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Abstract

Background and Objectives: Vitamin D deficiency is a pervasive public health issue in high-
latitude regions, yet large-scale population data for the Baltic states remain sparse. This
study aimed to determine the prevalence of vitamin D status and identify its primary
determinants within a primary care setting in Lithuania. Materials and Methods: We con-
ducted a retrospective cross-sectional analysis of serum 25-hydroxyvitamin D [25(OH)D]
concentrations from 14,330 unique patients (aged 1–101 years) collected during 2025 at
a major clinic in Vilnius. Vitamin D status was categorized according to the Central and
Eastern European Expert Consensus thresholds. Results: The overall median 25(OH)D
concentration was 68.3 nmol/L, placing it in the “insufficiency” range (50–75 nmol/L).
Seasonality emerged as the most significant predictor of deficiency; multivariable logistic
regression showed a maximal risk reduction in September (OR 0.33; 95% CI: 0.27–0.41)
and August (OR 0.34) compared to January, while June and November provided no sig-
nificant protection. Age-specific analysis revealed a non-linear “U-shaped” distribution:
children aged 0–6 years had the highest levels (median ~87–91 nmol/L), likely due to
rickets prophylaxis, whereas adolescents (12–18 years) exhibited the highest vulnerability,
with approximately 80% suffering from deficiency or insufficiency. Males faced a 13.9%
higher likelihood of deficiency than females (OR 1.14; p = 0.0036), potentially due to lower
rates of elective supplementation. Conclusions: These findings suggest that current sup-
plementation strategies successfully protect infants but fail to sustain adequacy through
adolescence and adulthood, particularly during the “vitamin D winter.” Targeted pub-
lic health interventions for adolescents and year-round monitoring are recommended to
mitigate the high prevalence of suboptimal vitamin D status in Lithuania.

Keywords: vitamin D; vitamin D deficiency; seasons; age factors; sex factors; Lithuania;
cross-sectional studies; public health surveillance

1. Introduction
Vitamin D deficiency represents a major global public health concern, affecting an

estimated one billion individuals worldwide across all age groups, geographic regions,
and socioeconomic backgrounds [1,2]. Notably, this burden is not limited to regions
with low sun exposure. Systematic reviews have demonstrated that deficiency remains
prevalent even in countries with year-round sunlight [2]. Vitamin D is primarily linked to
calcium and phosphorus metabolism and bone health. Moreover, the clinical significance of
vitamin D extends beyond skeletal health. Studies have demonstrated associations between
low vitamin D status and increased risk of several chronic conditions, including certain
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cancers, type 2 diabetes, cardiovascular disease, and autoimmune disorders [3–5]. There
remains debate in the recent literature regarding which 25(OH)D concentrations should
define deficiency and sufficiency. According to the latest Endocrine Society guidelines,
published in 2024, healthy adults younger than 75 years require no routine screening for
25(OH)D in the general population and empiric vitamin D supplementation [6]. In contrast,
the Institute of Medicine considers the minimal 25(OH)D concentration of 50 nmol/L as
physiologically adequate for at least 97.5% of the population [7]. Although prior regional
data heavily rely on these historical reference limits [8,9], our study adopted the Central and
Eastern European consensus thresholds. These guidelines were specifically developed for
populations sharing Lithuania’s geographic, climatic, and nutritional characteristics [9,10].

Within Europe, the prevalence of vitamin D deficiency remains high and exhibits
marked geographical heterogeneity [11,12]. Paradoxically, Northern European countries
such as Finland, Sweden, and Norway often report higher population 25(OH)D concentra-
tions compared to Central and Eastern European countries, where vitamin D deficiency
is considerably more prevalent [12–14]. Lithuania, situated at approximately 54–56◦ N
latitude, falls into a zone where cutaneous synthesis of vitamin D via ultraviolet B (UVB)
radiation is physiologically limited from October through March, restricting endogenous
production to a narrow seasonal window [11]. Combined with limited dietary vitamin D
sources, low habitual consumption of oily fish, and the absence of a mandatory vitamin
D food fortification policy, endogenous and exogenous vitamin D supply in Lithuania re-
mains insufficient for most of the year [15,16]. Furthermore, lifestyle factors common across
European populations at similar latitudes, including predominantly indoor occupational
activities, reduced time spent outdoors during the cold season, and limited deliberate sun
exposure even in summer, may further contribute to the risk of vitamin D deficiency in the
Lithuanian population [17].

Despite the recognized public health significance of vitamin D deficiency, population-
level data on 25(OH)D concentrations in Lithuania remain limited. The largest population-
based study to date was conducted by Bleizgys and Kurovskij in 2018, including 9581 sub-
jects, and demonstrated a high overall prevalence of vitamin D deficiency (67%). In contrast,
a high prevalence of vitamin D hypervitaminosis was observed among young children [10].
The largest study investigating a pediatric population was performed by Butkute et al.,
who analyzed 2008 samples from the Children’s Hospital, and reported that 51.3% of the
study population were vitamin D deficient [18]. Other existing studies have focused on
specific subgroups. Strazdiene et al. examined elderly individuals and found that 72.2%
of women and 65.6% of men were vitamin D deficient [19]. Smaller Lithuanian studies
targeting specific subgroups—such as military conscripts [20], female school graduates [21],
young males [22], and patients with rheumatoid arthritis [23]—similarly report a high
baseline prevalence of suboptimal vitamin D levels.

