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Abstract 
Background: Recent studies have reported different prevalence of vitamin D deficiency in different sex and age groups in 
developing countries. In the present survey, we elucidated the prevalence of vitamin D deficiency in a multi-center study 
among Iranian population.   
Methods: In a random cluster sample of healthy men and women (ranged 20 to 69 years old), a number of 5232 subjects 
from five urban metropolitans’ cities (Tehran, Tabriz, Mashhad, Shiraz and Booshehr) were recruited in 2001. Fasting blood 
sample was taken from participants and sent to the laboratory for measurement of 25-hydroxy vitamin D level. Meta-analy-
sis was performed using fixed effect method for estimation of vitamin D deficiency prevalence in a national level.       
Results: Moderate to severe vitamin D deficiency was estimated in urban areas (except for Booshehr because of its 
heterogeneity) equal to 47.2, 45.7 and 44.2% in age groups of <50, 50-60 and 60≤ years, respectively among men and 54.2, 
41.2 and 37.5 percent among women in the same age groups. The highest prevalence of moderate to severe vitamin D defi-
ciency in men was observed in Tehran. Mashhad and Booshehr had also the lowest prevalence of moderate to severe vita-
min D deficiency among men and women.  
Conclusion: Iran is a country with high prevalence of moderate to severe vitamin D deficiency and the prevalence of this 
deficiency is more evident in Tehran, capital of Iran. Therefore, consideration of main predictors for vitamin D deficiency in 
all age groups especially in Tehran is recommended.     
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Introduction 
Vitamin D has an important role in bone devel-
opment and muscle function. It also facilitates 
absorption of calcium and phosphate from the 
gut and kidney, suppresses parathyroid hormone 
(PTH), and acts on osteoblasts to stimulate bone 
formation. Thus, its deficiency is not only a strong 
predictor of bone metabolism disturbances, but 
is also an independent predictor of risk for can-
cer and other chronic diseases (1). Vitamin D 
deficiency is defined as serum 25-Hydroxy vi-
tamin D lower than 25 nmol/l (2). 

Several studies carried out within the two previ-
ous decades have shown a high prevalence of 
vitamin D deficiency in tropical countries such 
as China, Turkey, India, Iran and Saudi Arabia 
and estimated its prevalence between 30% and 
93% (3-11). Although the role of some factors 
such as different exposure to sunshine, low die-
tary intake of vitamin D and low consumption of 
supplements has been confirmed as the main ca-
uses of this deficiency in these countries (12), 
the majority of the recent studies have reported 
different prevalence of vitamin D deficiency in dif-
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ferent sex and age groups especially in devel-
oping countries. Furthermore, for the estimation 
of the prevalence of vitamin D deficiency, most of 
the studies were limited to a small sample size or 
assessed a specific age group (especially elderly) 
(13).  
In the present study, we planned to elucidate the 
prevalence of vitamin D deficiency in a multi-cen-
ter study among Iranian population with a large 
sample size.   

 
Material and Methods  
Study design and population  
Using a random cluster sample of apparently heal-
thy men and women (ranged 20 to 69 yr old), 
this multi-centric cross-sectional study was car-
ried out for the estimation of vitamin D deficiency 
and prevalence of osteoporosis among Iranian 
population (IMOS-Iranian Multi-centric Osteo-
porosis Study) in late winter of 2001 (February-
March). A number of 6032 subjects were in-
vited among urban areas of five great cities with 
different climates (Tehran, Tabriz, Mashhad, Shi-
raz and Booshehr) (Table 1& Fig. 1) that among 
them, 5369 subjects participated in this study 
(response rate was 89%). These subjects were 
categorized to three age groups (<50, 50-60 and 
60≤ yr old). For selection of clusters in each 
city, the data of the first labor in the entire pri-
vate and general hospitals were recorded, as-
suming that referral pattern and distribution of 
labors were randomly dispensed. Among these, 
50 women who were admitted to these hospitals 
were selected. The women’s addresses were found 
and the neighborhood’s were met with a specific 
method, which was choosing one person in each 
house around the first selected address, in a clock-
wise manner. According to self reporting, cases 
with the history of rheumatoid arthritis, thyroid 
or parathyroid disorders, adrenal insufficiency, 
renal failure, heart failure, bone metabolic dis-
orders, diabetes mellitus type I, sterility, olighome-
nnuria, malignancies, malabsorption, immobility 
for more than one week, pregnancy or alcoholism 
were all excluded. In addition, subjects with the 

