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Abstract
Aim: In our study, we aimed to determine the frequency of vitamin D deficiency by examining vitamin D levels in children, adults, and geriatric groups and to 
examine vitamin D levels according to gender, months, seasons, and years.
Materials and Methods: The study included 150,068 patients who applied to Muğla Sıtkı Koçman University University Training and Research Hospital 
polyclinics between April 2016 and December 2020. Only the initial results of patients whose 25-Hydroxy Vitamin D levels were measured more than once were 
evaluated. Four groups were formed as 0-4 years, 5-17 years old, adults (18-65 years old) and over 65 years old and were evaluated separately.
Results: Considering all age groups, vitamin D deficiency decreased to a minimum level of 3.5% in September and increased to 22.2% in February. When the 
summer months are compared with winter months for all age groups,  an average of 23% decrease in vitamin D deficiency is observed. In the 0-4 age group, 
vitamin D deficiency was found to be 1.5% in men, 3% in women, and vitamin D insufficiency was 18% in men and 17.8% in women. In the children (5-17 years 
old) group, vitamin D deficiency was found to be 38.8% in men and 58.5% in women. In the age group over 65, vitamin D deficiency was found to be 15.3% in 
men, 20.8% in women, and vitamin D deficiency was 34.9% in men and 29.4% in women.
Discussion: Vitamin D deficiency is an important problem that needs to be addressed. This situation is not only a public health problem, but also a pandemic 
situation. In order to improve the increasing prevalence of vitamin D deficiency, it is important to adopt this situation as an important public problem through 
health policies to be implemented by national-international institutions, to increase UVB exposure, vitamin D use and public interest.
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Introduction
Despite advances in medicine, vitamin D deficiency is still a global 
health problem. According to the World Health Organization, 
more than one billion people worldwide suffer from vitamin D 
deficiency [1,2]. In North America, approximately one-third of 
the population is considered vitamin D deficient, while in Europe 
approximately 80% of the population is deficient in vitamin D. 
The groups most affected by this condition are infants and 
children, persons over the age of 65, pregnant women, and 
people with dark skin [3,4]. Studies conducted in Turkey also 
show that the prevalence of vitamin D deficiency is high [13, 
14].
Vitamin D is a hormone-like substance produced in the body. The 
classical role of vitamin D is to regulate calcium homeostasis 
and blood pressure regulation [5]. However, vitamin D is a 
vital component of our immune system [6,7]. It also plays 
an important role in regulating diseases of the endocrine 
system. It is estimated that about 3% of the human genome is 
regulated by the vitamin D endocrine system. It is known that 
hundreds of genes function by regulating their activities [7]. 
According to current research, vitamin D deficiency plays a role 
in the pathogenesis of many cancer types such as breast, colon, 
and prostate cancer. It has also been associated with some 
neurodegenerative diseases such as stroke, arthritis, diabetes, 
depression, heart disease, auto-immune, and Alzheimer’s 
disease [6-9].
Although vitamin D can be obtained from dietary products such 
as fish, eggs, and dairy products, most people produce vitamin 
D by synthesis of UVB rays through the skin. This process is 
very effective in the production of vitamin D  [10]. Between 
May and November, regular exposure to the sun is important to 
obtain vitamin D synthesis. When the whole body is exposed to 
sunlight for at least 10 minutes, the minimum dose of vitamin 
D (MED) is produced in the skin [1]. While sun exposure provides 
about 3000 IU of vitamin D, it’s important to remember that the 
concentration needed is different for different skin types. This 
process and amount are affected by factors such as time of day, 
latitude, air pollution, skin color, obesity, clothing is worn, and 
genetic and physiological differences. The increase in the use 
of high-tech cosmetic products that protect against ultraviolet 
radiation is one of the important factors that prevent vitamin 
D synthesis [3,11,12].
The amount of vitamin D in serum is usually determined by 
measuring  25-hydroxy vitamin D, which indicates the body’s 
storage status. However, the reference values for vitamin D 
deficiency and insufficiency are still controversial, and there is 
no international consensus on this issue [13,14]. US Institute 
of Medicine, US Endocrine Society Guidelines, Mayo Clinic, 
and Turkish Society of Endocrinology and Metabolism (TEMD) 
guides offer different recommendations on this subject [13-15].
In our study, we aimed to determine the frequency of vitamin D 
deficiency by examining vitamin D levels in children, adults, and 
geriatric groups according to the recommendations in TEMD’s 
Practice Guide, and to examine vitamin D levels according to 
gender, months, seasons and years.
Statistical Analysis
Data were analyzed using the open-source statistical software 
Jamovi (version 2.2.5.0, Sydney, Australia). Descriptive statistics 