We aimed to, firstly, determine the prevalence of suboptimal vitamin D status within a
primary care cohort; secondly, evaluate the independent and combined effects of age, sex,
and season on serum 25(OH)D concentrations using multivariable regression; and thirdly,
compare our findings with previously published Lithuanian data over the past decade.

2. Materials and Methods
2.1. Study Design and Setting

We conducted a retrospective cross-sectional study analyzing serum 25-hydroxyvitamin D
[25(OH)D] concentrations in a primary care setting in Lithuania. Anonymized data were re-
trieved from the laboratory information system of Karoliniskiu Clinic in Vilnius, Lithuania.
To ensure the representation of the baseline population health status, we analyzed historical
laboratory data collected over a period from 2 January 2025 to 21 December 2025. The study
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adhered to the principles of the Declaration of Helsinki and followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines.

The serum concentration of total 25-hydroxyvitamin D was determined using a two-
step competitive binding immunoenzymatic assay (paramagnetic particle, chemilumines-
cent immunoassay). All the analyses were performed on the UniCel DxI Immunoassay
System (Beckman Coulter, Inc., Brea, CA, USA), utilizing sheep monoclonal anti-25(OH)
vitamin D antibodies and a vitamin D analog–alkaline phosphatase conjugate to achieve
high analytical sensitivity and specificity.

2.2. Study Participants and Sampling

The initial dataset contained 15,421 laboratory entries. To avoid selection bias intro-
duced by repeated measurements (e.g., follow-up tests after prescribed supplementation),
we applied a strict data deduplication protocol. Unique patients were identified using a
combination of birth date, gender, and the referring physician ID. Only the first chronologi-
cally recorded test (baseline measurement) for each unique individual was included in the
final analysis. Subsequent tests for the same patient were excluded to reflect the natural
prevalence of vitamin D status before intervention.

The final study sample consisted of 14,330 unique subjects, ranging in age from infancy
to centenarians. No exclusions were made based on comorbidities or clinical department.

2.3. Variables and Measurements

In the absence of specific national guidelines for vitamin D reference ranges in Lithua-
nia, we adopted the classification criteria proposed by the Central and Eastern European
Expert Consensus Statement (2022). This consensus, developed by a panel of experts
from the region (including Poland, Latvia, and Estonia), aligns with major international
epidemiological studies [9]. Specifically, we utilized the consensus-endorsed threshold
of <30 nmol/L for deficiency and >75 nmol/L for sufficiency to ensure our findings are
comparable. Based on this clinical data, vitamin D status was classified into the follow-
ing categories:

• Severe Deficiency: <30 nmol/L.
• Deficiency: 30–50 nmol/L.
• Insufficiency: 50–75 nmol/L.
• Sufficiency (Optimal): 75–125 nmol/L.
• Hypervitaminosis: 125–374 nmol/L.
• Toxicity Risk: >374 nmol/L.

2.4. Data Analysis

Statistical analysis and data visualization were performed using the R Statistical Soft-
ware (v4.x, R Foundation for Statistical Computing) within the RStudio (V. 2024.12.1+563)
environment. The tidyverse and ggplot2 packages were utilized for data manipulation and
graphical representation.

Descriptive Statistics: Normality of the data distribution was assessed visually using
histograms, kernel density estimation (KDE) plots, and Q-Q plots, as well as statistically us-
ing the Shapiro–Wilk test. Since the distribution of 25(OH)D levels showed a positive skew
(right-tailed), continuous variables are reported strictly as medians with interquartile ranges
(IQR). Categorical variables are presented as absolute numbers (n) and percentages (%).

Comparative Analysis: To compare the 25(OH)D levels between two independent
groups (e.g., males vs. females), the non-parametric Mann–Whitney U test was applied.
For comparisons across multiple age groups, the Kruskal–Wallis H test was used, followed
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by pairwise post hoc analysis. The Chi-square (χ2) test was employed to compare the
frequency of clinical deficiency categories between groups.

Regression Analysis: To identify predictors of vitamin D deficiency (<50 nmol/L), we
performed binary logistic regression. A multivariate logistic regression model was fitted to
calculate adjusted Odds Ratios (aORs) with 95% Confidence Intervals (CIs), estimating the
independent risk associated with male gender and specific age groups.

A p-value of <0.05 was considered statistically significant for all the tests.

2.5. Ethical Considerations

This study utilized fully anonymized, retrospective laboratory data retrieved from
the clinic’s database. In accordance with the Law on Ethics of Biomedical Research of
the Republic of Lithuania and GDPR Recital 26, projects that process exclusively and irre-
versibly anonymized retrospective data—where all direct and indirect personal identifiers
are removed and individual identification is permanently impossible—do not fall under
the legal definition of biomedical research on human subjects. Because no human subjects
were directly involved, exposed to interventions, or identifiable, mandatory Institutional
Review Board (IRB) or Lithuanian Bioethics Committee approval was not legally required
for this retrospective analysis. The study was conducted in strict adherence to the Ethical
Principles of Non-Biomedical Research Involving Human Health, ensuring absolute data
protection and identity de-identification.

