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Abstract 

Background Data from numerous studies demonstrate the high frequency of vitamin D deficiency (VDD) and insuf-
ficiency (VDI) in many countries worldwide that depend on age and sex, seasons, country, and concomitant pathol-
ogy. This research aimed to study vitamin D status in the Ukrainian population during 2016–2022 years depending on 
age, sex, month, and year of the observation, and compare the results with the data of previous Ukrainian epidemio-
logic studies.

Methods In a single-center cohort study, we analyzed the serum total 25-hydroxyvitamin D (25(OH)D) level in 7,418 
subjects aged 20–99 years. The analysis was performed depending on age, sex, month, season, and year of the obser-
vation. Also, we compared the results with the data of previous Ukrainian studies. 25(OH)D level was measured using 
the electrochemiluminescence method.

Results The mean serum 25(OH)D level in the total group was 31.0 [22.3–41.1] ng/mL, the lowest level was in the 
age group 90–99 years old. No gender differences were found in 25(OH)D levels, except the one for the women aged 
60–69 years old who had higher vitamin D levels compared to male parameters. 41.6% of the subjects had an optimal 
(> 30–50 ng/mL) 25(OH)D level, 27.3% had VDI, and 19.5% had a VDD. The suboptimal and high serum concentration 
of 25(OH)D (> 50–100 ng/mL) was found in 11.4% of the subjects. Also, we established the increase of serum 25(OH)D 
level from 2016 to 2022 with the highest values in 2020–2022. Seasonal variations of 25(OH)D concentration con-
firmed the highest index in autumn (33.0 [24.0–42.4] ng/mL) and the lowest one in the spring (28.5 [19.7–38.7] ng/
mL) with the highest 25(OH)D level in September and the lowest one in March.

Conclusion Our results confirmed a decrease in VDD and VDI in 2020–2022 in the Ukrainian population compared 
to the previous years (2016–2019) and previous Ukrainian studies with similar age and seasonal particularities. It may 
be the consequence of an improvement in public awareness of global vitamin D deficiency, its positive skeletal and 
extra-skeletal effects, as well as more intensive vitamin D supplementation due to the COVID-19 pandemic in the 
recent years.
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Introduction
Vitamin D is a fat-soluble group of vitamins that plays 
an important role in the human body. Its receptors were 
found in the nuclei and cell membranes of almost all 
human organs and tissues that, due to different genomic 
and non-genomic mechanisms, ensure the realization of 
its numerous skeletal and extra-skeletal effects. Vitamin 
D is not only an important regulator of calcium-phos-
phorus metabolism, which plays a great role in the pre-
vention of rickets and osteomalacia, but also in a number 
of immune, endocrine, nervous, and cardiovascular sys-
tems diseases and some common types of cancer [1–4]. 
Vitamin D deficiency (VDD) is an increasing problem at 
a global level, and it has a great influence on the risk of 
many various diseases and mortality.

Nowadays, the data from numerous studies confirmed 
a high rate of VDD worldwide [5–10]; however, its fre-
quency significantly varies. According to the current 
knowledge, the main reasons for VDD are insufficient 
exposure to sunlight in some populations due to geo-
graphic locations of some countries, in young people due 
to their lifestyle, and in older subjects due to a decreased 
vitamin D synthesis in the skin and absorption from the 
food. Also, dark skin pigmentation, the presence of dis-
eases or conditions which have an important impact on 
vitamin D metabolism (obesity, malnutrition, kidney or 
liver failure, certain types of cancer, etc.), certain drug 
usage (glucocorticoids, anticonvulsants, cytostatics, 
etc.) are important factors for the VDD. Previous stud-
ies [8] demonstrated that the mean rate of the VDD in 
the world consists of about 37%, and it was the lowest 
in the USA (18%) in contrast to the countries of Europe 
(40%) and Africa (34%). Another study demonstrated that 
the rate of VDD in the Northern Europe population is 
lower (approximately 20%), and it was higher (30–60%) in 
Western, Southern, and Eastern European countries [9].