were given as frequency and percentage for categorical 
variables, and median and interquartile range (IQR) for 
numerical variables. Conformity of continuous variables 
to normal distribution was checked with the Shapiro-Wilk 
test. Since the numerical variables did not meet the normal 
distribution condition, comparison of the two independent 
groups was made using the Mann-Whitney U test. The 
relationship between numerical variables were examined 
using Spearman’s correlation analysis as they did not meet 
the parametric test conditions. Statistical significance level 
p < 0.05 was considered significant.

Materials and Methods
The study included 150,068 patients who applied to Muğla Sıtkı 
Koçman University Training and Research Hospital polyclinics 
between April 1, 2016 and December 31, 2020 whose 
25-Hydroxy Vitamin D levels were checked for any reason. Only 
the initial results of patients whose 25-Hydroxy Vitamin D levels 

Figure 2. Demographic characteristics and vit d distribution by 
gender box-plot and age-gender box-plot

Figure 3. Comparison of 25-Hydroxy Vitamin D deficiency and 
insufficiency rates by month for all years

Figure 1. Average 25-Hydroxy Vitamin D levels and age 
distribution of all participants
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were measured more than once were evaluated. Therefore, 397 
patients were excluded from the study and 149,671 patient 
results were evaluated.
The pediatric, adult and geriatric groups were evaluated 
separately, considering that the pediatric group aged 0-4 
years and the intensively recommended and used vitamin 
D supplements after the age of 65 may affect the results. 
As recommended in TEMD’s Application Guide, values below 
10 ng/ml (25 nmol/L) indicate vitamin D deficiency and values 
between 10 ng/ml-19.9 ng/ml (25-50 nmol/L) indicate vitamin 
D insufficiency and 20 ng/ml (values above 50 nmol/L) were 
considered normal vitamin D levels. Values above 100 ng/ml 
were not included in the study.
25-OH Vitamin D levels were measured with the “Microparticle 
Enzyme Immunoassay Method” in a Cobas 601 device (Roche 
Diagnostic, Germany). 
Ethical Approval
All procedures were carried out in accordance with the ethical 
standards of the Declaration of Helsinki. This study was 
approved by the Ethics Committee of the Muğla Sıtkı Koçman 
University Science (Date: 2021-09-14, No: 203)

Results
Demographic characteristics of the patients are presented 
in Supplementary Table S1, Figure 1, and Figure 2. Measured 
25-Hydroxy Vitamin D levels were between a minimum of 3 
ng/ml and a maximum of 100 ng/ml. Values above 100 ng/ml 
were not included in the study. The ages of the patients ranged 
from 0 to 104 years (Supplementary Table S2). A statistically 
significant difference was found in Vitamin D levels between all 
years, except for the years 2016-2020 (p < 0.001).
There was no statistical difference between the ages according 
to gender (p > 0.05). A significant difference was found between 
Vitamin D levels according to gender (p < 0.05).
A positive correlation was found between age and vitamin D 
deficiency (rho: 0.013, p < 0.001).

Discussion
In this study, the prevalence of vitamin D deficiency and 
insufficiency in Muğla was evaluated according to age, gender, 
season, and years.
In our study, a large population of 149,671 people were 
selected and divided into four groups so that the 0-4 age group 
and the age group over 65 who are recommended vitamin D 
replacement do not lead to biased results. Vitamin D cutoff 
points were determined according to TEMD criteria and four 
groups were formed:  0-4 years old, children (5-17 years old), 
adults, and over 65 years old [15]. In this way, it was aimed to 
contribute to studies on vitamin D deficiency.
According to the results we obtained, considering all age 
groups, vitamin D deficiency decreased to a minimum level of 
3.5% in September and increased to 22.2% in February. It was 
determined that vitamin D insufficiency decreased to minimum 
levels of 25.4% in September and increased to 44% in April. 
Studies have reported that vitamin D deficiency ranges from  
46 to 80% in Turkey [16]. In a study conducted by Hekimsoy 
et al. in the Aegean region in 2010, it was reported that there 
was 74.9% vitamin D deficiency and 13.8% insufficiency [17]. 

