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Introduction
Vitamin D is an essential fat-soluble vitamin that plays 
a crucial role in regulating the balance of calcium and 
phosphorus levels in the body. Additionally, it plays a 
significant role in numerous physiological processes 
beyond the skeletal-muscular system.1,2 Vitamin D is 
predominantly obtained by the human body through the 
synthesis process that takes place when the skin is exposed 
to sunlight.3 The two most prevalent forms of vitamin D 
are D2 (ergocalciferol) and D3 (cholecalciferol). In the 

liver, both forms are converted into 25-hydroxy vitamin D 
(25(OH)D), which is the main type of this vitamin present 
in the bloodstream. This form is utilized to evaluate the 
vitamin D status of individuals.4 

Vitamin D deficiency can seriously affect different body 
systems and lead to numerous health problems. Vitamin D 
plays a crucial role in maintaining bone health by primarily 
supporting skeletal strength and regulating calcium 
balance. This essential function highlights its importance 
for overall bone health.5 Low vitamin D levels can lead 
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Abstract
Background: Vitamin D is a fat-soluble vitamin essential for various physiological functions. Its 
deficiency can lead to numerous health problems, making it a significant global health concern. 
However, limited data are available regarding its prevalence in East Azerbaijan province. This 
study aimed to assess the prevalence of vitamin D deficiency in this region and explore its 
association with demographic factors.
Methods: This cross-sectional study was conducted in the urban and rural areas of East Azarbaijan 
province in 2018. A total of 1500 households from Tabriz, Marand, Bonab, Osku, Varzeghan, 
and Khodaafarin were examined. The socio-demographic questionnaires were completed, 
and serum vitamin D levels were measured using the ELISA method. The relationship between 
vitamin D status and demographic factors was analyzed using SPSS. P values less than 0.05 were 
considered statistically significant.
Results: A total of 2816 individuals were investigated in the present study. Overall, more than 
76.9% of the participants exhibited varying degrees of vitamin D deficiency, with a significantly 
higher prevalence in rural areas (64.6%) compared to Tabriz city (37.7%) (P < 0.001). However, 
the age group between 35 and 45 years had the highest prevalence of vitamin D deficiency 
(84.2%). The prevalence of vitamin D deficiency in men and women was reported to be 40.6% 
and 61.9%, respectively (P = 0.01). No significant differences were found between single and 
married individuals (P > 0.05).
Conclusion: Vitamin D deficiency is significantly more prevalent in rural areas than in Tabriz 
city, with a higher incidence in women compared to men. Recognizing this issue is crucial for 
implementing preventive measures. Further studies are needed to confirm these findings and 
elucidate the underlying mechanisms.
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to less calcium absorption, poor bone mineralization, and 
a high risk of bone disorders such as rickets in children 
and osteomalacia in adults.6 Research shows that low 
vitamin D levels not only affect bone health but are 
also linked to various health issues encompassing bone 
metabolism, immune system function, cardiovascular 
diseases, metabolic processes, nervous functions, and 
even cancer treatment.7,8 Low vitamin D levels can weaken 
the immune system, making individuals more susceptible 
to infections, autoimmune diseases, and inflammatory 
conditions.9 Moreover, research underscores the crucial 
role of maintaining adequate vitamin D levels for optimal 
mental health and cognitive function. Insufficient levels of 
this essential vitamin are associated with various mental 
health issues, including mood disorders, Parkinson’s 
disease, and Alzheimer’s disease.10 The findings suggest 
that vitamin D is essential for maintaining cellular 
health and inhibiting the proliferation of cancerous 
cells. Consequently, a deficiency in this nutrient may 
be linked to the development of certain types of cancer. 
This underscores the vital role of vitamin D in regulating 
cellular growth, promoting programmed cell death, and 
enhancing antitumor responses.11

Certain populations, including pregnant women and 
the elderly, are especially vulnerable to a lack of vitamin 
D. In pregnant women, insufficient vitamin D can lead to 
adverse pregnancy outcomes.12 Among aging individuals, 
the lack of this vitamin can lead to various health 
complications, such as muscle weakness, an increased risk 
of falls, and fractures. Therefore, vitamin D deficiency has 
emerged as a critical public health challenge that affects 
populations worldwide.13 Investigative studies focused on 
epidemiological aspects conducted across several Middle 
Eastern nations corroborate this trend, revealing a notable 
prevalence of insufficient vitamin D levels among diverse 
demographic groups, including children, adolescents, 
adults, and the elderly. Notably, studies conducted in 
Saudi Arabia, Iran, and Jordan reported a high rate of 
vitamin D deficiency, with prevalence ranging from 30% 
to 90% among these populations.14,15 