In 2011, the Institute of Medicine (IOM) and the 
Endocrine Society’s Clinical Guidelines Subcommit-
tee suggested evaluating the vitamin D status using the 
measurement of the total serum level of 25-hydroxyvita-
min D (25(OH)D) and proposed the next ranges for vita-
min D status: VDD (25(OH)D serum level ≤ 20  ng/mL 
or ≤ 50 nmol/L), vitamin D insufficiency (VDI: 21–29 ng/
mL or > 50 and < 75 nmol/L) and normal vitamin D level 
(≥ 30 ng/mL or ≥ 75 nmol/L) [11].

Up to date, four Ukrainian epidemiological studies 
regarding vitamin D status were performed between 
2011 and 2019 [12–15]. They established a high rate of 
VDD among the Ukrainian population regardless of 
age, gender, and region of residence. This finding and 
the wide implementation of vitamin D guideline for the 
Central Europe countries [16] raised the level of vitamin 
D prescriptions in Ukraine. During the last few years, 

COVID-19 pandemic became another important factor 
for the increase of vitamin D testing and supplementa-
tion in different countries in general and in Ukraine in 
particular. However, there are no data about the rate of 
VDD in Ukraine during the last years, which became the 
reason for the conducting this study.

Methods
The research aimed to assess frequency of VDD and VDI 
in the Ukrainian population in 2016–2022 and to com-
pare the results to the data of previous Ukrainian epide-
miological studies.

Study design
In the single-center study conducted by the State Insti-
tution "D. F. Chebotarev Institute of Gerontology of the 
National Academy of Sciences of Ukraine", we retrospec-
tively analyzed 25(OH)D levels in blood serum of 8,758 
adults aged from 20 to 99 years who, for various reasons, 
sought the measurement of (25(OH)D) in the Institute 
between 01 January 2016 and 31 December 2022. The 
sample was not drawn and analyzed only until March 
2022 due to the Russian aggression in Ukraine in Febru-
ary and the impossibility of conducting the research.

Population
Among 8,758 of the subjects whose data were available, 
7,418 were selected for the analysis.

In the analysis, we included the data of the subjects of 
both sexes aged 20–99 years old which firstly in the defi-
nite years (2016–2022) measured 25(OH)D blood level. 
Supplementation of the vitamin D (200–4000  IU/d dur-
ing the last 3  months) was allowed for inclusion in this 
study. Before the blood drawing, all participants signed 
informed consent for the use of their data for scientific 
studies according to the requirements of the Institute.

Exclusion criteria were the presence of clinically signifi-
cant co-morbid pathologies with sub- and decompensa-
tion stages, diseases or conditions with a proven effect 
on vitamin D metabolism (liver, kidney failures, etc.), 
previous cancers, as well as vitamin D supplementation 
in the doses ≥ 4,000  IU/d at the time of examination or 
3 months before it.

The analysis of the results was performed depending on 
sex, age (the groups were divided by decades), months, 
seasons, and years of the examination and vitamin D sta-
tus. For the studying of the seasonal effects on 25(OH)D 
levels, samples had been grouped depending on the time 
of their collection into 4 seasons: winter (December-
February), spring (March–May), summer (June–August), 
and autumn (September–November).



Page 3 of 9Grygorieva et al. BMC Nutrition            (2023) 9:49  

25(OH)D measurements
Vitamin D level (ng/mL) was measured by the value of 
25(OH)D total (25-hydroxyvitamin  D2 and 25-hydroxy-
vitamin  D3) in blood serum. Venous blood sampling was 
drawn from 8:30 a.m. to 10:00 a.m. in the subjects fasting 
for at least 12 h. Blood samples were collected in vacu-
tainer tubes with EDTA and gel, centrifuged, and sepa-
rated, then, following cold chain principles, sent to the 
laboratory for measurement of 25(OH)D levels. It was 
assessed using the electrochemiluminescence method on 
 Cobas® e411 analyzer,  (RocheDiagnostics®, Germany). 
This method allows to determine a 25(OH)D total in 
the range from 3.0 to 70.0 ng/mL. The sensitivity of the 
method consisted of 3.01  ng/mL, and the coefficient of 
variation is 7.5%. Samples with vitamin 25(OH)D con-
centration higher than the measurement range were 
manually diluted 1:2 and multiplied by the dilution factor.

