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Abstract: Vitamin D insufficiency remains a global public health concern, and population-based data
from Albania are scarce, particularly among young adults. This study aimed to assess vitamin D status
and serum 25-hydroxyvitamin D [25(OH)D7] concentrations among healthy Albanian young adults and
to examine associations with age, gender, and season of sampling. A cross-sectional study was
conducted between January 2023 and January 2025, including 467 healthy adults aged 18—35 years.
Serum 25(OH)D concentrations were measured using standardized laboratory procedures in an ISO-
certified laboratory. Vitamin D status was classified using a cutoff value of <20 ng/mlL. Statistical
analyses were performed using SPSS version 27.0. The mean serum 25(OH)D concentration was 25.16
* 10.30 ng/mL. Overall, 31.7% of participants had concentrations below the study cutoft. Males showed
significantly higher mean 25(OH)D levels than females (p < 0.001), while no association was observed
with age. Significant seasonal variation was noted, with higher levels in summer and autumn and lower
levels in winter and spring (p < 0.001). A considerable proportion of healthy young adults in Albania
exhibit suboptimal vitamin D status. Gender and seasonal factors significantly influence serum
25(OH)D concentrations, underscoring the need for targeted public health interventions.
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1. Introduction

Vitamin D is a secosteroid pro-hormone essential for calcium and phosphorus metabolism, bone
mineralization, and involved in other non-skeletal functions. In the human body, both inactive forms of
vitamin D, D2 (ergocalciferol) and D3 (cholecalciferol), undergo enzymatic reactions to become
biologically active [17.

The first hydroxylation occurs primarily in the liver at the C-25 position. This reaction produces
25-hydroxyvitamin D [25(OH)D7], the major circulating form of vitamin D [27. The second
hydroxylation is mediated by 25-hydroxyvitamin D-1a-hydroxylase in the kidney. This step converts
25(OH)D into the biologically active form, 1,25-dihydroxyvitamin D [1,25(OH).D7 [387.

Serum 25(OH)D concentration is the most reliable and widely used marker for assessing vitamin
D status. However, there is no universal consensus on cut-oft values for vitamin D deficiency.
According to the National Institutes of Health (NIH) Office of Dietary Supplements (ODS), serum
25(OH)D concentrations below 30 nmol/l (<12 ng/mL) are associated with an increased risk of
deficiency [47]. The Endocrine Society Task Force on Vitamin D considers a concentration of 50
nmol/l (>20 ng/mL) sufficient for the general health of the population [57. Overall, there is broad
agreement that serum 25(OH)D concentrations of 30-50 nmol/L (1220 ng/mL) indicate
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insufficiency, values below 80 nmol/L (<12 ng/mL) indicate deficiency, and concentrations above 50
nmol/L (>20 ng/mL) indicate sufficiency [5-87.

The prevalence of vitamin D deficiency from 2000 to 2024 has emerged as a significant global
concern, prompting many countries to evaluate their population's vitamin D status [6, 97.
Approximately one billion people worldwide are affected by vitamin D deficiency; around 50% of the
global population has insufficient levels [10, 117]. In Europe, about 40% of the population has been
tound to have vitamin D deficiency, with 13% experiencing severe deficiency, particularly among
adolescents, pregnant women, and older adults [12, 137].

In addition to its crucial role in skeletal homeostasis, recent evidence shows that vitamin D exerts
multidirectional effects. It affects the immune system, glucose metabolism, oxidative stress, and nerve
cell growth and differentiation [147. For instance, vitamin D deficiency has been associated with an
increased risk of developing several types of cancer, cardiovascular and autoimmune diseases, as well
as acute conditions [15-17].

Vitamin D synthesis and status are influenced by several intrinsic and extrinsic factors, such as
age, skin pigmentation, seasonal variation, lifestyle, and dietary habits [18, 197. Dermal synthesis
upon UVB light exposure and diet are the main sources of this vitamin for the human body. Therefore,
appropriate sunlight exposure and a healthy, balanced diet providing both plant and animal sources of
this vitamin (D2 and D3 sources, respectively) are essential to prevent deficiencies of this vitamin
[207].

