1

w
o
1

N
o
1

[
o
1

-
(]
1

s
o
1

8,6

Number of samples with elevated PTH, %
(4]
1

KonuyectBo 06pa3uoB ¢ noBbiweHHbIM MNTI, %/
o
1

<10 <20
YpoBeHb BuTamuHa D, Hr/mn/ Vitamin D level, ng/ml

20-29 30-60 >60

Figure 6. The number of samples with eveleted PTH levels

depending on vitamin D levels

Note. PTH — parathyroid hormone, <10 ng/ml — severy vitamin D deficiency,
<20 ng/ml — vitamin D defiency, 20-29 ng/ml — vitamin D insufficiency, 30-
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Among samples with the vitamin D levels of
30-60 ng/mL, higher PTH levels (reference range used
in the laboratory: 1.6-6.9 pmol/L) were observed in
15.7% of samples, whereas with the severe vitamin D
deficiency — in 32.6 %; where the 25(OH)D concentra-
tion was below 20 ng/mL — in 24.4 % and only in 8.6 %
of participants — at the vitamin D levels of above 60 ng/
mL (p = 0.000 for all) (Fig. 6).

A weak negative reverse correlation between the vita-
min D level and PTH (r = -0.11, p = 0.002) was con-
firmed. A weak direct correlation between the age and
PTH levels (r = 0.18, p = 0.000) was observed. There was
no correlation between the age and the vitamin D level
(r=-0.015, p > 0.05).

Samples with the vitamin D level of 30-60 ng/mL
and PTH exceeding the upper reference limit were
analysed separately. The median age in the high PTH
group was 64 years old [56;70], whereas in the group
with the target PTH group, it was 56 years old [47;63],
(p = 0.000).

Discussion

This study analysed the 25(OH)D status of
115,694 samples from various regions of Russia, and this
number is higher than in any similar study in the Rus-
sian Federation. Vitamin D insufficiency was recorded
in 37.11 % of samples, while deficiency was observed in
33.16 %. Only 27 % of participants had the 25(OH)D level
of over 30 ng/mL. The data confirm the high incidence
of low vitamin D levels in Russia, which corresponds to
other Russian studies [8, 10-14]. A study by Smirnova D.
et al. (2022) in 30,040 participants showed that in 2013-
2018 the vitamin D deficiency rates were 39.7 %, while
the target 25(OH)D levels (> 30 ng/mL) were recorded
only in 23.8 % of participants [10].

More strict inclusion criteria can affect the results.
E.g. [8] evaluating in 2020 the 25(OH)D status of
500 volunteers living in the regions of Russia located
between 45° and 70° north longitude showed that the
mean vitamin D level was 20.9 ng/mL. Vitamin D defi-
ciency was observed in 56.4% of participants, while
insufficiency was recorded in 27.9 %. However, in this
study we did not have information on any vitamin D
preparations taken, comorbidities and reasons to test
25(OH)D levels. At the same time, Pigarova E.A. et al.
(2020) did not include participants taking vitamin D
preparations, and that could have caused lower 25(OH)
D values [8].

An evaluation of the 25(OH)D status of people resid-
ing in various regions of Russia showed a high incidence
of vitamin D deficiency and insufliciency, even in the
areas with a larger number of sunny days and warmer
climate. For instance, in the SFD, the adequate vitamin D
level was observed only in 21.8 % of samples, while defi-
ciency and insufficiency were observed in 76.3 %. A high
incidence of low 25(OH)D levels was also observed
in other southern regions of the Russian Federation.
In 2013-2015, vitamin D deficiency and insufficiency
were recorded in 82 % of the citizens of Rostov-on-Don
[11]. In their article Pigarova E.A. et al. [8] describe that
the 25(OH)D level below 30 ng/mL among the popula-
tion of the same region was recorded even in a larger
number of cases (92.86 %), while the target vitamin D
levels were observed only in 7.14 %.

The incidence of vitamin D deficiency in Moscow
(55° north latitude) was 32 %, in Saint-Petersburg (59°
north latitude) — 34 %, which was higher than in other
countries in the same geographical region. For instance,
in Sweden (58° north latitude), 25(OH)D levels of below
20 ng/mL were recorded in 17 % of the population [15]
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and in Denmark (56° north latitude) — in 23.6% [16].
These differences in the incidence of low vitamin D con-
centrations can be associated with differences in the diet.
In Russia, food is usually not supplemented with vita-
min D, and people eat little fatty fish [17], while in the
Nordic countries, food supplementation with vitamin D
is a common practice, and the populations in these coun-
tries each more fish and seafood [18].