3. Results
3.1. Descriptive Statistics

A total of 14,330 unique subjects were retained in the final analysis following the
exclusion of duplicates. The study population spanned a broad demographic spectrum
(Table 1), ranging from 1 to 101 years of age. The median age of the study population was
37.0 years (IQR: 30.0; Mean: 38.8 years). Formal normality testing and kernel density esti-
mation (KDE) demonstrated that the overall age distribution was non-Gaussian. While the
female cohort displayed a broader, more unimodal distribution, the male cohort exhibited
a distinct bimodal pattern confirmed by KDE, with a primary peak in early childhood
(ages 0–6 years) and a secondary peak in young adulthood (ages 20–35 years).

Table 1. Demographic characteristics and serum 25(OH)D concentrations of the study population.

Total Cohort (n = 14,330) Female Cohort (n = 10,359) Male Cohort (n = 3971)

Sample Size, n (%) 14,330 (100.0%) 10,359 (72.3%) 3971 (27.7%)
Age (Years)
Median (IQR) 37.0 (30.0) 39.1 (29.9) 31.0 (31.7)
95% CI 38.4–39.1 42.1–42.9 28.4–29.8
Range (Min–Max) 1.0–101.0 1.0–102.0 1.0–97.2
Serum 25(OH)D (nmol/L)
Median (IQR) 68.3 (37.0) 68.9 (34.0) 66.9 (37.8)
95% CI 74.0–75.2 74.2–75.5 72.9–75.3
Range (Min–Max) 2.3–500.7 2.3–500.7 2.5–498.2

The analysis of serum 25(OH)D concentrations confirmed a non-normal distribution
(Figure 1), showing a significant right-tailed positive skew (Kolmogorov–Smirnov test
statistic D = 0.12, p < 0.001; Shapiro–Wilk test statistic W = 0.89, p < 0.001).

3.2. 25(OH)D Distribution by Age

Regarding gender composition (Table 1), the study population was predominantly
female (72.3%, n = 10,359), while males accounted for 27.7% (n = 3971) of the participants.
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Figure 1. Distribution of serum 25(OH)D levels in the study population.

The age distribution differed significantly by gender (Table 1), with females gen-
erally being older. The median age for females was 39.1 years (IQR: 28.0–57.9), com-
pared to 31.0 years (IQR: 11.3–43.0) for males. The female cohort spanned from 1.0 to
102.0 years, showing a broader distribution in older age brackets. In contrast, the male
cohort (range: 1.0 to 97.2 years) was more heavily concentrated in younger demographics
(Figure 2).

Figure 2. Population pyramid illustrating the demographic structure of the study cohort by age
and gender.
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Data collection was distributed relatively evenly (Table 2) throughout the year, with
peak activity observed in May (9.8%) and April (9.6%), while the lowest volume of tests
was recorded in December (6.4%).

Table 2. Monthly distribution of vitamin D testing.

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Count (n) 1212 1174 1225 1373 1399 1143 1231 1085 1188 1255 1131 914 14,330
Percentage (%) 8.5% 8.2% 8.5% 9.6% 9.8% 8.0% 8.6% 7.6% 8.3% 8.8% 7.9% 6.4% 100.0%

The biggest changes in the 25(OH)D levels were recorded in patients under the age of
18. This is why a more precise analysis of this group was conducted. The pediatric analysis
(Table 3) demonstrated a strong inverse relationship between age and the 25(OH)D serum
levels. The highest concentrations were recorded in the 0–3 years group, where both females
(median: 90.6 nmol/L) and males (median: 90.7 nmol/L) exhibited the highest baseline
status. Conversely, the lowest concentrations were found in the 12–15 and 15–18 years
cohorts, with the female median levels dropping to 53.0 nmol/L and 53.8 nmol/L, respec-
tively. While the 25(OH)D levels remained comparable between genders in early childhood,
a divergence became apparent in the 9–12 years group, where males maintained a higher
median (72.4 nmol/L) compared to females (63.3 nmol/L; p < 0.01). Overall, the median
values showed a consistent decline from over 90 nmol/L in toddlers to approximately
53–57 nmol/L in adolescents (Figure 3).

Table 3. Serum 25(OH)D concentrations stratified by gender.

Gender n Median SD 95% CI

Female 10,359 68.9 34.0 74.2–75.5
Male 3970 66.9 37.8 72.9–75.3

 
Figure 3. 25(OH)D serum levels (nmol/L) across pediatric age groups and gender.