Despite limited population-based data on vitamin D status, certain subgroups are known to be
particularly vulnerable to deficiency, including individuals with darker skin pigmentation and those
living at higher latitudes [217.

Besides dietary sources of vitamin D, exposure to sunlight (UVB photons) is a determinant for the
skin to convert pre-vitamin Dj (pre-cholecalciferol) into the active form, cholecalciferol [227. The
intensity of UVB radiation depends on latitude, season, and time of day. Experts suggest that 5—30
minutes of sun exposure, daily or at least twice weekly, is necessary to maintain adequate serum
25(OH)D concentrations [23].

Albania (latitude: 41° 09' 10.46" N) is located in Southeastern Europe and belongs to the
Mediterranean climatic zone. Despite an average of approximately 300 sunny days per year, limited
available evidence suggests a high prevalence of suboptimal vitamin D status in Albania, with
insufficiency or deficiency observed in 72% of young adults and 74% of pregnant women [24, 257].

As for some neighboring regions, such as Kosovo and Greece, they both lack national surveillance
data on vitamin D status. However, there are notable differences in the scope and population coverage
of the studies conducted. FFor instance, Greece has conducted broader investigations, including multi-
year studies with nationally distributed samples, providing a more robust foundation for public health
policy. In contrast, research conducted in Kosovo has limited representativeness, with a few cross-
sectional studies conducted on specific subpopulations [26, 277.

The prevalence of vitamin D deficiency has significantly increased in recent years and is
recognized as a global public health issue. Thus, ongoing research is essential to uncover the broader
implications of vitamin D deficiency and to emphasize the need for prioritizing its prevention and
management [287]. Through coordinated public health efforts, including enhanced awareness about
the importance of maintaining adequate serum 25(OH) concentration and targeted interventions, it is
possible to mitigate the burden of this deficiency and improve population health outcomes.

The present study aims to assess vitamin D status and mean serum 25(OH)D concentrations
among healthy Albanian young adults, and to examine their associations with age, gender, and season
of sampling, in the absence of vitamin D supplementation and other external influencing factors.

This investigation addresses the limited availability of population-based data on vitamin D status
in Albania, reflecting a broader global lack of accurate epidemiological evidence on vitamin D levels.
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2. Design and Methods
2.1. Study Design and Sample Size

A cross-sectional study was conducted between January 2023 and January 2025 to assess serum
25(OH)D concentrations among healthy Albanian adults aged 18—35 years. This age group is generally
associated with a lower prevalence of chronic diseases and a relatively favorable overall health status on
a global scale [10, 29-317. Therefore, to ensure internal validity, individuals with known chronic
diseases affecting vitamin D metabolism (renal insufficiency, malabsorption disorders, or chronic
diarrhea), pregnant/lactating women, as well as individuals taking vitamin D or multivitamin
supplements, were excluded.

Laboratory analyses for testing serum 25(OH)D concentration were performed in an accredited and
certified medical laboratory (ISO 9001-2015) located in an urban area of Albania. Ethical approval for
the study was obtained from the Ethics Committee for Scientific Research of the University of Sports of
Tirana on 02/10/2024, with reference number Prot.N.2602/2. Participants were recruited voluntarily
during routine laboratory testing. Individuals meeting the inclusion criteria were invited to participate
and screened for eligibility before enrollment. Oral consent was obtained from all participants before
inclusion in the study, in the presence of a study team member, who served as a witness to ensure that
consent was properly obtained.

The collected demographic data included age, gender, and the month of sample collection. Months
were categorized into four seasons: Spring (March, April, May), Summer (June, July, August), Autumn
(September, October, November), and Winter (December, January, February).

The minimum required sample size was determined to be 384 participants, ensuring an adequate
sample size for this population subgroup. The sample size formula used was: (Z* x p x (1—p)) / E?,
where Z is the standard normal deviation (1.96 for a 95% confidence level), p is the estimated
proportion of individuals with vitamin D deficiency, and E is the margin of error (0.05). To enhance
representativeness and ensure robust results, a total of 467 participants were enrolled in the study.

