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Abstract: 
Objective: Vitamin D plays a critical role in bone health, immune function, and overall growth and develop-
ment in children. So, the study aimed to determine serum vitamin D levels in a large sample, examine their re-
lationship to age groups, gender, seasonal and monthly, and identify risk groups by demonstrating the 
prevalence of vitamin D deficiency in the pediatric age group. 
Methods: A retrospective study was conducted using serum vitamin D level data from pediatric patients pre-
senting to the Pediatrics Outpatient Clinic. Children were divided into four age groups based on developmental 
stages: 1-4, 5-8, 9-12, and 13-17 years. Vitamin D levels were categorized as severe deficiency, deficiency, in-
sufficiency, and normal. The data were analyzed for age, gender, seasonality, and monthly distribution, and 
the relationships between these variables were evaluated using comprehensive statistical methods. 
Results: Only 6.5% of the average vitamin D levels were found to be normal. Deficiency, insufficiency, or se-
vere deficiency was detected in 93.5%. A weak but significant negative correlation was observed between age 
and vitamin D levels. While levels were similar between genders, severe deficiency was higher in females. 
The highest values were observed in summer and the lowest in winter, with July-September being the peak 
and January-February the trough.  
Conclusion: Our study revealed that vitamin D deficiency is common in children and a critical public health 
problem. Decreasing levels with age, seasonal cycles, and gender differences indicate that the risk becomes 
more pronounced. These findings highlight the need for supplementation plans and awareness-raising strategies, 
particularly during winter and spring.  
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 V itamin D (Vit D) plays a vital role not only in 

bone health but also in immune and metabolic 
functions during childhood. As an illustration, 

rickets, one of the classic complications of Vit D defi-
ciency in childhood, is characterized by the softening 
of developing bone resulting from impaired bone min-

eralization. It can cause serious health problems in 
children, such as growth retardation, motor delays, and 
bone deformities [1]. Furthermore, Vit D exerts regu-
latory effects on innate components of the immune 
system. The presence of Vit D receptors, particularly 
in immune cells such as monocytes, macrophages, and 
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dendritic cells, suggests that this Vit D inhibits antimi-
crobial peptide synthesis and weakens the immune re-
sponse when serum levels are low [2]. Vit D in steroid 
form is found in the human body in the forms of D2 
(ergocalciferol) and D3 (cholecalciferol) [3]. More 
than 90% of Vit D is converted to previtamin D3 from 
7-dehydrocholesterol in the skin during exposure to 
sunlight, which is thermally converted to Vit D3. 
Therefore, Vit D, D2, or D3, is hydroxylated first to 
25(OH)D in the liver and then to 1,25(OH)2D in the 
kidneys. 25(OH)D is the main circulating form of Vit 
D and has a half-life of 2–3 weeks [4]. Since the 
25(OH)D level in serum is considered the most reli-
able biological marker of Vit D status in the body, they 
have identified it as a strong and reliable indicator for 
monitoring Vit D status in infants and children [5]. 
Studies conducted in various geographic regions reveal 
that differences in sunlight exposure, lifestyle, dietary 
habits, and latitude also influence serum 25(OH)D lev-
els. And age, gender, season have each been reported 
to have significant effects on Vit D levels, and the in-
teraction effect between age and season is also signif-
icant [4]. It has also been noted that the high prevalence 
of Vit D deficiency in children is particularly related to 
nutritional status and seasonal factors [6]. Vit D levels 
have been reported to be low across age groups, par-
ticularly in the 7-18 age group. In gender-based assess-
ments, males are frequently reported to have higher Vit 
D levels than females. It has also been reported that 
levels rise in the summer and drop significantly in the 
winter [7]. Beyond bone metabolism, emerging evi-
dence indicates that Vit D also plays an important role 
in immune regulation. Accordingly, our study aims to 
assess vitamin D levels in children aged 0-17 based on 
age, gender, season, and month, expecting that these 
factors influence vitamin D status and reveal subgroups 
at increased risk for deficiency. 
 