The categorical analysis (Figure 4) reveals a significant shift in vitamin D status as chil-
dren age, transitioning from a high prevalence of sufficiency and hypervitaminosis in early
childhood to widespread deficiency in adolescence. In the 0–3 years group, 51.0% of the
children achieved sufficiency, while a notable 20.9% showed hypervitaminosis. Similarly,
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the 3–6 years group maintained high levels, with 20.5% showing hypervitaminosis. How-
ever, as age increased, the proportion of children with adequate levels decreased sharply.
By the 12–15 and 15–18 years age groups, deficiency (less than 50 nmol/L) and insufficiency
(50–75 nmol/L) became the dominant clinical states, together affecting approximately 80%
of those cohorts. Specifically, deficiency reached its peak in the 15–18 years group at 38.4%,
while the hypervitaminosis group fell to just 3.0% in the same age bracket. Cases with
a risk of toxicity (>375 nmol/L) remained extremely rare across all the pediatric groups,
occurring in 0.5% or less of the study population.

Figure 4. Distribution of vitamin D status from deficiency to hypervitaminosis across pediatric
age groups.

3.3. 25(OH)D Distribution by Gender

The analysis of vitamin D status revealed a high level of consistency between genders,
although the female participants exhibited slightly higher central values (Table 3). The
median 25(OH)D concentration for females was 68.9 nmol/L and 66.9 nmol/L for males.
Both medians fall within the “insufficiency” range (50–75 nmol/L) as defined by the Central
and Eastern European Expert Consensus.

The median values for females (68.9 nmol/L) and males (66.9 nmol/L) are numerically
close. Males exhibited a wider interquartile range (IQR = 37.8 nmol/L) compared to females
(IQR = 34.0 nmol/L), suggesting a broader spread of results and a higher frequency of
extreme values within the male cohort.

In both groups, the mean is significantly higher than the median (a difference of
6.0 nmol/L for females and 7.2 nmol/L for males), confirming a right-skewed distribution
driven by outliers with high 25(OH)D concentrations.

3.4. Vitamin D Distribution by Seasonality and Age

The study population of 14,330 participants was stratified into eight distinct cohorts
(Figure 5) based on gender and age quartiles (F1–F4 and M1–M4). Age divisions were
established using the population’s interquartile range: Q1 included individuals up to
24 years, Q2 and Q3 spanned from 24 to 54 years, and Q4 represented those above 54 years.

https://doi.org/10.3390/medicina62061172
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Figure 5. Comparative analysis of median vitamin D distribution by gender and quantile. Values rep-
resent monthly medians, where F and M represent females and males, respectively, and 1–4 represent
age quartiles.

Seasonal vitamin D dynamics follow a distinct biphasic pattern (Figure 5). The primary
peak occurs across all groups during August and September, reaching maximum median
concentrations in the M1 (90.1 nmol/L) and F4 (87.4 nmol/L) cohorts. A secondary, less
pronounced peak is observed in mid-spring (April), followed by a transient decline in May
and June.

Troughs are most evident during the winter months and the start of summer. Middle-
age groups (M2 and M3) show the most significant fluctuations, with medians dropping to
60.0–60.4 nmol/L in June. While older cohorts and youngest males (F4 and M1) maintain
higher baselines, they follow the same trend: an April rise, a June dip, and a definitive
annual peak in late summer.

Conversely, the lowest median concentrations were recorded in the young adult cohort
(Q2), which presented a median of 65.9 nmol/L (p < 0.001). These results indicate a non-
linear distribution where serum 25(OH)-vit D levels are highest in the youngest segment
(reaching a median of 90.6 nmol/L) and the oldest population segments (stabilizing at a
median 73.1 nmol/L), while reaching their nadir in the adolescent and young adult groups,
dropping to a median of approximately 60.1 nmol/L for females and 74.1 nmol/L for males
(Figure 6).

3.5. Multivariable Predictors and Odds Ratios of Vitamin D Deficiency

To validate the primary analysis, a multivariable logistic regression model was devel-
oped. The model (Table 4) identified age, gender, and seasonality as significant predictors
of vitamin D deficiency. Gender emerged as a notable risk factor, with males exhibiting a
13.9% higher likelihood (OR 1.140; p = 0.0036) of falling into the deficiency range compared
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to females. Age showed a statistically significant but negligible protective effect (OR 0.997;
p < 0.001).

Figure 6. Serum 25(OH)D median values across population.

Table 4. Multivariate logistic regression analysis of factors associated with vitamin D deficiency.

Factor Odds Ratio (OR) 95% CI Risk Change (%) p-Value

Age (per year) 0.997 0.995–0.998 −0.3% <0.001
Male 1.140 1.040–1.240 +13.9% 0.0036

January 1.00 Reference 0.0% -
February 0.752 0.625–0.905 −24.8% 0.0025

March 0.772 0.643–0.925 −22.8% 0.0052
April 0.617 0.514–0.740 −38.3% <0.001
May 0.730 0.612–0.870 −27.0% <0.001
June 0.954 0.798–1.140 −4.6% 0.6013
July 0.540 0.447–0.652 −46.0% <0.001

August 0.341 0.275–0.422 −65.9% <0.001
September 0.330 0.267–0.405 −67.0% <0.001

October 0.707 0.592–0.844 −29.3% <0.001
November 0.925 0.777–1.100 −7.5% 0.3832
December 0.821 0.681–0.989 −17.9% 0.0387

Seasonality exerted the most substantial impact on risk levels. September and August
provided the highest protective effect (Table 4), reducing risk by 67% and 65.9% respec-
tively. A secondary period of significant risk reduction occurred in July (−46%) and April
(−38.3%). In contrast, months such as June and November showed no statistically sig-
nificant change in risk. The data confirms that while biological factors like gender are
influential, the magnitude of risk is predominantly driven by seasonal variation.