2.2. Sample Collection

The serum 25(OH)D concentration was assessed on blood taken from the cubital vein of all 467
participants, in the fasting state, around 8-9 am in the morning. Blood samples were collected in gel
tubes and processed within two hours of collection. Serum was separated by centrifugation at 3000
RPM for 10 minutes. If processing within two hours was not possible, serum samples were stored at -
80°C and processed within five days. The collection was performed during various months throughout
the year to account for the seasonal distribution of estimated serum 25(OH)D concentration [327].

2.8. Measurement of Serum 25-Hydroxyvitamin D

The serum 25(OH)D concentration was measured using the automated COBAS® E 411 system,
which employs the electrochemiluminescence (ECL) technique. Calibration and quality control
procedures were periodically performed according to the manufacturer’s guidelines following the
DEQAS scheme [327]. This system, manufactured by Roche Diagnostics® and approved by the Food
and Drug Administration (FDA), is internationally recognized for its reliability and validated methods
for accurate measurements [337]. Although different consensus recommendations exist regarding
vitamin D cut-off values, for our analyses serum 25(OH)D concentrations were categorized as follows:
sufficiency (> 20 ng/mL), insufficiency (12—20 ng/mL), deficiency (< 12 ng/mL), in accordance with
international recommendations from the NIH, Endocrine Society, EFSA and SACN [5-8, 347]. In
addition, a cut-oft value of <20 ng/mL was used to define suboptimal vitamin D status, encompassing
both vitamin D insufficiency and deficiency. From this point forward, serum 25(OH)D concentrations
are expressed in nanograms per milliliter (ng/mL).
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2.4. Data Collection and Analysis

The data were exported to Microsoft Excel and analyzed using the Statistical Package for Social
Sciences (SPSS, Version 27.0, IBM). Descriptive statistics, including means and standard deviations,
were used to summarize continuous variables, while frequencies and percentages were calculated for
categorical variables. Comparisons of continuous variables between two independent groups (females
and males) were performed using independent samples t-tests, with Welch’s correction applied when
equality of variances was not assumed. Differences in mean 25(OH)D concentrations across more than
two groups, such as seasonal distribution, were assessed using one-way ANOVA. Associations
between continuous variables, such as age and serum 25(OH)D concentrations, were evaluated using
Pearson’s correlation coefficient (r). A two-way ANOVA was conducted to examine the independent
effects of gender and season of sampling on serum 25(OH)D concentrations and to test for a possible
interaction between these factors. A p-value <0.05 was considered statistically significant.

3. Results
3.1. Characteristics of the Study Population

During the study period, a total of 467 samples were analyzed, each from a unique participant,
with no duplicate measurements recorded. Participant characteristics and the seasonal distribution of
sampling are presented in Table 1. The study population included 339 females (72.6%) and 128 males
(27.4%). The overall mean age was 26.51 + 4.24 years, with no significant age difference observed
between females and males (p = 0.157).

Blood sampling was conducted throughout all four Mediterranean seasons. The largest proportion
of samples was collected during autumn (30.4%), followed by summer (25.3%), winter (24.8%), and
spring (19.5%). Every month, the highest proportions of samples were collected in December (11.1%)
and August (10.7%).

Table 1.

Demographic characteristics and seasonal distribution of blood sampling by gender.
Variable Total Females Males

n (%) n (%) n (%)

Gender 467 (100) 339 (72.6) 128 (27.4)
Age range (years) 18-85 18-85 18-85
Age (years), mean = SD 26.51 + 4.24 26.69 £ 4.07 26.08 + 4.64
Season of sampling
Spring 91 (19.5) 61 (18.0) 30 (23.4)
Summer 118 (25.3) 85 (25.2) 33 (25.8)
Autumn 142 (30.4) 109 (32.1) 33 (25.8)
Winter 116 (24.8) 84 (24.7) 32 (25.0)

3.2. Serum 25(OH)D Concentrations, Vitamin D Status, and Demographic Associations

Serum 25(OH)D concentrations ranged from 3.59 to 79.39 ng/mL, with a mean concentration of
25.16 £ 10.30 ng/mL in the total study population. A significant difference in mean serum 25(OH)D
levels was observed between females and males (t = —4.31, p < 0.001), with lower concentrations in
females (23.92 + 9.47 ng/mL) compared with males (28.44 = 11.65 ng/mL). Additionally, Pearson
correlation analysis showed no significant association between age and serum 25(OH)D concentrations
(r = 0.040, p = 0.387).