This deficiency can arise from several factors such as 
insufficient exposure to sunlight, poor dietary habits, 
disorders that impair nutrient absorption, and specific 
population characteristics.13 Various demographic factors, 
including age, gender, geographic location, seasonal 
variations, skin pigmentation, and socio-demographic 
status, can significantly influence vitamin D levels in 
individuals.16,17

Recent research indicates that age-related changes can 
impact vitamin D levels in the body.18 Changes associated 
with aging affect the ability of the skin to synthesize 
vitamin D, making the elderly more susceptible to 
deficiency.19 Previous investigations have also noted 
gender-based differences in vitamin D levels. Some studies 
reported a higher prevalence of vitamin D deficiency 
among females.20 This difference may be due to factors 
such as clothing choices that limit sunlight exposure 

and hormonal influences on vitamin D metabolism.21-23 
Furthermore, the geographical latitude of an individual’s 
residence significantly influences the production of this 
nutrient, primarily due to variations in the intensity of 
sunlight and duration of the exposure.24

Furthermore, vitamin D deficiency is often linked to 
socio-demographic factors, encompassing education, 
income, and access to healthcare.25 Physiological factors, 
such as genetic variations and changes in vitamin D 
receptor genes, can influence the response of individuals 
to both sunlight exposure and dietary intake.26

Despite the importance of vitamin D, there is limited 
information about its deficiency in East Azerbaijan 
province. Therefore, the objective of this investigation was 
to evaluate the prevalence of various levels of vitamin D 
inadequacy in the population of East Azerbaijan province 
and to analyze its relationship with different demographic 
factors in 2018.

Methods
The present cross-sectional research was performed in 
2018, focusing on Tabriz city and its surrounding small 
towns. The investigation included 1500 households 
residing in Tabriz, Marand, Bonab, Osku, Varzeghan, 
and Khodaafarin, which were organized into 150 clusters, 
each consisting of 10 households. Samples in each city 
were selected based on common socio-demographic 
characteristics, distance from the central district, 
population density, and accessibility to healthcare 
facilities. The clusters were selected using established 
and reliable frameworks, including postal codes, census 
records, and telecommunications data. Additionally, 
information from reputable organizations, such as health 
centers and governorates, was incorporated into the 
process.

The participants included individuals between the ages 
of 15 and 64 who resided in both urban and rural regions 
of East Azerbaijan province. This research employed 
a multistage stratified cluster sampling method based 
on probability proportional to size (PPS), which led 
to the identification of 150 distinct clusters. Each unit 
in this sampling method was selected based on its size, 
with larger units having a higher probability of being 
chosen. In this approach, the selection of clusters was 
systematically aligned with the postal code designations, 
which undergo annual updates, facilitating a structured 
method for sampling. Each address within the framework 
was distinctly represented by its corresponding 10-digit 
postal code, allowing for precise identification and 
categorization. Clusters within urban areas were 
commonly made up of multiple blocks or sections, where 
buildings were typically interconnected, forming a unified 
architectural space.

Following the identification of the starting locations 
for each cluster, the participant registration and data 
collection processes were initiated. At least two individuals 
(one female and one male) from the eligible members of 
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each household were randomly selected for examination. 
Iranian citizens within the age range of 16-65 years, who 
had been part of the household for at least six months, 
were included in the study. Moreover, individuals with low 
alertness, confirmed mental illnesses, cognitive disorders, 
blindness, deafness, or speech disorders were excluded 
from the study. The process of registration began by 
selecting the first household in the designated cluster and 
extended to nearby residences until the required number 
of individuals was reached. The selection of consecutive 
households was determined by the spatial orientation of 
the structures, with a specific emphasis on the right-hand 
side of each building.