Doğan et al. investigated vitamin D deficiency in the pediatric 
group in Izmir in 2015 and reported that vitamin D deficiency 
and insufficiency were 61% in the related study. While these 
rates increase up to 80% in American and European countries, 
it is stated that prevalence has increased in the last 20 years, 
especially in northern European countries [13,14].
According to our results, when the 0-4 age group is taken into 
account, vitamin D deficiency and insufficiency are around 
20%, and vitamin D deficiency is the least common group in 
the whole population. However, current studies have repeatedly 
shown that vitamin D is of vital importance for the development 
and immune system of children. Vitamin D deficiency and 
insufficiency are around 50% (Male: 51.1%, Female: 51.2%) in 
the age group over 65, which is one of the most important risk 
groups in which vitamin D replacement is common [3,4]. 
And it was found to be the group with the highest values in the 
population. These values include a great risk for the 0-4 age 
group and the age group over 65. In the Middle East, despite 
the abundance of vitamin D, the region has the highest rate 
of hypovitaminosis D worldwide and cases of rickets are very 
common [2,3]. Vitamin D deficiency, which can lead to different 
effects in different life stages, is caused by UVB exposure and D 
exposure in terms of osteoporosis and osteomalacia, especially 
in the geriatric group. Removal of vitamin D with replacement 
is of vital importance [18,19].
Vitamin D deficiency and insufficiency in our child group (5-17 
years old)  have great differences according to gender. While 
it was 38.8% in men, it was determined as 58.5% in women. 
There is a difference of approximately 50% by gender. When 
vitamin D deficiency and vitamin D insufficiency are evaluated 
seperately, it is seen that the majority of this difference is 
vitamin D deficiency.
Vitamin D deficiency in the adult group between the ages of 
18-65, which we examined in more detail, includes serious 
differences according to gender. When the prevalence of 
vitamin D deficiency was examined according to TEMD criteria, 
it was determined to be 7% in men and 14.5% in women, while 
vitamin D deficiency was found to be 36% in men and 38.7% 
in women [15]. However, based on the practice guidelines of 
institutions such as the US Endocrine Society, the US Geriatrics 
Osteoporosis Society, and the Mayo Clinic, the rate of vitamin 
D deficiency is found to be 43.1% in men and 53.2% in women 
[13-15]. Likewise, vitamin D deficiency in the over 65 age group 
is 50.1% in men and 50.2% in women.
Considering all age groups, an increasing vitamin D deficiency 
with age has been detected. It is observed that there is an 
average of 23% decrease in vitamin D deficiency in summer 
months for all age groups when compared to winter months 
(Supplementary Table S3, Figure 3).
Considering all years, although the median values seem to be 
very close to each other, a statistically significant difference 
for risky groups, when the tests performed over the years are 
examined retrospectively, we obtained results similar to those 
obtained in studies conducted in the world and in Turkey [14, 
15].
As a result, although different rates of vitamin D deficiency 
are obtained in different geographies, different populations, or 
similar populations with similar geographical conditions, there 
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are common causes in all geographies. These are the reasons 
such as the increase in spending time indoors in the modern 
world, the increase in cosmetic products used, the clothing 
habits that can change according to cultural norms, economic 
conditions that may prevent regular nutrition, reasons such as 
obesity, insufficient information about vitamin D deficiency, the 
indifference of the public or the insufficient work of national 
institutions. We believe that this epidemic may have important 
common factors [4]. Although the Mugla region is one of the 
regions that receive the most sunlight in all seasons in Turkey, 
we believe that the same reasons are at the root of vitamin D 
deficiency.
Limitations
Genetic, physiological differences, body composition, and 
metabolic differences of patients in the population were not 
taken into account.
Conclusion
In conclusion, Vitamin D deficiency is an important problem that 
needs to be addressed. This situation is not only a public health 
problem-, but also a global disease situation [20]. In order to 
improve the increasing prevalence of vitamin D deficiency, 
it is important to adopt this situation as an important public 
problem by the health policies to be implemented by national-
international institutions, to increase UVB exposure, vitamin D 
use, and public interest.
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