The assessment of vitamin D status in the study population identified distinct patterns of
sufficiency, insufficiency, and deficiency. The majority of participants (68.3%) had sufficient vitamin D
levels (>20 ng/mL), while 24.2% were classified as insufficient (12—20 ng/mL) and 7.5% as deficient
(<12 ng/mL). Overall, nearly one-third of the participants (31.7%) presented serum 25(OH)D
concentrations below the study cut-off (<20 ng/mL).
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Gender-specific differences were observed. A higher proportion of males had sufficient vitamin D
levels compared with females (77.3% vs. 64.9%), whereas deficiency and insufficiency were more
frequent among females (8.3% vs. 5.5% and 26.8% vs. 17.2%, respectively). Accordingly, serum
25(OH)D concentrations below the cut-oft were observed in 85.1% of females and 22.7% of males. The
distribution of vitamin D status differed significantly between genders (p = 0.036) (Table 2).

Table 2.
Serum 25(OH)D concentrations and vitamin D status by gender.
Serum 25(OH)D concentration (ng/mL)
Season Participants Range Mean =+ Std. 95% CI 95% CI
n (%) Minimum Maximum Deviation Lower Bound | Upper Bound

Spring 91 (19.5) 3.59 50.81 2145 + 10.52 19.26 23.64
Summer 118 (25.3) 7.92 76.5 27.63 * 9.68 25.86 29.39
Autumn 142 (30.4) 5.68 79.89 28.03 + 10.91 26.22 29.84
Winter 116 (24.8) 7.87 45.4 22.02 + 8.05 20.54 23.5
Total 467 (100) 3.59 79.89 25.15 + 10.30 24.22 26.09

Note: a. Independent samples t-test for mean serum 25(OH)D concentration differences between females and males: t = —4.31, p < 0.001.

b. Pearson x* test for vitamin D status distribution between females and males: x*(2) = 6.654, p = 0.036.
c. Cut-off corresponds to serum 25(OH)D <20 ng/mL, combining insufficiency and deficiency.

3.8. Vitamin D Status and Seasonal Association
The distribution of serum 25(OH)D concentrations according to season of sampling is presented
in Table 3.

Table 3.
Serum 25(OH)D distribution by season.
Serum 25(OH)D* Sufficiency Below cut-off Insufficiency Deficiency Total
Gender (mean + SD) (>20 ng/mL)" (<20 ng/mL)* (12-20 ng/mL) (<12 ng/mL) n (%)
n (%) n (%) n (%) n (%)

Females 23.92 £ 9.47 220 (64.9) 119 (35.1) 91 (26.8) 28 (8.3) 339 (100)
Males 28.44 * 11.65 99 (77.9) 29 (22.7) 22 (17.2) 7(5.5) 128 (100)
Total 25.16 + 10.30 319 (68.3) 148 (31.7) 113 (24.2) 35 (1.5) 467 (100)

The largest proportion of participants was examined in autumn (30.4%), followed by summer
(25.83%), winter (24.8%), and spring (19.5%). Mean serum 25(OH)D concentrations were highest
among samples collected in autumn (28.03 £ 10.91 ng/ml) and summer (27.63 + 9.68 ng/ml), and
lower among those collected in winter (22.02 + 8.05 ng/ml) and spring (21.45 £ 10.52 ng/ml). The
distribution of serum 25(OH)D concentrations by season of sampling in the total study population is
illustrated in Figure 1, while the distributions stratified by gender are shown in Figure 2.
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Distribution of serum 25(OH)D concentrations according to season of sampling in the total study population.
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Figure 2.