After consent was obtained from all participants, 
anthropometric measurements were recorded and 
socio-demographic data were collected. Additionally, 
a comprehensive questionnaire was utilized to gather 
essential data on variables such as age, gender, menopausal 
status, medical history, and medication use. Upon 
admission of the participants, fasting blood and urine 
samples were collected. Blood samples were centrifuged 
to obtain serum and stored at -20°C until analysis. The 
serum concentration of vitamin D was measured in 
535 subjects by the ELISA method. The ELISA method 
involved coating a microtiter plate with antibodies 
targeting 25-hydroxyvitamin D. Serum samples were 
added to the wells to allow binding. After washing, 
a secondary antibody was introduced, followed by a 
substrate solution to produce a color change. The optical 
density was measured at 450 nm to quantify vitamin D 
levels. Vitamin D concentrations were calculated based 
on a standard curve, with results interpreted according 
to established cut-off values for deficiency. Controls were 
included to ensure accuracy. Serum vitamin levels above 
30 nm/L were classified as normal, levels between 20 and 
30 nm/L were considered insufficient, and levels below 20 
nm/L were reported as deficient.

The data was analyzed using SPSS. In order to evaluate 
the distribution characteristics of the variables, various 
statistical methods were employed, including histograms, 
the Kolmogorov-Smirnov test, and the Chi-square test. 
Continuous variables were analyzed by calculating their 
means and standard deviations (SDs), while categorical 
variables were examined through the assessment of their 
proportions. Statistical comparisons between the groups 
were conducted utilizing either the independent t-test 
or the chi-square test. P values less than or equal to 0.05 
(P ≤ 0.05) were considered statistically significant.

Results
The demographic characteristics of the studied population 
are depicted in Table 1. A total of 2816 participants 
were included in the study. According to the findings of 
this investigation, 69.1% of individuals had obtained a 
diploma or an undergraduate degree. Moreover, 9.52% of 
participants were unemployed.

According to Table 2, about 76.9% of the participants 

displayed varying degrees of vitamin D insufficiency. 
Overall, the mean serum vitamin D level in our population 
was 24.4 ± 21.8 (min = 5, max = 222).

Table 3 shows the prevalence of vitamin D deficiency in 
Tabriz city and rural areas. As can be seen, the prevalence 
of normal vitamin D levels in Tabriz city (34.2%) was 
significantly higher compared to rural areas (Marand, 
Benab, Esko, Varzeghan, Khodaafarin, and the suburbs 
that surround them) (P = 0.001). 

As shown in Table 4, the prevalence of normal vitamin 
D levels in men was significantly higher than in women 
(P = 0.02).

According to Table 5, the age group of 35 and 45 years 
had the highest prevalence of vitamin D deficiency. In 
addition, as individuals approached the age of 45 years, a 
significant rise in the occurrence of vitamin D deficiency 
was observed, followed by a subsequent decrease. 
Moreover, no significant association was identified 
between marital status and vitamin D levels (Table 6).

Discussion 
Vitamin D Overview
Vitamin D is an essential nutrient that plays a pivotal 

Table 1. Demographic Characteristics of the Studied Population

Number (Total = 2816) Percent

Age

15-25 191 6.8

25-35 577 20.5

35-45 851 30.2

45-55 670 23.8

55-65 527 18.7

Gender

Men 1367 48.5

Marital status

Married 2458 87.3

Location

Tabriz city 1369 48.6

Other cities 1447 51.4

Education

Illiterate 366 13.0

Diploma or undergraduate 1947 69.1

College 503 17.8

Job

Unemployed 1490 52.9

Employed 1152 40.9

Student 174 6.2

Table 2. Prevalence of Vitamin D Deficiency in Population of East Azarbaijan 
Province in 2018

Vitamin D Status Prevalence (%) Number

Normal serum 25(OH) D3 24.1 124

Insufficient serum 25(OH) D3 24.7 127

25(OH) D3 deficiency 51.2 284
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role in maintaining overall health and contributes to the 
proper functioning of various cells and tissues in the body. 
Vitamin D plays a crucial role in maintaining the health 
of bone, muscle, heart, brain, immune system, and other 
organs of the body.27 Vitamin D functions as a hormone 
that regulates the activity of cells and tissues.28 Numerous 
studies demonstrate the significant performance of 
vitamin D in facilitating the absorption of calcium and 
phosphorus, which are essential for optimal bone health.29 
Furthermore, recent studies have demonstrated that this 
essential nutrient possesses the ability to prevent several 
immune system-related disorders by modulating the 
activity of immune cells.30 This vitamin can be obtained 
through dietary sources or synthesized by the body upon 
exposure to sunlight.31 Insufficient levels of vitamin D can 
disrupt numerous health-related processes and increase 
the risk of both infectious and non-infectious diseases.32 

The Widespread Occurrence of Vitamin D Deficiency
The outcomes of the present research showed that 
approximately 76.9% of the participants displayed 
various levels of vitamin D deficiency. The prevalence of 
vitamin D deficiency in other cities of the province was 
significantly higher than in Tabriz city. 

