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Abstract
Introduction: Today, the measurement of vitamin D is commonly used for the diagnosis of osteoporosis and for es-
tablishing optimal serum levels that may help prevent various other diseases. The aim of this study was to investigate 
whether the season—specifically the time of year when the blood sample is collected—affects total serum vitamin D 
concentration in the population of the Dukagjini Plain in the Republic of Kosovo.

Materials and Methods: A retrospective study was conducted at two laboratories: the "Biolab- Zafi-F" Medical 
Laboratory in Peja and the "Biolab-Zafi" Polyclinic Laboratory in Klina. Serum levels of total 25-hydroxyvitamin D 
were analyzed in non-hospitalized patients aged over 58 years, during the period from January 1, 2022, to August 
31, 2024. Vitamin D measurements were performed using the cobas e 411 analyzer, a fully automated system based 
on ElectroChemiLuminescence (ECL) technology.

Results: A total of 863 outpatient serum samples were analyzed. Vitamin D concentrations were consistently lower 
in samples collected during the winter season compared to the other three seasons. Multivariate analysis revealed 
that total vitamin D concentration was independently associated with sex and season of sample collection, but not 
with patient age.

Conclusion: The season in which blood samples are collected should be considered an important preanalytical 
variable in vitamin D testing. The amount of vitamin D synthesized during the summer appears sufficient to maintain 
serum levels above 45–55 nmol/L throughout the rest of the year.
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Introduction
Vitamin D is metabolized in the liver to form 25-hydroxyvitamin 
D (25(OH)D), while the kidneys further convert it into its active 
form, 1,25-dihydroxyvitamin D [1]. Among these, 25(OH)D is 
the predominant circulating form and is widely accepted as the 

most reliable indicator of vitamin D status [2]. The two main 
forms relevant to human health are vitamin D3 (cholecalcif-
erol) and vitamin D2 (ergocalciferol). Vitamin D functions as 
a pro-hormone and plays a vital role in calcium and phospho-
rus regulation, as well as bone mineralization [3]. Deficiency 
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in vitamin D is typically defined as a serum concentration of 
less than 20 ng/mL [4]. Hypovitaminosis D can contribute to os-
teoporosis by reducing calcium absorption, inducing secondary 
hyperparathyroidism, and increasing bone resorption. Conse-
quently, low vitamin D levels are often associated with elevated 
parathyroid hormone (PTH) levels.Recent research has revealed 
the presence of vitamin D receptors in various cell types, sug-
gesting biological functions beyond mineral metabolism [5]. 
Several studies have identified hypovitaminosis D as a potential 
risk factor for numerous conditions, including cancer, diabetes, 
and cardiovascular diseases [6]. The most reliable method for 
assessing vitamin D status is the measurement of serum 25(OH)
D concentrations. Of the two types, 25(OH)D3 is considered 
more biologically significant, as it maintains higher serum levels 
compared to 25(OH)D2, which is derived primarily from dietary 
sources or supplementation [7]. However, routine measurement 
of vitamin D poses certain challenges, largely due to variability 
in assay methods and lack of standardization against reference 
materials [8]. Pre-analytical variability, such as differences in 
sample storage temperature and handling, appears to have a rel-
atively minor impact on vitamin D measurement [9]. Addition-
ally, common sources of biological variability, including post-
prandial status, have been shown to exert negligible influence on 
25(OH)D levels [10]. Nevertheless, several studies from New 
Zealand and the USA have identified seasonal variation as a ma-
jor determinant of vitamin D status, with lower concentrations 
typically observed during months with reduced daylight hours 

[11,12,13]. Given that UV radiation levels are insufficient for 
continuous cutaneous vitamin D synthesis throughout the year, 
the aim of this study is to assess whether seasonality, as a sig-
nificant source of pre-analytical variability, affects total vitamin 
D concentrations in the population of the Dukagjini Plain in the 
Republic of Kosovo.

Statistical Analysis
Differences in values were analyzed using ANOVA (for continu-
ous variables) and the Pearson X2 test with Yates' correction (for 
categorical variables). Univariate analyzes (Spearman's rank 
correlation coefficient) and multivariate analyzes were also per-
formed using Analyse-it Software Ltd, Leeds, UK.