Distribution of serum 25(OH)D concentrations according to season of sampling and gender.

Consistent with the overall gender difference, mean serum 25(OH)D concentrations were higher
in males than females in each season. The two-way ANOVA revealed no significant interaction
between gender and season of sampling (p = 0.880), indicating similar seasonal patterns in serum

25(OH)D concentrations in both genders.

One-Way ANOVA confirmed a statistically significant association between season of sampling and
serum 25(OH)D concentrations (' = 14.626, p < 0.001). Post hoc analysis using Tukey’s Honestly

Significant Difterence (HSD) test further revealed significant differences between seasons (Table 4).
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Table 4.
Post-hoc analysis of mean serum 25(OH)D differences between seasons?

Mean difference in Std. Error p-value® 95% CI Lower | 95% CI Upper
Comparison 25(OH)D conc. (ng/mL) bound bound
Spring — Summer —6.18 1.88 <0.001 —9.73 —2.62
Spring — Autumn —6.58 1.33 <0.001 —10.00 —3.16
Spring — Winter —-0.57 1.88 0.976 —4.14 2.99
Summer — Autumn —0.40 1.23 0.988 —3.58 2.77
Summer — Winter 5.60 1.29 <0.001 2.27 8.93
Autumn — Winter 6.01 1.24 <0.001 2.82 9.19

Note: a. Post-hoc pairwise comparisons were conducted using Tukey’s Honestly Significant Difference (HSD) test following one-way
ANOVA.
b. Bold p-values indicate statistically significant differences (p < 0.05)

Specifically, serum 25(OH)D concentrations in spring were significantly lower than in summer
and autumn, with mean differences of 6.18 ng/mL (p < 0.001) and 6.58 ng/mL (p < 0.001),
respectively. Furthermore, concentrations were significantly higher in summer than in winter (mean
difference 5.60 ng/mL, p < 0.001) and in autumn compared to winter (mean difference 6.01 ng/mL, p
< 0.001). In contrast, no significant differences were observed between summer and autumn (mean
difference = -0.40 ng/mL, p = 0.988) or between spring and winter (mean difference = -0.57 ng/mL, p
=0.976).

4. Discussion

Vitamin D deficiency remains a widespread global health issue, with substantial variation across
different populations due to factors such as age, gender, ethnicity, lifestyle, and geographical location.

In this context, the present study provides a comprehensive evaluation of vitamin D status among
healthy young adults in Albania, highlighting the role of demographic characteristics and seasonal
factors associated with serum 25(OH)D concentrations.

The mean serum 25(OH)D concentration observed in this study was 25.16 £ 10.30 ng/mL. This
value is higher than that reported in a previous Albanian study among postmenopausal women (21.4 +
12.0 ng/mL), although direct comparison is limited by differences in age group and physiological
status between the study populations [857]. Compared with neighboring regions, serum 25(OH)D
concentrations in our study were higher than those reported in Southern European countries,
including Spain (15.6 ng/mL), Italy (11.2 ng/mL), and Greece (10 ng/mL), while Eastern European
countries typically report mean levels below 20 ng/mL [127.