 
METHODS 
Study Design and Data Collection 
      Our study included a total of 15.981 pediatric pa-
tients aged 1 to 17 who presented to the Pediatrics 
Outpatient Clinic of Mardin Training and Research 
Hospital between 01.01.2018-31.12.2018. The study 
was approved by the Mardin Artuklu University Non-
Interventional Clinical Research Ethics Committee 

(number: 2025/1-4, date: 07.01.2025).  
      The study included retrospective and cross-sec-
tional data on Vit D levels in children. Demographic in-
formation such as age and gender of the patients, month 
and season information regarding the application pe-
riod, and laboratory results of Vit D (25-OH D) levels 
were obtained from the hospital automation system. 
      As part of the preliminary analysis, participants 
were divided into four age groups based on their de-
velopmental stages: 1-4, 5-8, 9-12, and 13-17 years. 
Vit D levels were classified into four categories: <10 
ng/mL (severe deficiency), 10-19.99 ng/mL (defi-
ciency), 20-29.99 ng/mL (insufficiency), and ≥30 
ng/mL (normal). Additionally, seasonal and monthly 
data in text format were converted to numerical codes 
to facilitate statistical analyses (e.g., Winter = 1, 
Spring = 2...; January = 1, February = 2...). Vit D cat-
egories were based on established clinical cut-offs rec-
ommended by the Endocrine Society and other 
pediatric guidelines. Seasonal and monthly informa-
tion was numerically coded solely to facilitate statis-
tical analyses. 
      Study inclusion criteria: Pediatric age group be-
tween 1 and 17 years old were included in the study. 
      Study exclusion criteria: Conditions such as di-
abetes mellitus, pregnancy, cancer, rheumatic diseases, 
febrile illnesses, inflammatory diseases, renal dysfunc-
tion, vitamin D supplementation, autoimmune disease, 
liver and thyroid dysfunction, and acute and chronic 
infections were identified as exclusion criteria. 
 
Statistical Analysis  
      Statistical analysis of the data was performed 
using SPSS 27.0. Descriptive statistics are given as 
mean±standard deviation (Mean±SD) for continuous 
variables and as number (n) and percentage (%). The 
Kolmogorov-Smirnov test was used to assess the 
data's conformity to a normal distribution, and since 
it was determined that the data were not normally 
distributed (P< .001), non-parametric tests were used 
for comparisons between groups. In group compar-
isons, the Mann-Whitney U test was used for two in-
dependent groups, and the Kruskal-Wallis H test was 
used for comparisons of more than two independent 
groups (seasons, months, age groups). If the Kruskal-
Wallis H test was significant, post-hoc analysis was 
performed using the Mann-Whitney U test with Bon-

651        The European Research Journal   Volume 12   Issue 6   June 2026



Eur Res J. 2025;12(6):650-658 Dundar et al

ferroni correction to determine the source of the dif-
ference. Spearman correlation analysis was used to ex-
amine the relationship between variables. Statistical 
significance was set at P<0.05 in all analyses.  
 
 
RESULTS 
Demographic Characteristics and General Vitamin 
D Assessments 
      The mean age of the participants was 7.59±5.28 
years. Females constituted 51.6% of the sample 
(n=8,251), while males constituted 48.4% (n=7,730). 
When the distribution by age group was examined, the 
largest group was children aged 1-4 (37.5%), followed 
by children aged 13-17 (23.7%) (n=3,786), those aged 
5-8 (21.2%) (n=3,388), and those aged 9-12 (17.6%) 
(n=2,809) (Table 1). 
      The overall mean Vit D level in the study group 
was found to be 16.24±13.06 ng/mL. Classification 
based on Vit D sufficiency revealed that only 6.5% 
(n=1.035) of participants had normal Vit D levels (>30 
ng/ml). 44.1% (n=7.047) of the individuals were clas-
sified as "Deficiency," 30.5% (n=4.872) as "Severe de-
ficiency," and 18.9% (n=3.027) as "Insufficiency". In 
total, 93.5% of the individuals included in the study 
were found to have Vit D levels below the ideal level 
(Table 1). 

Evaluation of Vitamin D Levels by Gender and Age 
Group 
      The relationship between Vit D status categories 
and gender was examined using the Chi-Square test. 
The analysis revealed a statistically significant differ-
ence in the distribution of Vit D status by gender (χ²(3, 
N=15981) = 297.883, P<0.001). A detailed examina-
tion revealed that the rate of 'Severe Deficiency' was 
significantly higher in females (36.2%) than in males 
(24.4%). Conversely, the rates of 'Insufficient' (22.2% 
vs. 15.9%) and 'Normal' (7.4% vs. 5.6%) Vit D levels 
were higher in males than in females. General Vit D 
deficiency (<20 ng/mL) was detected in 78.6% of girls 
and 70.3% of males (Table 2). 
 