The 25(OH)D level in blood serum was assessed 
according to the Central and Eastern European Expert 
Consensus [17] and was discriminated on the follow-
ing ranges of serum 25(OH)D: concentration of < 20 ng/
mL was considered as VDD, ≥ 20  ng/mL and < 30  ng/
mL was considered as VDI. 25(OH)D, concentration 
of 30–50  ng/mL was considered as vitamin D suffi-
ciency, > 50–60  ng/mL—as safe but not as a target level 
of vitamin D, > 60–100 ng/mL—as the area of uncertainty 
with potential benefits or risks, and the 25(OH)D con-
centration of > 100 ng/mL was considered as oversupply/
vitamin D toxicity. For comparison of 25(OH)D level with 
data of other studies where it was presented in nmol/L) 
we used the coefficient *2.5.

Statistical analysis
Statistical analysis was performed using STATISTICA 10 
software (Serial Number: STA999K347150-W). For con-
tinuous variables, the results are presented as the mean 
value (M) and its standard deviation (M ± SD) in case 
of normal distribution or median and lower and upper 
quartiles (Me [25Q-75Q]) in case of the non-normal dis-
tribution of studied variables, for quantitative variables 
– in n (%). The continuous variables with normal distri-
bution were compared using the Student test or One-
way analysis of variance ANOVA (for comparison of 2 
or more than 2 independent groups), others – using the 
Mann–Whitney or Kruskal–Wallis tests (for comparison 
of 2 or more than 2 independent groups, respectively). 
Differences in the distribution of the two samples were 
assessed using the χ2 test. The calculation of M ± SD in 
the case of the non-normal distribution of the variables 
was used for comparing our results with the data of other 
researchers. Differences between indices were considered 
significant when p < 0.05.

Results
The females formed 88.3% (n = 6552) of all exam-
ined subjects and males, respectively, 11.7% (n = 866). 
The mean age of the subjects was 60.6 ± 13.8  years old 
(females were significantly older than males, respectively, 
61.7 ± 13.0 and 52.5 ± 16.9  years, t = 18.9; p < 0.0001). 
19.3% of the studied group confirmed the vitamin D sup-
plementation during the last 3 months (200–4000 IU/d).

The mean level of the serum 25(OH)D in the total 
group consisted of 31.0 [22.3–41.1] ng/mL (M ± SD: 
32.6 ± 14.5 ng/mL), with minimum and maximum values 
of 3.0 and 132.9 ng/mL, respectively. The analysis in the 
total group revealed that 3,089 subjects (41.6%) had an 
optimal (30–50 ng/mL) serum concentration of 25(OH)
D, 2,023 persons (27.3%) had VDI, and 1,449 subjects 
had VDD (19.5%). A suboptimal and high serum concen-
tration of 25(OH)D (50–100  ng/mL) in the total group 
was found in 551 and 293 persons, respectively (7.4 and 
4.0%), 13 subjects (0.2%) had potentially toxic 25(OH)D 
concentrations (> 100 ng/mL).

In the total group, women had significantly higher 
25(OH)D serum level (Me [25Q-75Q]: 31.2 [22.5–41.3] 
ng/mL; M ± SD: 32.8 ± 14.6  ng/mL) compared to the 
indices in men (Me [25Q-75Q]: 29,8 [21.0–39.8] ng/
mL; M ± SD: 31.2 ± 14.2  ng/mL) (Z = 2.89; p < 0.004). 
However, the analysis in the age subgroups did not find 
any significant differences except for the group aged 
60–69  years (Z = 3.88; p < 0.0001), where the 25(OH)D 
level in females was higher than in males.

We did not establish any significant differences in 
serum 25(OH) level depending on age groups in males 
(H = 12.3; p = 0.09), however, they were found in 
females (H = 82.8 p = 0.00001). The lowest 25(OH) level 
in women was found in the oldest age (90–99  years), 
and the highest one in the subjects aged 60–69  years 
old (Table  1). The level of 25(OH)D in persons aged 
90–99 years was significantly lower than the correspond-
ing indices in all younger age groups. In the 60–69 years 
old age group the level of 25(OH)D in women was sig-
nificantly higher than parameters in the 30–39, 70–79, 
80–89, and 90–99 years old age groups (Table 1).

The analysis of the 25(OH)D level depending on the 
year of examination (2016–2022, Table 2) revealed a sig-
nificant increase of the 25(OH)D level during the studied 
period (H = 572.1; p < 0.0001).

The mean annual serum 25(OH)D levels for 2022 was 
significantly higher compared to 2016, 2017, 2018, and 
2019 years and did not differ from the indices in 2020 and 
2021.