4. Discussion
4.1. Vitamin D Status Across Age Groups

To our knowledge, our study represents the largest population-based assessment of
vitamin D status conducted in Lithuania. In this study, the overall median serum 25(OH)D
concentration was 68.3 nmol/L, placing the average within the “insufficiency” range
(50–75 nmol/L) and confirming a widespread suboptimal vitamin D status in Lithuania.
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https://doi.org/10.3390/medicina62061172


Medicina 2026, 62, 1172 10 of 15

The 25(OH)D concentrations varied substantially across age groups, with the highest me-
dian levels observed in the youngest and oldest groups, and the lowest in adolescents aged
15–18 years. Age is a well-established determinant of vitamin D status, and the European
Calcified Tissue Society has identified young children, adolescents, and older adults as key
risk groups [14]. In a pooled analysis of standardized data from over 55,000 Europeans
spanning all age groups, Cashman et al. reported an overall prevalence of vitamin D
deficiency (<30 nmol/L) of 13%, with considerable variation by age group and latitude [12].
However, direct comparison of age-stratified data across studies is complicated by substan-
tial heterogeneity in age group classification. For instance, in Lithuanian studies Bleizgys
and Kurovskij employed broad decade-wide groupings, Butkute et al. divided children
only into those under and over 2 years, while European studies used varying pediatric
categories, for example, 0–1, 2–5, 6–10, 11–15, 16–20, 21–30, 31–40, etc., years in the Czech co-
hort, 0–1, 1–6, 7–12, 13–18 years in the Belgian cohort [10,18,24,25]. Similarly, definitions for
adult and elderly cohorts ranged from >50 to >70 years across different studies [10,26–29].
Despite these methodological differences, the literature consistently points to two vulner-
able age periods: young children, who tend to have the highest concentrations largely
driven by supplementation practices, and adolescents, who show the steepest rise in defi-
ciency prevalence. Among older adults, the findings are more heterogeneous, with some
studies reporting increasing concentrations with age in supplement-using populations [26],
while others document high deficiency rates in the institutionalized elderly [19,26,29]. We
examined these patterns below in two subgroups: children and older adults, where the
clinical implications are most pronounced.

4.1.1. Vitamin D Status in Pediatric Age Groups

Our study revealed that the highest 25(OH)D median concentrations occurred in the
0–3 years age group, where both females (90.6 nmol/L) and males (90.7 nmol/L) exhibited
the highest status. A similar pattern was observed in the 3–6 years age group, with median
concentrations of 87.6 nmol/L for females and 86.6 nmol/L for males. Our findings echo
those of Bleizgys and Kurovskij, who noted that young children under nine had the highest
25(OH)D levels [10], and Butkute et al., who explored optimal thresholds in Lithuanian
pediatric cohorts [18]. While young children face a higher probability of hypervitaminosis,
absolute hypervitaminosis remains extremely rare [10,18]. This localized trend toward
higher baseline levels in early childhood is linked to established national policies for routine
infant rickets prophylaxis [30,31], although individual adherence to these guidelines could
not be verified in our data.

Data from other European cohorts (Ukraine, the Czech Republic, Belgium, and Roma-
nia) consistently mirror this pattern: infants and toddlers up to age six are at the lowest
risk for clinical deficiency [24,25,32,33], with hypervitaminosis occurring only in isolated,
exceptional cases [25,32–34].

Conversely, pediatric vitamin D deficiency rates increase with age, demonstrating a
prominent vulnerability during adolescence [10,25,32–34]. This progressive decline across
regional and international cohorts is associated with the cessation of routine supplementa-
tion after infancy, paired with a general reduction in parental lifestyle oversight [10,25,33,34].
Beyond supplementation, pan-European multi-country data confirm that time spent out-
doors, dietary choices, and ambient UVB radiation remain critical modifiable determinants
of baseline pediatric vitamin D adequacy [17].

4.1.2. Vitamin D Status in Older Adults

In our cohort, the oldest age group exhibited the highest baseline 25(OH)D levels.
This contrasts with other Lithuanian data, such as the study by Strazdiene et al., where
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the lowest levels and severe deficiency were concentrated among elderly individuals aged
80 and older [19]. It also deviates from the modest trend toward declining concentrations
with advancing age reported by Bleizgys and Kurovskij [10]. International data present
a highly varied picture due to varying cutoff values across cohorts. While some findings,
like the Dutch study by Verbakel et al., align with our observation of increasing vitamin D
status in older demographics [26], cohorts in Great Britain, Ireland, and Austria document
widespread insufficiency and deficiency in older and institutionalized populations [27–29].
Multivariable risk factor evaluations across European cohorts confirm that this demo-
graphic variance is deeply multifactorial. Key negative determinants of 25(OH)D levels
in older adults include seasonal winter depletion, institutionalization, advanced old age,
higher BMI, physical inactivity, and smoking [26,28,35]. Conversely, higher continuous lev-
els are driven by targeted over-the-counter supplement use, fish oil consumption, frequent
oily fish intake, and higher cumulative UVB radiation exposure [26,28,35].