Vitamin D Assessment by Age Groups 
      Chi-Square test analysis revealed a highly statis-
tically significant association between Vit D status and 
age groups (χ²(9, N=15981) = 1465.163, P<0.001). 
The findings show a strong trend towards an increase 
in both the prevalence and severity of Vit D deficiency 
with increasing age. While the rate of 'Severe Defi-
ciency' (<10 ng/mL) was 18.8% in the 1-4 age group, 
this rate gradually increases with age, reaching 46.5% 
in the 13-17 age group (adolescence). In contrast, the 
rate of having 'Normal' Vit D status (>30 ng/mL) was 
highest at 12.0% in the 1-4 age group, while this rate 
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decreases to 2.9% during adolescence. This trend to-
wards worsening Vit D status with increasing age was 
also statistically supported by the linear association 
test (Linear-by-Linear Association, P<0.001), which 
was found to be significant (Table 3). 
 
Changes in the Relationship Between Age and Vi-
tamin D Levels According to Gender 
      The linear relationship between age and Vit D lev-
els was examined using Spearman correlation analy-
sis. The analysis revealed a statistically significant, 
weak, and negative correlation between age and serum 
Vit D levels (rho = -0.330, P<0.001). This negative re-
lationship between age and Vit D was also visually 
confirmed in scatter plots stratified by gender. A sim-
ilar trend toward a decrease in Vit D levels with in-
creasing age was observed in both male and female 
participants (Figure 1).  
 
Evaluation of Changes in Vitamin D Levels by 
Season 
      The Kruskal-Wallis H test, which was conducted 
to determine whether Vit D levels differed according 
to seasons, showed that there was a highly statistically 
significant difference between seasons (H(3)= 

2542.287, P<0.001). In order to determine the seasons 
between which this general difference occurred, pair-
wise comparisons were made using Mann-Whitney U 
tests with Bonferroni correction (significance level 
was set at P<0.008). According to the mean rank val-
ues, Vit D levels are ranked as Summer > Autumn > 
Spring > Winter. The highest Vit D levels were de-
tected in Summer (Mean Rank: 10122.90), while the 
lowest levels were observed in Winter (Mean Rank: 
5386.13). Additionally, it was found that Autumn 
(Avg. Rank: 9366.04) levels were significantly higher 
than Spring (Avg. Rank: 7692.56) levels due to the ef-
fect of Vit D stored during the summer (Table 4). 
 
Prevalence of Vitamin D Deficiency by Season 
      A chi-square test was performed to further exam-
ine the effect of seasonal variation on Vit D sufficiency 
status. The analysis confirmed a highly statistically 
significant relationship between the distribution of Vit 
D status categories and the seasons (χ²(9, N=15981) = 
2521.187, P<0.001). Cross-tabulation analyses re-
vealed a dramatic seasonal fluctuation in the preva-
lence of Vit D deficiency. While severe deficiency 
(<10 ng/mL) was detected in more than half of the par-
ticipants (56.4%) in winter, this rate decreased to 
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12.4% in summer. Vit D deficiency (<20 ng/mL) (sum 
of severe deficiency and deficiency groups) was ob-
served to reach a significantly high rate of 87.3% in 
winter. This rate decreased to 61.3% in summer. Con-
versely, the proportion of individuals with 'Normal' Vit 
D levels (>30 ng/mL) is only 4.4% in winter, reaching 
its highest value in summer (8.6%) and autumn (8.5%) 
(Table 5). 
 
Differences in Vitamin D Levels by Months 
      To conduct a more detailed analysis of seasonal 

effects, Vit D levels were compared over 12 months. 
The Kruskal-Wallis H test revealed a highly statisti-
cally significant difference in Vit D levels between 
months (H(11)= 3044.525, P<0.001). The monthly 
distribution of mean rank values indicates that Vit D 
levels exhibit a significant cycle throughout the year. 
Vit D levels were observed to reach their lowest levels 
in January (mean rank: 4828.42) and February (mean 
rank: 4939.42), to increase from March onward, and 
to reach their highest values in July (mean rank: 
10454.35) and September (mean rank: 10369.80). A 
significant decrease was observed again from October 
onward (Table 6). 
 
Prevalence of Vitamin D Deficiency by Months 
      The Kruskal-Wallis H test, performed to compare 
Vit D levels on a 12-month basis, revealed a highly 
statistically significant difference between months 
(H(11)= 3044.525, P<0.001). Chi-Square analysis, 
performed to evaluate the clinical reflection of this 
cycle, also confirmed a very strong relationship 
between the distribution of Vit D status and months 
(χ²(33) = 3155.455, P<0.001). According to monthly 
deficiency prevalences (Table 7): 
      •The 'Serious Deficiency' rate peaks in January 
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FIGURE 1. Scatter plot of the relationship between age and vitamin D levels by gender. 