The analysis of the distribution of the subjects regard-
ing the serum 25(OH)D level during the studied period 
confirmed the decrease in the VDD from 33.7% in 2016 
to 9.3% in 2022 (Table 3). Also, during the last four years 
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(2019–2022) we revealed the subjects with toxic vitamin 
D concentrations in the blood.

We had found a significant effect of the month of 
blood collection on serum 25(OH)D levels (H = 94.9; 
p = 0.0001). The serum level of 25(OH)D was the high-
est in September and October and the lowest – in March 
(Table 4). The mean 25(OH)D level in March was lower 
than in other months except for February, other spring 
months (April and May), and two first summer months 
(June and July).

Also, we found significant seasonal variations in serum 
25(OH)D levels (H = 85.1 p = 0.0001). The median 
serum 25(OH)D level was the highest in autumn (33.0 
[24.0–42.4] ng/mL) and was the lowest in spring (28.5 
[19.7–38.7] ng/mL). The 25(OH)D concentration in win-
ter and summer consisted of 30.7 [22.1–42.6] and 31.1 
[23.1–40.3] ng/mL, respectively. The level of 25(OH)D in 
blood serum in spring was significantly different from the 
values in winter (Z = 5.92; p < 0.0001), summer (Z = 5.33; 
p < 0.0001), and autumn (Z = 9.14; p < 0.0001). The mean 

Table 1 25(OH)D level in blood serum of the subjects depending on age, ng/mL

The difference between the indices was evaluated using the Mann–Whitney test; * – significant differences (p < 0.05) compared to the age group of 90–99 years; # – 
significant differences (p < 0.05) compared to the age group of 60–69 years

Age groups, years Total group Men Women

n Me [25Q-75Q] n Me [25Q-75Q] n Me [25Q-75Q]

20–29 243 29.0 [20.2–39.1]* 82 27.6 [18.4–38.1] 161 30.0 [21.3–39.6]*

30–39 475 29.3 [21.6–39.2]*# 135 29.3 [21.0–39.8] 340 29.3 [22.0–39.1]*#

40–49 672 31.6 [22.6–42.0]* 179 31.4 [21.9–40.5] 493 31.7 [22.9–42.3]*

50–59 1554 31.6 [23.6–41.6]* 145 31.9 [23.7–42.3] 1409 31.5 [23.6–41.6]*

60–69 2517 32.1 [23.1–42.0]* 164 26.8 [20.9–36.6] 2353 32.5 [23.5–42.4]*

70–79 1485 29.8 [19.9–39.7]*# 124 32.3 [20.1–40.5] 1361 29.6 [19.9–39.6]*#

80–89 453 29.9 [18.8–40.5]*# 30 28.1 [15.5–38.5] 423 30.1 [18.9–40.7]*#

90–99 19 17.0 [8.2–28.9]# 7 28.9 [3.2–32.3] 12 14.5 [9.2–21.0]#

All Group 7418 31.0 [22.3–41.1] 866 29.8 [21.0–39.8] 6552 31.2 [22.5–41.3]

Table 2 The serum 25(OH)D level depending on the year of observation and sex, ng/mL

The difference between the indices was evaluated using the Mann–Whitney test; * – significant differences (p < 0.05) compared to the level in 2022

YYear All subjects Men Women

n Me [25Q-75Q] M ± SD n Me [25Q-75Q] n Me [25Q-75Q]

2016 1028 25.1 [17.5–32.8]* 25.9 ± 11.6 120 24.4 [16.4–33.2]* 908 25.2[17.6–32.7]*

2017 1361 28.9 [19.8–37.3]* 29.1 ± 12.3 173 28.4 [20.2–38.9] 1188 28.9 [19.7–37.2]*

2018 1390 30.2 [21.7–40.3]* 31.5 ± 13.0 189 31.1 [20.3–40.4] 1201 30.3 [21.8–40.6]*

2019 1432 32.0 [23.2–42.2]* 33.3 ± 14.4 144 30.2 [21.4–42.4] 1288 31.9 [23.2–41.9]*

2020 786 36.8 [27.5–47.2] 38.1 ± 15.9 73 32.3 [22.6–42.4] 713 37.2 [28.0–47.8]