It should be noted that the apparent trend toward higher continuous 25(OH)D levels
in the oldest cohort (Q4) is partially driven by the right-skewed nature of the data and the
presence of high-dose supplementation outliers within that specific demographic, whereas
the overall risk of clinical deficiency tracking below the 50 nmol/L threshold remains high
as demonstrated by the regression model.

4.2. Sex Differences in Vitamin D Status

In our cohort, females exhibited a modestly higher median 25(OH)D concentration,
with male sex associated with a 13.9% higher likelihood of clinical deficiency (OR 1.140;
p = 0.0036). This contrasts with a previous Lithuanian population-based cohort where men
demonstrated significantly higher baseline concentrations than women [10].

Our findings also show divergent patterns when compared to broader European
literature. While some national surveys in Germany, Finland, and Ukraine observed no
statistically significant sex differences among adult populations [32,36,37], cohorts in the
Netherlands documented higher mean 25(OH)D concentrations among males [26]. Con-
versely, and consistent with our regression model, a high-volume Czech study reported
a significant negative association between male sex and circulating 25(OH)D concentra-
tions [24], while Ukrainian adolescent data similarly identified higher deficiency rates in
young males [32].

This gender-based divergence between continuous trends and binary regression risk
highlights how right-skewed data can mask baseline vulnerabilities. The elevated levels
in young male pediatric cohorts pull the continuous data trends upward, whereas the
multivariable regression model evaluates the probability of dropping below the clinical
threshold of 50 nmol/L, where adult males exhibit a higher risk.

Several factors explain this discrepancy. First, differential supplementation behavior is
influential: women are more engaged in preventive health and exhibit significantly higher
odds of regular vitamin D use compared to males [34]. Second, the marked sex imbalance
in our sample (72.3% female vs. 27.7% male) may introduce selection and indication
bias, as women are more likely to undergo routine biochemical testing. Third, residual
confounding from sex-specific differences in BMI, adiposity distribution, lifestyle habits,
and occupational sun exposure further influence circulating 25(OH)D concentrations.

Furthermore, the marked demographic asymmetry in our sample, characterized by a
higher proportion of older females compared to older males, could potentially confound
a crude comparison of baseline 25(OH)D levels between genders. Because older individ-
uals in this setting frequently exhibit higher continuous concentrations due to targeted
supplementation, this age distribution imbalance could artificially skew unadjusted gender
metrics. However, our reliance on a multivariable logistic regression model mitigates this
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confounding effect by adjusting for age and gender simultaneously, thereby confirming
that male gender remains an independent risk factor for clinical deficiency.

Hormonal factors also contribute, as exogenous estrogen exposure from oral contra-
ceptives has been shown to modulate vitamin D metabolism and elevate median 25(OH)D
concentrations [37]. Collectively, these elements indicate that the observed sex differences
are highly multifactorial and context-dependent rather than purely biological.

4.3. Seasonal Variation

Lithuania is situated within the high-latitude “vitamin D winter” zone, where UVB
radiation is insufficient [11]. Pan-European pooled data confirm a clear seasonal divide
in vitamin D status, with deficiency rates doubling in winter compared to summer [12].
Prior Lithuanian data are highly consistent, tracking an annual nadir in January–April and
a peak in August–September [10]. In local pediatric cohorts, this seasonal dependency
emerges rapidly once routine infant supplementation ceases after age two, presenting as a
significant spring drop [18].

Our results are broadly consistent with these findings, tracking a primary peak in late
summer across all demographics and a secondary hypervitaminosis in April, followed by
a transient May–June decline. This mirrors the post-winter transitional dip seen in older
Lithuanian children before sustained summer UVB synthesis fully commences [18].

Specific meteorological anomalies during the 2025 study period may have further mod-
ulated these seasonal dynamics. Localized data from the Lithuanian Hydrometeorological
Service indicate that April was the sunniest month of the year, while winter and summer
recorded fewer sunshine hours than normal [38]. This unusually sunny spring favored
earlier cutaneous synthesis across high-latitude boundaries [11], whereas below-average
summer sunshine explains the unexpected June dip, particularly in middle-aged working
cohorts. The complete lack of statistical risk reduction in June and November further
highlights the limits of the narrow regional UVB window [11].

This profound seasonal instability is consistently demonstrated across broader Euro-
pean literature. Longitudinal, cohort, and regional studies in the Netherlands, Slovenia,
Central Europe, the Czech Republic, and Belgium confirm severe late-winter depletions and
a high reliance on seasonal sun exposure or targeted supplementation to prevent structural
drop-offs [12,24–26,39,40].

5. Conclusions
In this retrospective cross-sectional study of 14,330 individuals—the largest clinic-

based assessment of 25(OH)D status in Lithuania to date—the overall median serum
25(OH)D concentration was 68.3 nmol/L, falling within the insufficiency range by Central
and Eastern European consensus criteria.

