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Introduction

The emergence of vitamin D deficiency as a factor in multiple 
illnesses has focused attention on vitamin D’s preventive role 
and the importance of maintaining optimal concentrations in 
the body. Vitamin D deficiency has been recently noted in the 
Gulf region despite the area’s sunny climate.1-3 A study con-
ducted at Al-Ain, United Arab Emirates (UAE), showed that 
vitamin D deficiency (serum level, 25.3 ± 10.8 nmol/L) is com-
mon (36% frequency) in women of childbearing age (n = 33) in 
Arab communities residing in the UAE.2 Vitamin D deficiency 
is a common maternal-infant health problem in Arab communi-
ties residing in Al-Ain, UAE.4 Osteoporotic Emirati women suf-
fer from mild to severe vitamin D deficiency.3 Arabian women 
and children have low serum vitamin D concentrations attrib-
uted to insufficient sunlight exposure and low dietary vitamin 
D intake.5

Vitamin D is essential for supporting bone integrity6,7 and has 
a protective role against several chronic morbidities8,9 such as low 
bone mass density,10 diabetes and cardiovascular diseases,11,12 and 
many types of cancer.13-15 A common assumption is that casual 
sun exposure can secure sufficient vitamin D status.2,8

This study offers evidence that vitamin D deficiency could be a major public health burden among young Emirati adults, 
mostly because of sun deprivation in a sun-blessed country. This study included a random sample of 138 females and 70 
males tested for serum 25-hydroxyvitamin D [25(OH)D] status. To further evaluate the predictors of vitamin D status in 
this population, the study examined diet, obesity and sun exposure. In summer, the mean serum 25(OH)D concentration 
for females was 20.9 ± 14.9 nmol/L, whereas that for males was 27.3 ± 15.7 nmol/L. Females scored significantly higher 
than males on the sun avoidance inventory (SAI), indicating that females avoid sun exposure to a greater extent than 
males, possibly explaining the lower vitamin D status. A significant negative correlation also existed between SAI and 
vitamin D status (Pearson’s r = -0.33; p < 0.01), but no significant association was evident between vitamin D status 
and body mass index (Pearson’s r = 0.03; p = 0.33) or low dietary intake of vitamin D-fortified foods (Pearson’s r = 0.08;  
p = 0.13). The mean serum 25(OH)D concentration for females tested in winter was 31.3 ± 12.3 nmol/L while in the summer, 
it was 20.9 ± 14.9 nmol/L. This difference was statistically significant, suggesting that seasonal variation plays an important 
role in vitamin D status in the United Arab Emirates. Fortification of foods and drinks with vitamin D, supplementation 
and sensible sun exposure are important steps toward minimizing vitamin D deficiency.
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In concordance, several research reports from other Gulf or 
Arab countries demonstrate a significant prevalence of vitamin 
D deficiency, particularly in women, owing to their cultural 
dress code.1,16-20 Paradoxically, in some sunny countries such as 
the UAE, residents tend to avoid exposure to sunlight because 
of excessive heat.2 The first study in adults from the region was 
conducted in university students and elderly from Saudi Arabia, 
revealing a mean 25(OH)D status ranging between 10 and 30 
nmol/L.1 The mean 25(OH)D status was near 25 nmol/L in 
Lebanese, Saudi, Emirati and Iranian women.3,21-23 Because the 
UAE has not yet begun fortifying food with vitamin D, many 
groups in this population could be vulnerable for developing vita-
min D deficiency.2,4 This supposition is particularly relevant to 
individuals who limit their outdoor activities or spend most of 
their time indoors, such as students, or cover the body exten-
sively, such as Emirati females.2,6