Reports indicate that more than 1 billion individuals 
worldwide are affected by vitamin D deficiency.33 In many 
countries, the prevalence of this deficiency is notably high 
among adults and children. A recent study conducted in 
the United States, which included a considerable sample 
size, indicated that more than 42% of adults in this country 
had deficient levels of vitamin D.34

According to reports, the prevalence of vitamin D 

deficiency among adults ranges from 14% to 59%, with 
higher rates observed in Asian countries.35 El-Khateeb 
et al reported that 89.7% of the Jordanian population 
experienced this deficiency.36 Duarte et al reported that 
66.6% of the Portuguese population was affected by 
vitamin D deficiency.37 Furthermore, studies assessing 
vitamin D deficiency in Saudi Arabia and Iraq reported 
prevalence rates of 60.2% and 74.3%, respectively.38,39 
Likewise, Siddiqee et al reported a deficiency rate of 68% 
in South Asia.40 Additionally, research conducted in the 
provinces of Isfahan and Birjand, both known for their 
sunny weather in Iran, found prevalence rates of 50.8% 
and 26%, respectively.35,41 Moreover, a multicenter study 
by Farhud et al revealed that West Azerbaijan province 
had the highest deficiency rate (33.24%), while North 
Khorasan province had the lowest rate (14.46%).42

Demographic Insights
Similar to the results of the present study, a recent 
multicenter cross-sectional study demonstrated that the 
prevalence of vitamin D deficiency among women in their 
reproductive age exceeded 85%.43 Moreover, the meta-
analysis conducted by Vatandost et al, which included 
26042 patients, found that 64% of women and 44% of 
men suffered from vitamin D deficiency. This study 
highlights the necessity for further exploration of the 
causes and factors contributing to this deficiency, as well 
as appropriate compensatory measures.20 The elevated 
prevalence of vitamin D insufficiency among women can 
be attributed to various factors, including the social laws, 
cultural beliefs, and traditional practices prevalent in the 
region.44 Moreover, studies have indicated that the fear of 
skin cancer has led to the widespread use of sunscreen.45 

Living in apartments, driven by population growth and 
the desire to reside in urban areas, is another factor that 
restricts sun exposure in Iran and contributes to the high 
prevalence of vitamin D deficiency.46

Contrary to the results reported by Khalfa et al, which 
suggested that unmarried women exhibit notably reduced 
serum vitamin D concentrations compared to their 
married counterparts,47 the present study revealed no 

Table 3. Prevalence of Vitamin D Deficiency in Tabriz City and Rural Areas in 2018

Vitamin D Status Tabriz City Other Cities P Value* 95% Confidence Interval

Normal serum 25(OH) D3 (%, number) 34.2%, 91 14.2%, 31 0.001 0.000-0.005

Insufficient serum 25(OH) D3 (%, number) 28.1%, 69 21.1%, 58 0.12 0.099-0.151

25(OH) D3 deficiency (%, number) 37.7%, 97 64.6%, 186 0.001 0.000-0.005

* Chi-squared test

Table 4. Gender Distribution of Vitamin D Deficiency in East Azarbaijan Province in 2018

Vitamin D Status Men Women P Value* 95% Confidence Interval

Normal serum 25(OH) D3 (%, number) 28.3%, 62 19.7%, 62 0.02 0.01-0.02

Insufficient serum 25(OH) D3 (%, number) 31.1%, 68 18.4%, 58 0.001 0.000-0.005

25(OH) D3 deficiency (%, number) 40.6%, 82 61.9%, 192 0.001 0.000-0.005

* Chi-squared test

Table 5. Age Distribution of Vitamin D Deficiency in East Azarbaijan 
Province in 2018

Age Groups (y)
Serum vitamin D3 Level Lower Than 

Normal Range (%, number)

15-25 76.0, 19

25-35 77.0, 57

35-45 84.2, 112

45-55 79.2, 118

55-65 69.4, 84
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substantial association between these two variables.