Seasonality was the strongest determinant of deficiency risk, with August–September
associated with up to 67% reduced odds compared to January, while June and November
showed no significant protective effect—underscoring that even nominally warm months
do not reliably support adequate vitamin D synthesis at Lithuanian latitudes. Male sex
was independently associated with modestly higher odds of deficiency (OR 1.14; p = 0.004),
potentially reflecting differences in supplementation behavior rather than biology alone.
Age effects were non-linear: children aged 0–6 years exhibited the highest concentrations,
likely attributable to infant supplementation policies, while adolescents aged 12–18 years
had the poorest status, with deficiency and insufficiency affecting approximately 80% of
this group.

These findings highlight adolescents as a priority population for targeted supplemen-
tation interventions beyond early childhood and support the rationale for routine October–
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March supplementation strategies within this and similar ambulatory cohorts in Vilnius.
As the data originate from a single primary care center, these patterns specifically reflect
the studied clinic population and should not be assumed to represent nationwide metrics.
Future prospective, multi-center, nationally representative studies incorporating data on
supplementation use, BMI, dietary intake, and sun exposure are warranted to further clarify
the contributions of these modifiable factors across the broader Lithuanian population.

Limitations of the Study

Several limitations of this study should be noted. First, the retrospective cross-sectional
design means we can only show associations, not prove cause and effect. Second, our
data did not include information on lifestyle factors that influence vitamin D, such as
diet, Body Mass Index (BMI), skin type, or the specific amount of time spent in the sun.
Third, because we used laboratory records, we could not track whether the participants
were taking over-the-counter vitamin D supplements before their blood test. While we
removed duplicate tests to focus on baseline levels, some patients might have already
started supplementing, which could skew the results. Fourth, since the data comes from a
single clinic in Vilnius, the findings may not represent the entire country or people living in
rural areas. Finally, because the study covers only one year, we cannot account for weather
changes between different years that might affect sun exposure.

Finally, while our large sample size provided high statistical power, the available
database lacked the clinical covariates required for complex non-linear spline modeling or
advanced interaction testing, meaning that residual confounding between age, sex, and
seasonal synthesis cannot be entirely ruled out.
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18. Butkutė, E.; Gailiūtė, I.; Drapeko, N.; Grikinienė, J. Analysis of Vitamin D Levels in Blood Serum in Children. Vitam. Min. 2017,
6, 158. [CrossRef]

19. Strazdiene, V. Associations Between Vitamin D, Bone Mineral Density and Physical Performance in the Elderly, and Relation-
ship of VDR Gene Bsmi Polymorphism with Severe Postmenopausal Osteoporosis. Ph.D. Thesis, Vilnius University, Vilnius,
Lithuania, 2013.

20. Gailyte, I. Associations Between Vitamin D Concentration, Body Composition, Endocrine and Psychological State and Life
Quality in Young Healthy Men. Ph.D. Thesis, Lithuanian University of Health Sciences, Kaunas, Lithuania, 2013.

21. Zabuliene, L.; Urboniene, J.; Skendelyte, G.; Barakauskas, S. Vitamin D Deficiency in Lithuanian School Graduates Females.
Endocr. Abstr. 2013, 32, 140. [CrossRef]

22. Bleizgys, A. Associations Between Seasonal Changes in Serum Levels of Vitamin D and Soluble Endothelial Cell Adhesion
Molecules in Young Men. Ph.D. Thesis, Vilnius University, Vilnius, Lithuania, 2014.

https://doi.org/10.3390/medicina62061172

https://doi.org/10.1016/j.jsbmb.2013.11.003
https://doi.org/10.1016/j.metabol.2025.156484
https://doi.org/10.3390/metabo15040264
https://doi.org/10.1007/s13668-026-00748-2
https://www.ncbi.nlm.nih.gov/pubmed/41849024
https://doi.org/10.1210/clinem/dgae290
https://doi.org/10.1210/jc.2010-2704
https://doi.org/10.3390/nu15030695
https://www.ncbi.nlm.nih.gov/pubmed/36771403
https://doi.org/10.3390/nu14071483
https://www.ncbi.nlm.nih.gov/pubmed/35406098
https://doi.org/10.3390/medicina54020025
https://doi.org/10.3390/nu14235189
https://doi.org/10.3945/ajcn.115.120873
https://doi.org/10.1017/S0007114521005080
https://doi.org/10.1530/EJE-18-0736
https://www.ncbi.nlm.nih.gov/pubmed/30721133
https://doi.org/10.1007/s10654-022-00867-4
https://www.ncbi.nlm.nih.gov/pubmed/35524028
https://doi.org/10.1038/s41430-021-00985-4
https://www.ncbi.nlm.nih.gov/pubmed/34302130
https://doi.org/10.4172/2376-1318.1000158
https://doi.org/10.1530/endoabs.32.P140
https://doi.org/10.3390/medicina62061172


Medicina 2026, 62, 1172 15 of 15

23. Punceviciene, E.; Gaizevska, J.; Sabaliauskaite, R.; Venceviciene, L.; Puriene, A.; Vitkus, D.; Jarmalaite, S.; Butrimiene, I. Vitamin
D and VDR Gene Polymorphisms’ Association with Rheumatoid Arthritis in Lithuanian Population. Medicina 2021, 57, 346.
[CrossRef]