2021 805 35.0 [26.8–45.8] 37.2 ± 15.8 101 31.4 [24.2–39.8] 704 35.5 [27.0–46.4]

2022 616 36.0 [26.8–49.5] 38.9 ± 16.2 66 32.3 [22.8–42.1] 550 36.9 [27.1–50.3]

Table 3 Distribution of the subjects regarding to serum 25(OH)D level depending on the year of examination

Serum level of 25(OH)D, ng/mL 2016 2017 2018 2019 2020 2021 2022

< 20 (deficiency) 346 (33.7) 344 (25.3) 286 (20.6) 252 (17.6) 86 (10.9) 78 (9.7) 57(9.3)

20–29 (insufficiency) 341 (33.2) 392 (28.8) 387 (27.8) 378 (26.4) 162 (20.6) 214 (26.6) 149 (24.2)

30–50 (optimal values) 307 (29.9) 557 (40.9) 595 (42.8) 612 (42.7) 387 (49.2) 370 (46.0) 261 (42.4)

> 50–60 (suboptimal values) 25 (2.4) 55 (4.0) 92 (6.6) 135 (9.4) 90 (11.5) 84 (10.4) 70 (11.4)

> 60–100 (high concentration) 9 (0.9) 13 (1.0) 30 (2.2) 53 (3.7) 54 (6.9) 56 (7.0) 78 (12.7)

> 100 (toxic concentration) 0 0 0 2 (0.1) 7 (0.9) 3 (0.4) 1 (0.2)
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25(OH)D level in autumn was significantly higher than 
the indices in winter (Z = 3.01; p < 0.02) and summer 
(Z = 3.70; p < 0.001).

Analysis of the 25(OH)D level depending on year and 
season revealed that in the winter of 2022, the 25(OH)
D level was significantly higher than the corresponding 
indices during the winter seasons of 2016–2020 (for all 
indices p < 0.001) without significant difference com-
pared to the index in winter 2021. It was also higher 

in spring 2022 than the indices of the studies of other 
years. The mean 25(OH)D level did not differ signifi-
cantly in summer depending on the year of observation 
for 2017–2022  years, although the index in 2016 was 
significantly lower than the ones in other years. During 
autumn, the 25(OH)D level also did not differ signifi-
cantly in 2018, 2019, 2021, and 2022 years, only it was 
higher in the fall 2020 and lower in the same season in 
2016 and 2017  years compared to the corresponding 
index in 2022 (Fig. 1).

Discussion
Presently, it is well known that vitamin D gains impor-
tance worldwide for its crucial role in the development 
of its skeletal and numerous extra-skeletal effects. Many 
studies from different countries [5–10] had demonstrated 
the regional particularities of the VDD and the VDI 
depending on sex, age, and seasons. Current data dem-
onstrate increased testing for 25(OH)D levels in the past 
decade [18], and the interest in vitamin D has increased 
in recent years due to the COVID-19 pandemic and its 
possible effects in the prevention of COVID-19-associ-
ated complications [19, 20].

The analysis of existing Ukrainian epidemiologic stud-
ies devoted to the investigation of the vitamin D sta-
tus revealed four of them. The first one, published in 
2011 [12] with the participation of adults from differ-
ent regions of Ukraine showed a high level of the VDD 
(81.8%) and the VDI (13.6%). The authors demonstrated 

Table 4 The serum 25(OH)D level depending on the month of 
observation, ng/mL

The difference between the indices was evaluated using the Mann–Whitney 
test;* – significant differences (p < 0.05) compared to March; # – significant 
differences (p < 0.05) compared to October

Month n M ± SD Me [25Q-75Q]

January 524 33.9 ± 14.7 31.2 [23.9–42.1]*

February 646 31.7 ± 16.3 29.4 [19.0–41.8]#

March 633 29.3 ± 14.4 27.7 [18.8–37.6]#

April 475 30.3 ± 13.9 29.7 [19.9–39.1]#

May 578 30.8 ± 14.8 29.3 [19.9–39.7]#

June 685 31.3 ± 13.5 30.4 [21.4–39.6]#

July 558 32.3 ± 12.8 31.0 [23.7–39.8]