!

!"#$%&E(&F98/3-.+97&9=&;.038.7&)&$*1*<+&@B&
2*3+97&
H'"6,36( M( <'"3(Q"3R(
S$3*'#( 6.4'1- #4'1"/4!"

H5#$3+( 6.6$&- !1$&"#1#"

H.77'#( 4.$1&- /5/&&"$5$"

/.*.73( 4./6/- $411"56%"

@%8'A"96B"990'$C$D&'#$%&'89#4$D&'#$'#"#0'#0E:$C1F3G$HIJH4HKLM$

;<=4==>4$!0NN&%&+#$'8O&%'E%0O#$9&##&%'$1"M$PM$EM$.3$0+.0E"#&$#("#$

"99$ Q%)8O'$ "%&$ '#"#0'#0E"99R$ '0Q+0N0E"+#9R$ .0NN&%&+#$ N%),$ &"E($

)#(&%$ "'$ "$ %&'89#$ )N$S)+N&%%)+06E)%%&E#&.$ O)'#6()E$ #&'#'$ 1"99$

;<=4==K34!



Eur Res J. 2026;12(6):650-658 Determinants of Pediatric Vitamin D Status

(65.5%) and February (59.7%), falling to its lowest 
level of 9.3% in July. 
      •The prevalence of overall Vit D deficiency is 
most critical in late winter and early spring. This rate 
reached its highest point of the year in February, af-
fecting 90.2% of participants. 
      •The lowest rate of 'normal' Vit D levels was ob-
served in February with 3.2%, while the highest was 
observed in September with 11.9%. 
 
 
DISCUSSION 
 
In this large-scale study of 15,981 pediatric partici-
pants, we found that Vit D deficiency is highly preva-
lent across all age groups, with only a small proportion 
of children achieving normal serum levels. Our find-

ings demonstrate the extent of the problem within a 
large hospital-based population, even if some of this 
pattern - especially the greater rates of deficiency in 
older children - is consistent with earlier reports. De-
spite regular supplementation regulations in many 
areas, the noticeably high early childhood insuffi-
ciency rate raises the possibility that present preven-
tive measures are either inadequate or inconsistently 
applied. Studies involving children aged 0-18 have re-
ported higher Vit D levels in the infant group, with lev-
els tending to decline with age [8, 9]. 
      The average Vit D levels were found to be 
16.24±13.06 ng/mL, with only 6.5% at normal levels 
and approximately 93.5% below the ideal level. This 
rate is quite high and demonstrates the prevalence of 
Vit D deficiency. One study reported that Vit D levels 
decrease with age, and the rate of deficiency increases 
[10]. It is noteworthy that the mean level in our data 
(approximately 16-17 ng/mL) was 30.5% in the severe 
deficiency group. While better levels were observed 
in areas where Vit D supplementation was adminis-
tered, particularly during infancy (<1 year of age), a 
decline was observed during the school-age period and 
in adolescents due to factors such as supplementation, 
nutritional deficiencies, and lack of sun exposure. Fur-
thermore, the gender gap is a frequently reported vari-
able in the literature, with many studies [8, 11] 
showing that deficiency is more prevalent in females. 
In our study, overall Vit D levels and the rate of "Se-
vere Deficiency" were found to be higher in girls. 
Contrary to our data, some reported studies have ob-
served higher Vit D levels in males [8, 12].  
      Spearman correlation analysis showed a statisti-
cally significant, weak, but negative correlation be-
tween age and serum Vit D levels. This suggests a 
general trend toward a decrease in Vit D levels with 
increasing age. Furthermore, the similar decrease ob-
served in both genders in scatterplots grouped by sex 
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suggests that this age-related relationship is independ-
ent of gender. A study of 1,510 children found a sig-
nificant negative correlation between Vit D levels and 
age [13]. According to our findings, the highest Vit D 
levels were seen in younger age groups, with levels 
decreasing significantly with age. One study reported 
that age, gender, and season all had significant main 
effects on Vit D levels, and that the combined effects 
of age and season were also significant [4]. Our find-
ings of higher severe deficiency rates in girls may in-
dicate behavioral, cultural, or physiological variables 
influencing sun exposure or supplementing adherence. 
Finding these sex-specific trends is therapeutically sig-
nificant since it could direct more specialized public 
health initiatives. 
      Our findings demonstrate a highly statistically sig-
nificant difference in Vit D levels across seasons. Pair-
wise comparisons using Mann-Whitney U tests with 
Bonferroni correction yielded a ranking of Summer > 
Autumn > Spring > Winter, with the highest levels ob-
served in summer and the lowest in winter. One study 
observed seasonal variation in 25(OH)D concentra-
tions in children and adolescents (aged 3-18), with the 
deficiency rate reaching as high as 80.4% in winter 
[14]. Indeed, this finding closely parallels ours (lowest 
in winter, highest in summer). A similar study noted 
that Vit D deficiency is quite common in children, with 
a particularly strong seasonal pattern among girls 
(aged 13-18). Levels increased significantly after sum-
mer, reflecting differences in sun exposure and time 
spent outdoors across countries, while levels de-
creased in winter and spring [15]. Therefore, our find-
ings suggest that the low levels between winter and 
spring may be due to a lack of sunlight and differences 
in supplementation/outdoor time. In this context, pub-
lic health policies should take seasonal changes into 
account, and supplementation and awareness pro-
grams should be developed for at-risk groups, 