24. Holmannova, D.; Borsky, P.; Kremlacek, J.; Krejsek, J.; Hodacova, L.; Cizkova, A.; Fiala, Z.; Borska, L. High Prevalence of Low
Vitamin D Status in the Czech Republic: A Retrospective Study of 119,925 Participants. Eur. J. Clin. Nutr. 2025, 79, 641–652.
[CrossRef]

25. Van De Walle, L.; Vandenplas, Y.; Toelen, J.; Raaijmakers, A. Vitamin D Status in Belgian Children: A Regional Study. Nutrients
2024, 16, 657. [CrossRef]

26. Verbakel, M.R.; Verkaik-Kloosterman, J.; Dinnissen, C.S.; Koopman, N.; Ocké, M.C.; de Jong, M.H. Vitamin D Status of Adults in
the North of the Netherlands: Cross-Sectional Results from the Lifelines Cohort Study. Eur. J. Clin. Nutr. 2025, 79, 1114–1120.
[CrossRef] [PubMed]

27. Goddard, A.; Watson, A.; Tilbury, R.; Corfe, B.M.; Fairley, A. Circannual Prevalence of Vitamin D Insufficiency in Older and
Minoritized Ethnic Adults in Northern Britain: Screening Outcomes from a Clinical Trial (ISRCTN13778806). Eur. J. Clin. Nutr.
2026. ahead of print. [CrossRef] [PubMed]

28. Laird, E.; O’Halloran, A.M.; Carey, D.; Healy, M.; O’Connor, D.; Moore, P.; Shannon, T.; Molloy, A.M.; Kenny, R.A. The Prevalence
of Vitamin D Deficiency and the Determinants of 25(OH)D Concentration in Older Irish Adults: Data From the Irish Longitudinal
Study on Ageing (TILDA). J. Gerontol. Ser. A 2018, 73, 519–525. [CrossRef] [PubMed]

29. Haitchi, S.; Moliterno, P.; Widhalm, K. Prevalence of Vitamin D Deficiency in Seniors—A Retrospective Study. Clin. Nutr. ESPEN
2023, 57, 691–696. [CrossRef]

30. Munns, C.F.; Shaw, N.; Kiely, M.; Specker, B.L.; Thacher, T.D.; Ozono, K.; Michigami, T.; Tiosano, D.; Mughal, M.Z.; Mäkitie, O.;
et al. Global Consensus Recommendations on Prevention and Management of Nutritional Rickets. J. Clin. Endocrinol. Metab. 2016,
101, 394–415. [CrossRef]

31. Grossman, Z.; Hadjipanayis, A.; Stiris, T.; Del Torso, S.; Mercier, J.-C.; Valiulis, A.; Shamir, R. Vitamin D in European
Children—Statement from the European Academy of Paediatrics (EAP). Eur. J. Pediatr. 2017, 176, 829–831. [CrossRef]

32. Shatylo, S.; Bogomaz, V.; Babych, O. Vitamin D Deficiency in Ukraine: A Multicentre Cross-Sectional Study. Glob. Epidemiol. 2024,
8, 100170. [CrossRef]

33. Badiu Tis, a, I.; Cozma-Petrut, , A.; Samas, ca, G.; Miere, D.; Filip, L.; Banc, R.; Mîrza, O.; Iancu, M. Vitamin D Status Among
2–18-Year-Old Romanian Pediatric Patients: A Single-Center Study. Nutrients 2024, 16, 2266. [CrossRef]

34. Holmannova, D.; Hodac, J.; Borska, L.; Cermakova, E.; Hodacova, L. Vitamin D Supplementation in the Czech Republic:
Socioeconomic Determinants and Public Awareness Gaps. Nutrients 2025, 17, 2623. [CrossRef]

35. Casey, C.; Woodside, J.V.; McGinty, A.; Young, I.S.; McPeake, J.; Chakravarthy, U.; Rahu, M.; Seland, J.; Soubrane, G.; Tomazzoli,
L.; et al. Factors Associated with Serum 25-Hydroxyvitamin D Concentrations in Older People in Europe: The EUREYE Study.
Eur. J. Clin. Nutr. 2019, 73, 319–328. [CrossRef]

36. Rabenberg, M.; Scheidt-Nave, C.; Busch, M.A.; Rieckmann, N.; Hintzpeter, B.; Mensink, G.B.M. Vitamin D Status among Adults
in Germany—Results from the German Health Interview and Examination Survey for Adults (DEGS1). BMC Public Health 2015,
15, 641. [CrossRef]

37. Palaniswamy, S.; Hyppönen, E.; Williams, D.M.; Jokelainen, J.; Lowry, E.; Keinänen-Kiukaanniemi, S.; Herzig, K.-H.; Järvelin,
M.-R.; Sebert, S. Potential Determinants of Vitamin D in Finnish Adults: A Cross-Sectional Study from the Northern Finland Birth
Cohort 1966. BMJ Open 2017, 7, e013161. [CrossRef]
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