Materials and Methods
A retrospective study was conducted in two laboratories: the 
Medical Laboratory “Biolab-Zafi-F” in the city of Peja and the 
laboratory of the Polyclinic “Biolab-Zafi” in Klina.A total of 863 
outpatient serum samples were analyzed. Vitamin D concentra-
tions were consistently lower in samples collected during the 
winter season compared to the other three seasons. The study 
aimed to evaluate serum levels of total vitamin D (25-hydroxyvi-
tamin D) in non-hospitalized patients over the age of 58, during 
the period from January 1, 2022, to August 31, 2024.Vitamin 
D concentration was measured using the Cobas e 411 analyzer, 
a fully automated system that employs ElectroChemiLumines-
cence (ECL) technology for detection.

Results
Table 1: Age, gender and total vitamin D values according to blood analysis season.

Parameters Spring Summer Autumn Winter p-values
Number of patients 

n= 863
227 (26.3%) 203 (23.5%) 251(29.8%) 182 (21.8%)

Average age 
(years)

n= 58-70

66 64 61 63 0.598

Gender (female) 
n= 468

(%)

112 (24%) 103 (22.0%). 117 (25.0%) 136 (29.0%) <0.001

Gender (men) 
n=395

(%)

91 (23.0%) 87 (22.0%) 107 (27.0%) 110 (28%) <0.001

Women:
vitamin D (nmol/L)

57 (25- 61) 71(28-86) 69 (24-72) 46 (21-65) <0.001

Men:
vitamin D (nmol/L)

62 (28-71) 78 (29-82) 65 (28-80) 57 ( 26-68) <0.001

Women: vitamin
D <30 nmol/L (%)

n= 46
(41)

n= 35
(34)

n= 52
(44.4)

n=58
(42.6)

<0.001

Men: vitamin D
<30 nmol/L (%)

n= 41
(45.0)

n= 29
(37.1)

n=56
(52.3)

n=58
(52.7)

<0.001

p-values <0.001 significant

Table 1 presents the findings of the study, which included a se-
lected older outpatient population comprising 863 individuals 
(median age: 63.5 years; interquartile range [IQR]: 58–70 years; 
468 women and 395 men). Overall, vitamin D levels were sig-
nificantly higher in men (median: 65.5 nmol/L; IQR: 27.8–75.3 

nmol/L) compared to women (median: 60.7 nmol/L; IQR: 24.5–
71.2 nmol/L; p < 0.001). There was no statistically significant 
difference in the age distribution of patients across the different 
seasons of blood sample collection (p = 0.598). However, the 
proportion of women was significantly higher in samples col-
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lected during winter and autumn compared to those collected in 
summer and spring.The mean concentration of total vitamin D 
was consistently lower in samples collected during winter than 
in other seasons. Compared to winter values, vitamin D levels 
were 33% higher in samples collected during summer and au-
tumn, and 18% higher in those collected during spring.The prev-
alence of vitamin D deficiency (defined as serum 25(OH)D < 
30 nmol/L) was notably greater in samples collected in winter 
and autumn compared to summer and spring (see Table 1).Fur-
thermore, the odds ratios (ORs) and 95% confidence intervals 

(CIs) for vitamin D deficiency were significantly lower in pa-
tients whose blood was collected in spring (OR: 0.86; 95% CI: 
0.78–0.96; p = 0.008), summer (OR: 0.39; 95% CI: 0.35–0.45; p 
< 0.001), and autumn (OR: 0.46; 95% CI: 0.41–0.51; p < 0.001), 
compared to those tested in winter.Notably, the odds of vitamin 
D deficiency were also lower in samples collected in spring (OR: 
0.46; 95% CI: 0.41–0.50; p < 0.001) and autumn (OR: 0.52; 95% 
CI: 0.48–0.59; p < 0.001), when compared to those collected in 
summer.

Table 2:  Vitamin D values according to the season of blood analysis in subjects aged <63 years and in those aged >63-70 years.
Parameters Spring Summer Autumn Winter p-values

Age with<63. 
Vitamin D concen-

tration
(nmol/L)

48 (35-68) 64 (52-88) 61 (47-79) 51 (32-64) 0.001

Age >63-70
years, n (%). 

Vitamin D concen-
tration

(nmol/L)

41 ( 27- 64) 57 (34-67) 48 (31-63) 38 (24-58) 0.001

 p-values <0.001 significant

The results presented in Table 2 remained consistent in the sub-
group analysis of patients aged <63 years and those aged 63–70 
years. In both age groups, the mean concentration of total vita-

min D continued to be lower in samples collected during winter 
compared to other seasons.