history of using drugs and other substances that 
could affect bone metabolism were excluded from 
the study. Finally, 137 cases were excluded and 
other 5232 cases were eligible to participate in 
the study.   
The study protocol was approved by the re-
search ethics committee of Endocrinology and 
Metabolism Research Center (EMRC) of Tehran 
University of Medical Sciences (TUMS) and in-
formed consents were obtained from all partici-
pants.  
Measurements  
One fasting venous blood sample (10 mL) was 
taken from each participant in his/her place of 
residence. Sample centrifuge and serum extrac-
tion were done in the field. Then samples were 
sent to the laboratory of Endocrinology and Me-
tabolism Research Center of TUMS and were 
frozen immediately. 25-hydroxy vitamin D level 
was measured with RIA (Radio-Immuno-Assay) 
method (Biosource Europes.A,Ò). Inter-assay and 
Intra-assay for 25-hydroxy vitamin D were 8.2% 
and 5.3%, respectively. 25-hydroxy vitamin D 
level ≤12.5 nmol/l was considered as severe vi-
tamin D deficiency and between 12.5 nmol/l and 
25 nmol/l was considered as moderate deficiency 
(2). 
Statistical analysis  
Measured data have been entered to Microsoft 
Access Databank, checked, and cleaned before 
analysis. Data analysis has been performed using 
STATA version 9/SE statistical software. Survey 
analysis was used for estimation of vitamin D de-
ficiency prevalence in each city and in different 
sex and age groups considering the sampling 
method. Indirect standardized prevalence of dif-
ferent levels in vitamin D deficiency was calcu-
lated for each city according to sex and age 
distribution of 2006 national census data (Ira-
nian Statistical Center). Meta-analysis was per-
formed using fixed effect method for estimation 
of vitamin D deficiency prevalence in a national 
level. Heterogeneity analysis showed that vita-
min D deficiency rates for Booshehr were het-
erogenic with other four metropolitans’ rates (P 
for heterogeneity= 0.000). Therefore, meta-analy-
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sis was performed for summarizing the rates of 
other urban areas except Booshehr.  
 
Results  
Vitamin D deficiency and its severity in differ-
ent age and sex groups in five studied metro-
politans are shown in Table 2 and 3. In both sex 
groups, almost half of subjects suffered from 
moderate to severe vitamin D deficiency.  
Among five great cities, the highest prevalence 
of moderate to severe vitamin D deficiency in 
men was observed in Tehran and Mashhad in 
different age groups. So that, its prevalence in 
Tehran among subjects less than 50 yr old and 
more than 60 yr old in this great metropolitan 
was 66.0% and 60.2%, respectively. Moreover, 
its prevalence among male subjects aged 
between 50 and 60 yr old was 58.5%. Booshehr 
had the lowest prevalence of moderate to severe 
vitamin D deficiency among men that its preva-
lence in above three age groups was 16.7%, 8.5% 
and 21%, respectively. These rates for Booshehr 
were statistically different with other studied ur-
ban areas (P= 0.000) (Table 2).   

Vitamin D deficiency and its severity in women in 
five great cities are summarized in Table 3. Among 
selected cities, the lowest prevalence of moder-
ate to severe vitamin D deficiency among women 
in three age groups was reported in Booshehr 
(33.1%, 24.4% and 20.5%, respectively). In 
women less than 50 yr old and between 50 and 
60 yr old, the highest prevalence of moderate to 
severe vitamin D deficiency was reported in Te-
hran, 73.7% and 51.4%, respectively, whereas, in 
women > 60 yr old, its prevalence was the high-
est in Mashhad city (61.3%). Among female sub-
jects, the moderate to severe deficiency rates 
for Booshehr were statistically different with other 
studied urban areas too (P= 0.000).   
Point estimations and their 95% confidence inter-
vals (CI95%) on vitamin D deficiency frequency 
and its severity in different sex and age groups 
in studied metropolitans except Booshehr (Tabriz, 
Tehran, Mashhad and Shiraz) are summarized 
in Table 4. There was no statistically significant 
difference between vitamin D deficiency estima-
tions of two genders among age groups (P <50, 
50-60 and >60 yr old age groups were 0.396, 
0.568 and 0.388, respectively).  