One study selected 146 subjects (male, 22; female, 124) on 
the basis of established inclusion criteria. Of the women, 21 
wore western-type dress styles (group 1); 80 wore dress styles 
covering the whole body but sparing the face and hands (group 
2); and 23 wore dress styles covering the whole body, includ-
ing the face and hands (group 3). The study was conducted in 
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comparisons). Dress styles covering the whole body, totally or 
nearly totally, have adverse effects on 25(OH)D status and may 
produce a state of secondary hyperparathyroidism over a long 
period. Although Jordan enjoys plentiful sunshine, these data 
suggest widespread hypovitaminosis D in that country.24 The 
prevalence of vitamin D deficiency among healthy Saudi men 
is between 28% and 37%.25 The objective of this research is to 
assess the prevalence of vitamin D deficiency among young-adult 
female and male Emirati students, a high-risk population group 
in the UAE. The secondary aim was to determine the variables 
that contribute to circulating 25(OH)D status.

Results

The mean age of students was 21.0 ± 4.6 years for males and 
20.8 ± 4.0 years for females. Table 1 compares males and females 
according to season, age, BMI, SAI, FFQ and vitamin D status. 
Mean serum 25(OH)D concentrations in October were 20.9 ± 
14.9 nmol/L for females and 27.3 ± 15.7 nmol/L for males, and 
for the total sample the value was 23.1 ± 15.5 nmol/L. Mean 
serum 25(OH)D concentration in April was 31.3 ± 12.3 nmol/L 
(females only). The majority of participants were either normal 
(52.83%) or underweight (22.17%). Those who were overweight 
accounted for 16.04%, while only 7.06% were obese. Very few 
participants were either severely underweight (0.47%) or severely 
obese (1.42%). The mean BMI for all females was 23.2 ± 5.0 
and 23.7 ± 4.2 for males. Females scored significantly higher 
than males on the mean SAI score (39.4 ± 7.4 vs. 34.6 ± 7.0;  
p < 0.05), indicating that females avoid sun exposure to a greater 
extent than males, possibly explaining the lower vitamin D sta-
tus among females (Table 1). Figure 1 shows the distribution of 
serum 25 (OH)D levels for participants according to sun avoid-
ance score(SAI). Both females and males had a low score for 
mean FFQ, indicating that both are not getting adequate dietary 
vitamin D (12.5 ± 3.7 and 17.4 ± 5.8, respectively). A signifi-
cant negative correlation also existed between SAI and vitamin 
D status (Pearson’s r = -0.32; p < 0.01), but no significant associa-
tion was evident between vitamin D status and BMI (Pearson’s 
r = 0.03; p = 0.33) or dietary intake of vitamin D-rich foods 
(Pearson’s r = 0.08; p = 0.13). Table 2 illustrates the mean ± SD 
values of vitamin D, SAI and BMI recorded during summer and 
winter for female students only. The mean vitamin D level for 70 
female students during winter was 31.3 ± 12.3 nmol/L, whereas 
in summer the mean vitamin D status was 20.9 ± 14.9 nmol/L 
for 138 female students. A statistically significant difference 
existed in the levels of 25(OH)D according to seasonal variation 
(r = 0.03; p < 0.05).

Discussion

Mean serum 25(OH)D concentrations were higher in April, 
which marks the end of the short, cool winter season and lower 
in October, which marks the end of the hot summer season. 
Although many studies have reported the inverse association 
between BMI and serum 25(OH)D concentrations, few have 
also demonstrated the absence of correlation in some populations. 

summer and winter. All volunteers underwent initial interviews, 
answered a food frequency questionnaire (FFQ) and underwent 
essential laboratory tests for serum 25(OH)D by radioimmu-
noassay and serum parathyroid hormone by chemiluminescent 
enzyme immunoassay. The 25(OH)D levels in groups 2 and 3 
were significantly lower than those in the men (p < 0.05 in both 

Table 1. Baseline characteristics of male and female students that 
participated in the study

Characteristics
Males 

(n = 70)
Females 
(n = 208)

t-test 95% 
Confidence Interval 

of the Difference

Age (years) 21.0 ± 4.6 20.8 ± 4.0 0.211

BMI (kg/m2) 23.7 ± 4.2 23.2 ± 5.0 0.057

25 (OH)D (nmol/L) 27.3 ± 15.7 24.2 ± 14.9 0.0025*

SAI score 34.6 ± 7.0 39.4 ± 7.4 0.000*

FFQ score 17.4 ± 5.8 12.5 ± 4.9 0.064

*Differences are significant; p < 0.05. All values are shown as mean 
± SD; BMI, body mass index; SAI, sun avoidance inventory; FFQ, food 
frequency questionnaire.