Regarding vitamin D status, 68.3% of participants had sufficient 25(OH)D levels, while 24.2%
were insufficient, and 7.5% were deficient. Overall, nearly one-third of the study population (31.7%)
showed serum 25(OH)D concentrations below the study cut-off (<20 ng/mL). When placed in a
broader context, a large systematic review and meta-analysis including 7.9 million participants
worldwide reported a global prevalence of vitamin D deficiency of 15.7%, with a prevalence of 10.2% in
upper-middle-income countries and values ranging from 14.9% to 18.2% among younger adults [97].
In neighboring Kosovo, serum 25(OH)D concentrations below the cut-off (<20 ng/mL) were observed
in 23.2% of younger adults (20-39 years) [36]. In contrast, much higher proportions of serum
25(OH)D concentrations below the cut-off (<20 ng/mL) have been reported in Bosnia and
Herzegovina (82%) [87]. Differences observed between neighboring countries may be influenced by
variations in lifestyle factors such as time spent outdoors, dietary habits, and supplementation
practices. IFor example, Albania and Kosovo share a Mediterranean diet rich in vitamin D—containing
toods and similar cultural habits promoting outdoor activity, which may contribute to their similar
proportions of serum 25(OH)D concentrations below the cut-off [387. In contrast, dietary patterns
and sun exposure behaviors in Bosnia and Herzegovina may differ, potentially leading to higher
proportions of serum 25(OH)D concentrations below the cut-off [397. Disparities in healthcare
policies, public health efforts, and supplementation awareness further influence vitamin D status across
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these populations. In Albania and Kosovo, limited professional awareness and inconsistent
supplementation are partially offset by favorable lifestyle and dietary habits, which may help reduce
the proportion of individuals with serum 25(OH)D concentrations below the cut-oft [267. Conversely,
limited public health strategies in Bosnia and Herzegovina, combined with the above-mentioned
factors, may contribute to a higher burden of low vitamin D status.

Conversely, the deficiency rate observed in our study is lower than the European average
prevalence of 13% but similar to the 7.4% reported in Canada, while substantially lower rates have
been documented in the United States (5.9%) [137. In contrast, countries in the Middle East and
South Asia report substantially higher burdens of low vitamin D status. For example, studies
conducted in Saudi Arabia, Pakistan, and Iraq have reported prevalences exceeding 50-70%,
particularly among younger adults and women, likely reflecting reduced sun exposure, cultural
clothing practices, sedentary behavior, and dietary factors [40-427].

Beyond overall prevalence, gender differences in vitamin D status remain an important
consideration in nutritional epidemiology. In the present study, males showed significantly higher
serum 25(OH)D concentrations than females, both in terms of mean levels and the proportion
reaching recommended thresholds. This finding is consistent with previous research reporting a
higher prevalence of vitamin D deficiency among females [43, 447].

Several factors may contribute to the observed gender disparities in vitamin D status. One
important factor is sun exposure, as men are often more engaged in outdoor occupational and
recreational activities, which facilitate greater cutaneous synthesis of 25(OH)D. In Albania, this
pattern may be partly explained by labor market differences, where the employment rate among
individuals over 15 years of age is 74.9% for men compared to 61.9% for women, potentially reflecting
differences in lifestyle and daily sun exposure [457].

Physiological differences also play a crucial role in metabolism and storage of vitamin D. For
instance, women often have higher body fat percentages, which can influence the bioavailability of
vitamin D [467. Vitamin D tends to accumulate in adipose tissue, potentially leading to lower serum
levels of the active form in females, despite adequate dietary intake or sun exposure [47]. Additionally,
Trifan et al. discussed how variations in endocrine function and metabolic pathways between genders
may further complicate the understanding of vitamin D status, adding to the complexities of gender
disparity [487. However, findings remain inconsistent, as some studies suggest that vitamin D
deficiency in women is more pronounced in older age groups, while others report no significant
correlation between gender and serum 25(OH)D levels [49, 507.

Regarding age, correlation analysis did not reveal a statistically significant relationship with
serum 25(OH)D concentrations. This lack of significance is likely attributable to the relatively narrow
age range of the study population, which limits the ability to detect age-related differences in serum
25(OH)D concentrations.

Furthermore, the seasonal variations observed in this study reinforce the strong link between sun
exposure and 25(OH)D synthesis. Mean serum 25(OH)D concentrations were significantly higher in
autumn (28.03 ng/mL) and summer (27.63 ng/mL), with lower levels in winter and spring. These
findings are consistent with evidence indicating that UVB radiation intensity decreases substantially
during colder months, an effect further influenced by Albania’s geographical latitude, which results in
reduced sun exposure during these seasons [237]. Similar seasonal trends have been reported in
Switzerland and Turkey, where lower serum 25(OH)D concentrations were observed during winter
and spring [51, 527].