August 590 33.6 ± 13.9 31.8 [24.5–41.4]*

September 714 34.7 ± 13.6 33.6 [25.7–42.6]*

October 707 34.9 ± 15.2 33.6 [24.0–42.8]*

November 708 32.9 ± 14.5 31.1 [22.7–41.9]*

December 600 34.4 ± 15.2 31.8 [23.5–44.0]*

Fig. 1 Serum 25(OH)D level depending on the seasons and years of examination. Note. Data are presented in Median value; the difference 
between the indices was evaluated using the Mann–Whitney test; * – significant differences (p < 0.01) compared to the indices in 2022 (same 
season) was evaluated
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the increased VDD frequency in older age groups and the 
seasonal 25(OH)D variations. Later published Ukrain-
ian epidemiological study [14] with the participation 
of children and adults with musculoskeletal pathology 
confirmed the decreased shares of the VDD and the 
VDI (37.3 and 30.6%, respectively) in 2017 compared to 
the data from the previous research. The results of two 
other regional Ukrainian studies performed in Bukovyna 
and Subcarpathia [13] and Transcarpathia [15] also con-
firmed the high shares of the VDD and the VDI with sea-
sonal variation of 25(OH)D levels in children and adult 
populations. Despite the important finding, all these 
studies were performed before the COVID-19 pandemic, 
which increased interest in the vitamin D and its posi-
tive effects on human health that could have a significant 
effect on 25(OH)D levels and vitamin D supplementa-
tion. The data about the vitamin D status in Ukraine dur-
ing the last years are absent which became the reason for 
this study’s conduct.

Our study demonstrated higher serum levels of 
25(OH)D in 2016–2022 (32.6 ± 14.5  ng/mL in the 
total group) compared to all previous Ukrainian stud-
ies (34.49 ± 0.53  nmol/L (equal to 13.80  ng/mL) 
[12], 21.6 ± 7.2  ng/mL [13], 26.2 ± 11.9  ng/mL [14], 
22.67 ± 8.63  ng/mL [15], respectively) and the lowest 
share of VDD (19.9% in this study and 81.8% [12], 46.9% 
[13] and 37.4% [14] in the three other Ukrainian studies.

Previous Ukrainian studies revealed age-related fea-
tures of serum levels of 25(OH)D but their fluctuations 
differed. The first Ukrainian study [12] demonstrated a 
significantly higher 25(OH)D level in the subjects aged 
20–29 old, the study performed in Transcarpathia [15] 
confirmed the significantly higher 25(OH)D levels in 
children compared to adults with the highest level of 
VDD in the adults over 60 years. Our study also found a 
significant influence of age on the serum level of 25(OH)
D with the lowest index in the subjects aged 90–99 years 
old and the highest one in the age group 60–69 years old, 
but only in females.

Our data confirmed the pronounced seasonal varia-
tions in serum 25(OH)D levels depending on the sea-
son of blood sampling demonstrated in other Ukrainian 
studies [12–15]. It is well known that winter and spring 
are the seasons with lower vitamin D levels compared 
to the indices in summer and autumn. In our research, 
the highest overall median serum 25(OH)D level was 
found in autumn, and the lowest one was in spring. 
However, a comparison of mean month fluctuations of 
the serum 25(OH)D level revealed the highest levels of 
25(OH)D level in September and October in contrast 
to the results of our colleagues [14] which established 
the highest 25(OH)D concentration in August and 

September. The lowest 25(OH)D serum values were in 
February and March in the previous study [15] and in 
March in our research.

There are some reasons for the stark discrepancies in 
results between the performed studies. The first one is 
the method of 25(OH)D measurement. The first three 
Ukrainian studies [12–14] used the polyclonal Vitamin 
D assay (electrochemiluminescent method) on Elecsys 
2010 analyzer (RocheDiagnostics®, Germany). How-
ever, during the last years, Roche Diagnostics® with-
drew several lots of this assay due to a deterioration of 
conformity to the reference method for the reported 
results. Also, it was reported that polyclonal assays can 
lower the actual serum 25(OH) D levels [21]. In con-
trast to the previous studies, our colleagues and us [15] 
studied 25(OH)D levels using the Elecsys assay on ana-
lyzer Cobas® e411 (RocheDiagnostics®, German) with a 
newer generation kit for different analyzers.