 
Fig. 1: Coverage map of five metropolitans selected for the study 
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Table 1: Geographical and meteorological characteristics of five metropolitans selected for the study 
 

 Latitude Longitude Elevate(m) Mean Temperature (Cº ) Sunny Hours/Year 
Tabriz 38.0’ N 46.0’ E 1361 13.5 2918 
Tehran 36.0’ N 51.0’ E 1190 18.5 3022 
Mashhad 36.0’ N 60.0’ E 999 15.5 2958 
Shiraz 29.5’ N 52.5’ E 1481 18.9 3432 
Booshehr 29.0’ N 51.0’ E 19 25.3 3117 

- N=North; E=East 
Table 2: Vitamin D deficiency and its severity in men in five great cities 

 

City  Severe deficiency 
(vit D ≤ 12.5) 

Moderate deficiency 
(12.5<vit D ≤ 25) 

Mild deficiency 
(25<vitamin D ≤ 35) 

Normal 
(35.1<vit D ≤ 150) 

< 50 years old     
Tabriz  3.1 36.8 31.0 29.1 
Tehran  3.2 62.8 21.0 13.0 
Mashhad  8.3 37.6 27.8 26.3 
Shiraz  3.3 38.4 28.9 29.4 
Booshehr  0.6 16.1 24.7 58.6 

50 – 60 years old     
Tabriz  5.5 41.8 26.3 26.4 
Tehran  4.7 52.9 28.2 14.2 
Mashhad  9.4 49.1 13.2 28.3 
Shiraz  2.6 26.3 22.4 48.7 
Booshehr  0.0 8.5 28.2 63.3 

> 60 years old     
Tabriz  5.1 38.5 25.6 30.8 
Tehran  2.7 57.5 20.5 19.3 
Mashhad  3.6 46.4 25.0 25.0 
Shiraz  3.0 25.4 14.9 56.7 
Booshehr  4.7 16.3 20.9 58.1 

- Data are presented as frequency percent (%) in each age group  
- Cut-off values units are nmol/L  

 
Table 3: Vitamin D deficiency and its severity in women in five great cities 

 

City  Severe deficiency 
(vit D ≤ 12.5) 

Moderate deficiency 
(12.5<vit D ≤ 25) 

Mild deficiency 
(25<vitamin D ≤ 35) 

Normal 
(35.1<vit D ≤ 150) 

< 50 years old     
Tabriz  10.6 49.8 16.6 23.0 
Tehran  15.4 58.3 8.6 17.7 
Mashhad  6.9 37.5 22.1 33.5 
Shiraz  3.0 43.0 27.4 26.6 
Booshehr  0.3 32.8 29.9 37.0 

50 – 60 years old     
Tabriz  4.9 32.9 20.7 41.5 
Tehran  5.6 45.8 8.4 40.2 
Mashhad  4.0 37.4 21.2 37.4 
Shiraz  4.4 29.7 25.3 40.6 
Booshehr  1.4 23.0 31.1 44.5 

> 60 years old     
Tabriz  1.6 35.9 6.3 56.2 
Tehran  5.1 39.0 10.2 45.7 
Mashhad  3.2 58.1 12.9 25.8 
Shiraz  1.4 25.7 6.8 66.1 
Booshehr  0.0 20.5 28.2 51.3 

- Data are presented as frequency percent (%) in each age group 
- Cut-off values units are nmol/L  
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Table 4: Estimations of Vitamin D deficiency and its severity in different sex and age groups in four urban areas except 
Booshehr 

 

Age groups Severe deficiency 
(vit D ≤ 12.5) (CI95%) 

Moderate deficiency 
(12.5<vit D ≤ 25) 

(CI95%) 

Mild deficiency 
(25<vitamin D ≤ 35) 

(CI95%) 

Normal 
(35.1<vit D ≤ 150) 

(CI95%) 
< 50 years old     

Men  3.7 (2.6-4.8) 43.5 (40.7-46.2) 29.3 (26.3-32.2) 22.8 (20.5-25.2) 
Women  7.1 (5.9-8.3) 47.1 (44.8-49.4) 15.5 (13.9-17.2) 24.3 (22.3-26.3) 