In this article, the geographical distribution is not the
major factor impacting the differences in the vitamin D
status. At the same time, in a study by Smirnova D.V.
et al. (2022) [10], an analysis of the correlation between
mean vitamin D values and the latitude revealed a non-
linear dependence. In women, the highest 25(OH)D
concentrations were observed in mid-latitudes, while
the lowest concentrations were recorded in southern and
northern regions. In men, the vitamin D concentrations
were roughly at the same level (25 ng/mL) in southern
and mid-latitudes, with a sharp drop in values in regions
located to the north of latitude 69°.

Elderly people are especially susceptible to vitamin D
deficiency because of the reduced time spent under the
sun, reduced synthetic function of the skin and reduced
glomerular filtration rate [19]. As expected, vitamin D
deficiency (81%) and severe vitamin D deficiency
(18 %) were recorded in subjects over 60 years of age.
In another Russian study analysing the vitamin D status
in the Irkutsk Region, the mean vitamin D level in the
group of people over 70 years of age was lower than
in people of other ages and made 15.13 + 2.24 ng/mL
[13]. In elderly people, low vitamin D levels often cause
phosphoric-calcium exchange impairments, as well as
contribute to sarcopenia. Sarcopenia in patients is asso-
ciated with senile asthenia, an increased risk of falls,
fractures, thus reducing the quality and length of life.
In 2022, in Russia over 33 million of people were people
aged 60 and over years old [20]; and this study shows
that a majority of them have vitamin D deficiency. This
condition requires adequate and timely correction in
order to prevent possible negative impact by vitamin D
deficiency.

High rates of vitamin D deficiency and severe vita-
min D deficiency in people under 20 years of age is of
particular interest. In a study by Pigarova E.A. et al.
(2020), an analysis of the vitamin D status in 18-50 years
olds showed a similar pattern: vitamin D deficiency was
observed in 72.2 % of samples collected from people aged
18-25 years old, i.e. higher than in other age groups [8].
It can be assumed that this pattern is a result of a higher
demand in vitamin D in this age group. According to
Rosstat data for 2022, there are 7 million people aged
15-19 years old [20]. This study shows that vitamin D
deficiency is recorded in 42 % of people under 20 years
old, i.e. in approximately 3 million young people. Bone
mass acquisition starts in childhood and adolescence
and peaks at the age of 20-30 years old; therefore, correc-
tion of vitamin D deficiency in this age group is crucial

for the prevention of poorer bone tissue quality and age-
related fractures.

This study confirmed the impact of the sunlight on
vitamin D concentrations. 25(OH)D levels were statisti-
cally higher during summer than during winter.

Given that a number of articles [21, 22] discuss
the significance of vitamin D status accounting when
setting reference PTH range, this study evaluated the
association between PTH levels and various 25(OH)D
values.

Median PTH at the target vitamin D levels was
lower than at 25(OH)D < 30 ng/mL. However, the
median PTH value at severe vitamin D deficiency was
comparable with median PTH at vitamin D levels of
30-60 ng/mL, which can be a result of a small sample
size selected for analysis.

The age can also impact the association between PTH
and vitamin D levels [23, 24], that is why age-related
changes in PTH and 25(OH)D levels were analysed.
A weak negative reverse correlation between PTH and
vitamin D levels was confirmed. A weak direct correla-
tion between the age and PTH levels was observed. Also
for the samples with the target sufficient vitamin D levels,
but with higher PTH concentrations, participants were
older than for the samples with target PTH and 25(OH)
D values. Y. Jiang et al. (2020) demonstrated that, with
ageing, parathyroid glands express less vitamin D recep-
tor, 1-alfa-hydroxylase(CYP27B1) and 24-hydroxylase
(CYP24A1), and it results in reduced synthesis of the
active form of vitamin D (1,25(OH),D) and higher PTH
levels in elderly people [25].

A high incidence of lower vitamin D levels not only
in elderly, but also in young people (under 20 years of
age) can signify a U-shape correlation between vita-
min D levels and age of participants.

This is a large-scale cross-sectional study; however,
there were a number of limitations: anthropometric
information, including sex and body weight, was miss-
ing; comorbidities were unknown; there was no informa-
tion on medications or biologically active supplements
containing vitamin D, which could impact 25(OH)D
concentration.

Conclusion

We analysed 115,694 samples collected in 2012-2017.
The incidence of vitamin D insufficiency and deficiency
was 37.11 % and 33.16 %, respectively. There are statis-
tically significant differences in the vitamin D status
depending on age and time of year. At the same time,
geographic factors did not have any impact on vitamin D
levels. A high incidence of vitamin D deficiency in par-
ticipants under 20 years of age and over 80 years of age
was observed. Since the bone mass is actively acquired up
to 30 years of age, correction of 25(OH)D deficiency in
young people is essential for normal bone mineralisation
in order to prevent fractures. A weak direct correlation
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between the age and PTH levels was established. Given
the low vitamin D levels in elderly people and an increase
in PTH levels with ageing, this group of patients needs
adequate and timely correction of low vitamin D levels
and follow-up.
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