The second reason for the established discrepancies is 
the year of observation and events that happened that 
year. Our analysis depending on the year of observation 
(2016–2022) confirms this hypothesis. The first Ukrain-
ian study [12] revealed the lowest 25(OH)D level among 
all performed studies. The other research demonstrated 
higher serum 25(OH)D concentration [14] and our 
study established the significant influence of the exami-
nation year on 25(OH)D level (H = 475.5; p < 0.0001) 
with the highest share of VDD in 2016 (33.7%), less 
share in 2018 (20.6%), 2020  year (10.9%) and the low-
est one in 2022 (9.3%). This increase during the last 
years can be related to the growing awareness about the 
VDD and the VDI in Ukraine and its positive skeletal 
and extraskeletal effects among both health profession-
als and patients. It is interesting that the 25(OH)D level 
in the total group in 2016 in our study (25.9  ng/mL) 
did not differ significantly from the results of our col-
leagues [14] published in 2017 (26.2 ng/mL) despite the 
use of different assays for the measurement of 25(OH)D 
level (Elecsys 2010 or Cobas® e411).

The important reason that can have influenced the 
growth of 25(OH)D level in the blood serum of the 
Ukrainians during the last years in Ukraine (2020–
2021) can be the COVID-19 pandemic and increased 
public attention of the positive effects of vitamin D, in 
particular, in the respiratory tract infection prevention 
[19, 20] and decrease of COVID-19 severity and con-
sequences [22]. Our results, possibly, can be explained 
by the increased consumption of vitamin D in prophy-
lactic doses in order to protect against the COVID-19 
infection and to prevent its severe course, especially 
in risk groups at the beginning of the pandemic. This 
hypothesis can confirm that the highest serum 25(OH)
D level in autumn 2020 can be related to more intense 
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vitamin D supplementation in the Ukrainian popula-
tion during the first fall after the COVID-19 pandemic.

The other important reason that may influence annual 
25(OH)D can be war in Ukraine which started with Rus-
sian aggression on 24.02.2022. We could not draw blood 
samples in March 2022 due to the impossibility to per-
form the investigation (repurposing of the Institute for 
other medical needs). Traditionally, this month demon-
strates one of the lowest serum 25(OH)D concentrations 
and this fact can influence our results in spring 2022. 
Also, the decreased level of vitamin D supplementa-
tion due to the war in Ukraine may influence the mean 
25(OH)D concentration in autumn 2022.

The comparison of our results with the data of neigh-
boring countries [23–27] showed a higher mean annual 
level of 25(OH)D compared to the data from Hungary 
[23], Poland [24], Romania [25, 26], and Slovakia [27]. 
However, these results were published in 2013–2017 and 
this fact can influence study results. Also, the population 
and the methods of vitamin D measurement can influ-
ence stark discrepancies in results.

In the study of Hungarian men [23], the mean 25(OH)
D level was 72.8 [11–185] nmol/L (equal to 29.12  ng/
mL), the highest serum 25(OH)D levels were found 
in late summer (compared to the early autumn in our 
study), and lowest levels in late winter (compared to the 
early spring in our study). However, the Hungarian study 
included only relatively healthy men over 50 years of age 
that did not provide data on age-specific vitamin D sta-
tus in the general population. Also, the authors measured 
plasma 25(OH)D level by high-pressure liquid chroma-
tography (HPLC) using the Jasco HPLC system (Jasco, 
Tokyo, Japan) and Bio-Rad reagent kit (Bio-Rad Labora-
tories, Hercules, CA, USA) that differ from our study and 
can influence on the results.

The study from Poland [24] demonstrated the mean 
level of 25(OH)D of 18.0 ± 9.6  ng/mL in5 adult volun-
teers aged 15.6–89.8  years, however, the authors also 
used another method of 25(OH)D measuring (the Liai-
son XL DiaSorin system: CLIA method; DiaSorin, Salug-
gia, Italy). This study revealed the lower 25(OH)D levels 
in men and younger persons, but the collection of blood 
samples was performed in months with low solar activity 
(in spring) which can influence study results.

A large study of the vitamin D status from Romania 
with the participation of subjects with normal bone min-
eral density) [25] showed similar to our results of sea-
sonal variations with the lowest 25(OH)D serum level in 
March and highest one in September. Since both levels in 
our study were higher than in the population of Roma-
nia, we can assume a more intensive intake of vitamin D 
in the Ukrainian population due to the COVID-19 pan-
demic. In the Romanian study, data from 2012 to 2016 

were analyzed. If we take into account the data in Ukraine 
before the COVID-19 pandemic (in 2016), obtained 
results will be similar. Therefore, the highest levels in the 
Ukrainian population were found in August and Septem-
ber, and the lowest one – in February and March (data 
not presented in the results).