particularly during the winter and spring periods. 
Overall, our findings not only confirm established pat-
terns but also contribute population-specific data that 
highlight critical periods (Winter-Spring), vulnerable 
subgroups (adolescents, girls), and gaps in current 
public health practices. These insights may support the 
development of more effective, regionally adapted 
supplementation and screening policies. 
      Our findings indicate highly significant differ-
ences in Vit D levels across months. The mean rank 
values follow a distinct cycle throughout the year, with 
lowest levels occurring in January and February and 
highest in July and September. This pattern suggests 
that Vit D synthesis is closely linked to seasonal and 
monthly variations in sunlight exposure. One study 
found that Vit D levels were lowest in March and high-
est in August and September in a group of children not 
receiving supplements [16]. Another study reported 
that Vit D concentrations were lowest in March-April 
and highest in August, and this seasonal difference was 
more pronounced, especially in individuals not using 
supplements [17]. These findings are consistent with 
the observed rise-and-fall data between the January-
February lows and the July-September highs in our 
study. In summary, our findings are generally consis-
tent with national and international literature and 
clearly demonstrate the existence of a monthly cycle. 
This points to the need for monthly public health mon-
itoring and/or precautions for months with a high per-
centage risk (e.g., an intensive information and 
reinforcement strategy during periods such as Janu-
ary-February). Furthermore, future analyses that in-
corporate additional variables such as sunlight 
intensity, UVB radiation levels, cloudiness, and time 
spent outdoors into this period would be beneficial.  
 
Strengths and Limitations  
      The strengths of this study include its large sample 
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size and detailed month-by-month analysis, which al-
lowed us to visualize the cyclical nature of Vit D levels 
across the year. However, several limitations must be 
acknowledged. First, the retrospective, hospital-based 
design may introduce selection bias. Children present-
ing to healthcare facilities may differ from the general 
population in health status. As a result, the prevalence 
of deficiency observed here may not fully reflect com-
munity-level data. Second, potential confounders such 
as dietary intake, sunlight exposure duration, clothing 
habits, and supplementation history were not recorded 
and may have affected Vit D levels. Future prospective 
studies incorporating lifestyle and environmental vari-
ables would provide a more comprehensive under-
standing of the determinants of Vit D status. 
 
 
CONCLUSION 
 
This study, using a large sample, thoroughly evaluated 
the distribution of Vit D levels in children, considering 
age, gender, and seasonal variables. Our findings re-
vealed that Vit D levels were below the ideal range in 
the majority of children, and that rates of severe defi-
ciency were higher than those reported in many studies 
in the literature. A significant decreasing trend in 
serum Vit D levels was observed with age. Further-
more, factors such as seasonal and monthly cycles, 
sunlight exposure, and lifestyle are among the deter-
minants of Vit D status in children. These data strongly 
support the notion that Vit D deficiency is a significant 
health problem at the population level, demonstrating 
that the risk is particularly pronounced in adolescents 
and girls during winter and spring. Therefore, national 
and international health policies should take seasonal 
variations into account and develop preventive strate-
gies during risk periods, along with regular Vit D sup-
plementation and widespread awareness programs in 
children.  
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