Aging and Vitamin D Deficiency
Based on the results of this study, the age group of 35-45 
years had the highest prevalence of vitamin D deficiency. 
In a similar manner, the findings of investigations 
conducted in diverse regions of Iran and among different 
age groups demonstrated a considerable rate of vitamin 
D insufficiency. As individuals grow older, the ability of 
their body to produce and absorb vitamin D diminishes. 
Therefore, this situation creates major concerns regarding 
vitamin D deficiency among the aging population.48 
Indeed, the natural process of aging results in alterations 
in the synthesis and metabolism of vitamin D, which are 
significantly affected by factors including limited access to 
sunlight and a diminished capacity of the skin to produce 
the vitamin. Consequently, these age-related changes can 
have detrimental effects on skeletal health, resulting in 
issues such as reduced bone density, osteomalacia, and an 
increased susceptibility to fractures.49

According to the research conducted by Hovsepian et al, 
adults residing in Isfahan, despite being located in central 
Iran, grapple with significant vitamin D deficiency (50.8% 
for deficiency and 19.6% for insufficiency). Furthermore, 
it has been observed that these rates are even higher 
among younger individuals. It is important to highlight 
that the prevalence of vitamin D deficiency in this study 
showed no significant variation between genders, which 
contrasts with the results of our study.35 Moreover, the 
results of a study conducted in Tehran by Hashemipour 
et al indicated that the rates of severe, moderate, and mild 
vitamin D deficiency among individuals aged 20 to 64 
years were 9.5%, 57.6%, and 14.2%, respectively.50 

 
Dietary Habits and Deficiency
The most natural way to get enough vitamin D is 
sunlight exposure. Additionally, numerous food sources 
(especially animal-derived foods) also contain this vital 
nutrient. Studies show that poor dietary habits can lead 
to vitamin D deficiency in many societies.51 For instance, 
the avoidance of fish and other vitamin D-rich foods is 
common among many individuals worldwide.52 Various 
dietary choices can affect the risk of insufficient vitamin D 
levels in the population of East Azarbaijan. The traditional 
dietary practices in this region often lack sufficient 
vitamin D-rich foods, such as fatty fish and fortified 
dairy products. This situation has led to a decrease in the 
serum concentration of this vitamin among residents. 
Furthermore, the geographical location also contributes 

to limited sunlight exposure, particularly during the 
winter months, which exacerbates the deficiency.53 
Therefore, improving dietary habits through education 
and encouraging the consumption of vitamin D-rich 
foods are vital steps in addressing vitamin D deficiency in 
East Azarbaijan.54 

Socio-demographic Factors
The present research indicated that 52.9% (1490 
individuals) of the examined population was unemployed. 
Studies showed that unemployed individuals generally had 
significantly lower serum levels of vitamin D compared 
to their employed counterparts, primarily due to reduced 
exposure to sunlight.36 Bazzano et al found that 65.5% of 
their study population was unemployed.55 Furthermore, 
another study revealed that among employed individuals, 
those working in indoor environments tended to have 
lower serum vitamin D levels than those who worked 
outdoors.56

Study Limitations and Strength
First, because of its cross-sectional design, we cannot 
conclude cause and effect relationships. Second, the 
single measurement of 25(OH) D does not necessarily 
indicate the vitamin D status of the population for the 
entire year. The strength of this study is the use of a large 
representative sample of participants. 

Conclusion
The findings of the current research indicate that around 
76.9% of the population in urban and rural areas of 
East Azarbaijan province suffer from varying degrees of 
vitamin D deficiency. Moreover, the prevalence of vitamin 
D deficiency in rural areas was significantly higher than 
in Tabriz city. Furthermore, women demonstrated a 
significantly higher prevalence of vitamin D deficiency 
compared to men. Additional prospective studies are 
needed to confirm the findings of this study and also 
elucidate the underlying mechanisms.
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Table 6. Association between Vitamin D Levels and Marital Status in the Studied Population of East Azarbaijan Province in 2018

Vitamin D Status Single Married P Value* 95% Confidence Interval

Normal serum 25(OH) D3 (%, number) 24.3%, 12 24%, 112 0.865 0.838-0.892

Insufficient serum 25(OH) D3 (%, number) 25.7%, 9 23.8%,118 0.478 0.438-0.518

25(OH) D3 deficiency (%, number) 49.2%, 27 52.5%, 257 0.660 0.622-0.698

* Chi-squared test
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