In another study from Romania [26] with the partici-
pation of adults without hyperparathyroidism, hypopar-
athyroidism, or low bone mass the mean 25(OH)D level 
was also lower than our results. However, the study 
used another vitamin D method (Liaison XL analyzer, 
DiaSorin, Saluggia, Italy) and was also performed before 
COVID-19 pandemic that have influence for discrepan-
cies with our results.

The study performed in Slovakia [27] with participation 
of healthy medication-free volunteers and measurement 
of serum level of 25(OH)D3 in blood serum had shown 
that its mean level was higher than in our study. Only 
15% of the subjects had 25(OH)D3 deficiency, 26% had 
insufficiency, and 59% – satisfactory level (> 30  ng/mL) 
of 25(OH)D3. However, direct comparison of our results 
is impossible due to the different study method (RIA 
method (25(OH)D3, Immuno Diagnostic system, Boldon, 
UK in Slovak study) and type of 25(OH)D (25(OH)D3 in 
Slovak study and 25(OH)D total in our one).

Today, our study is the largest and most recently ana-
lyzed sample for studying VDD and VDI in Ukraine. As 
a result, we found that 19.5% of the subjects had VDD 
(25(OH)D level below 20  ng/mL), 27.3% had VDI (> 20 
to 30 ng/mL)) and 41.6% of the examined had an optimal 
vitamin D level (> 30–50 ng/mL). In addition, our study 
confirmed the pronounced significant seasonal variations 
in serum 25(OH)D demonstrated in early Ukrainian stud-
ies. Thus, the lowest level was found in spring (March), 
and the highest level at the beginning of autumn (Sep-
tember). Similar mean levels of 25(OH)D were obtained 
in countries located at the same latitude as Ukraine where 
a typically temperate climate with four seasons is found 
but only in pre-COVID pandemic years. The data during 
the COVID-19 pandemic in the neighboring populations 
are absent. A comparison of our results with the data of 
other Ukrainian studies performed previously demon-
strated the decreased share of the VDD and the VDI dur-
ing the last years that can reflect the greater vitamin D 
supplementation in the Ukrainian population due to the 
COVID-19 pandemic and increased knowledge about the 
positive vitamin D effect among the Ukrainians.

A limitation of this study was its design and sample 
(the vast majority of the study participants were from 
the central regions of Ukraine), although our institute 
provides consultative assistance to the subjects from all 
regions of the country. Additionally, our research did not 
evaluate the features of supplemental (duration, forms, 
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etc.) vitamin D intake in prophylactic doses in the stud-
ied population that can influence on study results.

Conclusion
The mean serum 25(OH)D level in Ukrainian adults aged 
from 20 to 99 years was 31.0 [22.3–41.1] ng/mL, the low-
est level was in the age group 90–99 years old. No gender 
differences in the serum level of 25(OH)D were found, 
except the 25(OH)D level in the women aged 60–69 years 
old who had higher parameters compared to men.

41.6% of the subjects had an optimal (30–50 ng/mL) 
vitamin D level, 27.3% had VDI, 19.5% had a VDD. The 
suboptimal and high serum concentration of 25(OH)D 
(> 50–100 ng/mL) had 11.4% of the persons, 0.2% had 
potentially toxic 25(OH)D concentrations (> 100  ng/
mL).

We established the increase of serum 25(OH)D from 
2016 to 2021 with the highest values in 2020–2022. Sea-
sonal 25(OH)D levels variations revealed the highest 
serum 25(OH)D levels in autumn (33.0 [24.0–42.4] ng/
mL) and the lowest one in spring (28.5 [19.7–38.7] ng/
mL), with the highest 25(OH)D level in September and 
the lowest ones in March.

The comparative analysis with the data from previ-
ous Ukrainian studies has demonstrated the decrease 
shares of VDD and VDI in 2020–2022 while preserv-
ing their age and seasonal characteristics, which may 
be associated with an increased awareness of the 
global vitamin D deficiency, its positive skeletal and 
extraskeletal impact in recent years, as well as more 
intensive vitamin D supplementation due to COVID-19 
pandemic.
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