50 – 60 years old     
Men  4.5 (2.1-6.8) 41.2 (35.8-46.7) 22.4 (17.8-27.1) 25.6 (20.9-30.4) 
Women  4.7 (2.5-6.8) 36.5 (31.7-41.4) 15.8 (12.2-19.4) 39.8 (34.9-44.8) 

> 60 years old     
Men  3.4 (1.3-5.6) 40.8 (35.1-46.5) 20.8 (16.0-25.6) 30.7 (25.4-36.0) 
Women  2.0 (0.2-3.8) 35.5 (29.4-41.6) 7.8 (4.3-11.3) 52.2 (45.9-58.5) 

- Data are presented as percentages and 95% Confidence Intervals (CI95%) 
- Cut-off values units are nmol/L  
 
Discussion                
In recent investigations, it has been clearly found 
that the vitamin D is an essential factor not only 
for bone formation and osteoporosis prevention, 
but also for extra skeletal functions such as im-
mune system regulation, cancer and hypertension 
prevention (14, 15). Therefore, assessment of 
the distribution of vitamin D deficiency in all po-
pulations especially developing countries is nec-
essary.  
Our recent study for the assessment of the pre-
valence of vitamin D deficiency in different age 
and sex groups and in different urban areas, ob-
tained two important findings. Firstly, it was 
found that both genders considerably suffered 
from vitamin D deficiency in all urban areas. In 
another analysis of IMOS data based on norma-
tive values of vitamin D according to PTH level 
alternations, prevalence of mild and moderate to 
severe vitamin D deficiency was notably high 
in both genders in Iran so that the 75.1% of 
women and 72.1% of men suffered from this 
disorder (16). In our study, the majority of indi-
viduals in all studied regions had moderate to 
severe vitamin D deficiency and this finding was 
more evident in the elderly. In another study in 
Iran, prevalence of severe, moderate and mild 
vitamin D deficiency was 9.5%, 57.6% and 14.2%, 
respectively (13). It has been even shown that 
vitamin D deficiency is prevalent in both men and 

women in Iranian populations residing in other 
countries. The prevalence of vitamin D deficiency 
in those countries is higher in women than in men 
(17). It seems that the skin complexion, poor 
sun exposure, vegetarian food habits and lack 
of vitamin D food fortification program can ex-
plain the high prevalence of vitamin D defici-
ency in Iran and other similar Middle East coun-
tries despite their sunny climate (18). It was also 
indicated that vitamin D deficiency is highest 
among people who are elderly, institutionalized, 
or hospitalized. It is reported that 60% of the 
elderly in nursing homes were vitamin D deficient 
in the United States (19). In addition, nearly one 
third of healthy adults were vitamin D deficient 
at the end of winter (20).  
Finally, we found that the vitamin D deficiency 
was less prevalent in Booshehr as a southern 
port and more prevalent in Tehran as capital of 
Iran and in Mashhad (in Northeast of Iran) in 
some age groups. It seems that the high preva-
lence of this disorder in Tehran and Mashhad 
can be related to unsuitable dietary habits and 
air pollution. It also seems that the low preva-
lence of vitamin D deficiency in Booshehr can be 
related to high consumption of fish and its oil 
supplements in that city. It has been clear that 
the use of fatty fish and cod liver oil or other 
fish oil supplements is associated with reduced 
vitamin D deficiency in all groups. Vitamin D sup-
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plement is well known to influence 25-hydroxy 
vitamin D levels in blood, particularly when sun 
exposure is limited (21, 22).  It has been also be-
lieved that the clothing habits, especially among 
women, may be an important factor affect the pre-
valence of vitamin D deficiency in Middle East 
and Islamic countries so that a greater preva-
lence of vitamin D deficiency has been shown in 
people who cover all of their exposed skin with 
clothing in countries such as Saudi Arabia, Jor-
dan, Turkey and Lebanon (12, 23). Neverthe-
less, the role of this factor in high prevalence of 
vitamin D deficiency in different age groups of 
females in our study is doubtful, because we ob-
served the same rates of deficiency among men. 
Meanwhile, clothing habits are almost the same 
around the country and even, covering rate of 
skin with clothing in Booshehr, an urban area 
with the lowest rates of vitamin D deficiency, is 
higher than other metropolitans.  
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