Table 3: Univariate (Spearman's correlation) and multivariate analysis between total vitamin D values and age, gender and season 
of blood tests in outpatients.

Parameters Univariant Multivariate
Age r=–0.025; p=0.014 b=0.0001; p=0.998

Gender r=–0.074; p<0.001 b=–5.98; p<0.001
Test season r=0.178, p<0.001 b=5.24; p<0.001

In the univariate analysis, total vitamin D concentration was sig-
nificantly associated with age, sex, and the season in which the 
blood sample was collected (Table 3).In the multivariate analy-
sis, where vitamin D concentration was treated as the dependent 
variable and age, sex, and season of blood collection were in-
cluded as independent variables, total vitamin D concentration 
was found to be independently associated with sex and season, 
but not with patient age.

Discussion
Sunlight is a crucial determinant of vitamin D status, as it stim-
ulates endogenous synthesis in the skin. The extent of this pro-
duction depends on the intensity of solar UVB radiation, which 
is generally higher in summer and lower in winter. Additional 
factors that influence vitamin D synthesis include age, skin pig-
mentation, clothing style, use of sunscreen, and lifestyle habits 
[14]. Previous studies have demonstrated that seasonal varia-
tions significantly affect the diagnosis of vitamin D deficiency. 
For example, Bolland et al. [13] conducted two consecutive 
studies in New Zealand and concluded that seasonally adjusted 
diagnostic thresholds may be advisable. Their findings suggest 
that cut-off values for vitamin D deficiency should be approxi-
mately 20–50% higher during the summer months [11,12]. Sim-

ilar results were reported by Rosecrans et al. [13], who analyzed 
148,821 serum samples over a two-year period in a northern 
U.S. city and found that vitamin D deficiency and insufficiency 
peaked during winter. A smaller Italian study involving 13 indi-
viduals reported that serum vitamin D levels were 27% higher 
in samples collected in September/October compared to those 
collected in February/March [15]. The results of our study align 
with these prior observations. In the selected elderly population 
from the Dukagjini Plain region, total serum vitamin D concen-
trations were 33% higher in samples collected during summer 
and autumn, and 18% higher in spring, compared to those col-
lected in winter (Table 1). Furthermore, the prevalence of vita-
min D deficiency was nearly twice as high in samples taken in 
winter and autumn compared to summer and spring.Although 
older individuals typically exhibit lower vitamin D levels due to 
decreased cutaneous synthesis with aging, our study confirmed 
the same seasonal pattern among both younger (<63 years) and 
older (>63–70 years) subgroups (Table 2). This consistency re-
inforces the seasonal impact on vitamin D levels regardless of 
age group.The innovative contribution of our study lies in its 
context. Unlike previous research conducted in countries with 
mandatory (USA) or widespread voluntary (New Zealand) food 
fortification policies, our study was performed in a setting with-
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out any vitamin D fortification regulations, as is the case in most 
European countries. Additionally, the climate in the Dukagjini 
Plain (Kosovo) is temperate and more comparable to Central 
European regions than to the climates of the USA or New Zea-
land. Therefore, our findings may have broader applicability to 
similar European settings.Given the high prevalence of vitamin 
D deficiency in the general population [16] and its established 
association with a range of health conditions [1], this remains a 
significant public health concern. While routine population-wide 
screening is not recommended, current clinical guidelines em-
phasize the importance of vitamin D testing in individuals at risk 
for deficiency, enabling timely intervention and restoration of 
adequate levels [5].

Conclusion and Recommendations
Based on the findings of this study, the season in which blood 
samples are collected should be considered a significant pre-
analytical factor when evaluating serum vitamin D levels. The 
amount of vitamin D synthesized during the summer months 
appears to be sufficient to maintain concentrations above 45–50 
nmol/L throughout the remainder of the year.It is recommend-
ed that individuals—particularly those with bone-related health 
conditions—receive prophylactic vitamin D supplementation, 
especially during periods of low sun exposure. Additionally, in 
both age groups examined, strategies such as vitamin D fortifi-
cation of food products and safe sun exposure during peak UV 
hours may help maintain adequate vitamin D levels year-round.
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