Finally, the lack of a significant difference between summer and autumn observed in Albania,
despite the decline in winter and spring, may be attributed to several local factors. Albania’s
Mediterranean climate provides prolonged sunlight exposure extending into early autumn, supporting
sustained cutaneous 25(OH)D synthesis beyond the summer peak [537. Cultural habits such as
regular outdoor activity during the warmer months, adherence to a Mediterranean diet rich in vitamin
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D-containing foods, and generally clear atmospheric conditions with favorable UVB availability may
all contribute to maintaining elevated levels [54, 557].

4.1. Recommendations

Although the prevalence of serum 25(OH)D concentrations below the study cut-oft was lower than
that reported in several other regions, nearly one-third of participants exhibited suboptimal vitamin D
status, underscoring the need for targeted public health interventions even among healthy young
adults. Strategies such as dietary supplementation, promotion of safe sun exposure, and lifestyle
modifications may help mitigate potential long-term health risks associated with low vitamin D levels,
particularly in physically active individuals and other at-risk subgroups [567].

Gender-specific interventions are necessary, as males in our study exhibited significantly higher
serum 25(OH)D concentrations than females. Public health campaigns could focus on educating
women about the importance of vitamin D and ways to improve intake, especially considering factors
like reduced sun exposure and higher body fat percentages, which may affect vitamin D metabolism.

Seasonal patterns observed in this study further highlight the importance of seasonally tailored
strategies. In particular, vitamin D supplementation and monitoring may be especially beneficial
during winter and spring, when reduced sun exposure limits endogenous vitamin D synthesis.
Implementing seasonal recommendations could support the maintenance of adequate serum 25(OH)D
concentrations throughout the year.

Lifestyle factors such as smoking and alcohol consumption have been reported in the literature to
influence vitamin D status; however, these factors were not directly assessed in the present study [57,
587. Future research in the Albanian population should investigate the potential impact of these
behaviors on serum 25(OH)D concentrations, especially among groups with higher exposure, to better
inform targeted prevention strategies.

Currently, Albania lacks national guidelines or structured public health programs addressing
vitamin D status. The findings of this study provide evidence that may support the development of
national supplementation policies, community- and school-based awareness campaigns, and the
integration of vitamin D assessment into primary healthcare services. These measures could
contribute to a coordinated national approach to improving vitamin D status across different
population groups.

4.2. Strengths and Limitations

To our knowledge, this is the first study conducted in Albania to assess serum 25(OH)D
concentrations among healthy young adults aged 18-85 years, providing novel data on vitamin D
sufficiency, insufficiency, and deficiency in this population subgroup. Key strengths of the study
include a rigorous methodological approach, with biochemical analyses performed in an ISO-certified
laboratory, standardized procedures for sample collection, and an adequate sample size for this specific
age group. Additionally, the evaluation of serum 25(OH)D concentrations according to gender and
season of sampling allowed for a more comprehensive characterization of vitamin D status.

Several limitations should also be acknowledged. First, the absence of data on dietary vitamin D
intake, sun exposure, and supplementation limits the ability to fully assess determinants of serum
25(OH)D concentrations. Second, the restricted age range limits the generalizability of the findings to
older populations, who may be at greater risk of vitamin D deficiency. Additionally, the unequal
distribution between female and male participants may represent a limitation, as the smaller
proportion of male participants may limit the robustness of gender-stratified analyses.

5. Conclusions

This study provides the first comprehensive assessment of serum 25(OH)D concentrations among
healthy young adults in Albania. Despite favorable climatic conditions, a substantial proportion of
participants showed suboptimal vitamin D status, with nearly one-third presenting serum 25(OH)D
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concentrations below the established cut-off. Vitamin D status differed significantly by gender, with
lower concentrations observed among females, while no significant association with age was identified
within this age group. Seasonal patterns were evident, with higher serum 25(OH)D concentrations
during summer and autumn and lower levels during winter and spring. Overall, these findings
highlight that vitamin D insufficiency remains a relevant public health concern even in young,

apparently healthy populations.
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