Figure 1. Group distribution of serum 25(OH)D status according to sun 
avoidance attitude: Scores for SAI are categorized as follows: 0–25, low 
avoidance; 26–35, moderate avoidance; 36–80, high avoidance.

Table 2. Baseline characteristics of only female students during 
summer and winter

Characteristic
Females 

(summer) 
(n = 138)

Females 
(winter) 
(n = 70)

t-test 95% 
Confidence Interval 

of the Difference

Age (years) 21.1 ± 4.6 20.3 ± 1.9 0.106

BMI (kg/m2) 22.6 ± 4.6 24.4 ± 5.6 0.30

25 (OH)D (nmol/L) 20.9 ± 14.9 31.3 ± 12.3 0.0005*

SAI score 41.4 ± 7.4 35.1 ± 5.4 0.000*

FFQ score 13.2 ± 5.4 11.0 ± 3.2 0.003

*Differences are significant; p < 0.05. All values are shown as mean ± 
SD; BMI, body mass index; SAI, sun  avoidance inventory; FFQ, food 
frequency questionnaire.
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and hence pay great attention to weight. Although the UAE is 
a sun-blessed country, Emiratis are often not exposed to sun-
light, owing to avoidance of excessive heat and cultural reasons, 
for which women cover most of their bodies. This factor adds 
an extra burden to vitamin D status for this population, which 
becomes at high risk of developing deficiency. Only three male 
students were found with 25(OH)D >75 nmol/L, not taking 
any vitamin D supplements but had low SAI meaning that their 
exposure to sun was high. This is worth further investigation as 
it confirms that sun will provide adequate levels in the absence of 
supplementation or with low food intake of vitamin D.

Limitations in this study must be considered, including 
the relatively few male participants compared with females, 
because of the local students’ demographics. In addition, this 
study did not assess parathyroid hormone, ALP, Ca and PO

4
 

levels to exclude any cases of secondary hyperparathyroidism. 
Nevertheless, several studies have shown that such serum bio-
markers may not reflect the true status of an individual’s vitamin 
D status. Moreover, seasonal variation in serum 25(OH)D status 
was investigated only for females. Other factors to consider when 
studying the variables that affect vitamin D status include skin 
pigmentation and intestinal malabsorption diseases. However, 
most participants had a similar skin color and none reported any 
diseases such as Crohn’s or cystic fibrosis.

Further exploration of how to remedy vitamin D deficiency 
in Emiratis is needed. When a nutritional public health need 
is identified, the solution is to ensure that all people can ben-
efit. Staple foods are hence good targets for food fortification, 
provided that the right recommended intake is really attained. 
Jordan recently issued a food policy that mandates the fortifica-
tion of bread with vitamin D.29,30 However, the amount of vita-
min D in food would have to be about 1,000–3,000 IU/day to be 
effective in increasing serum 25(OH)D status to the 100 nmol/L 
that optimal health requires.31-37

This study documents the prevalence of vitamin D deficiency 
due mostly to sun deprivation in a sun-blessed country among 
young-adult Emiratis. The results of all these studies emphasize 
the need for urgent measures in our part of the world to avoid 
long-term complications related to vitamin D deficiency; these 
measures include vitamin D supplementation and fortification 
of some highly consumed food, milk and other dairy products. 
Educational endeavors about sensible sun exposure should be 
implemented to improve vitamin D status among this popula-
tion. Whether Emiratis are predisposed to vitamin D deficiency 
by inability to maintain adequate vitamin D status (due mainly 
to sun avoidance) or the possible existence of polymorphism 
in the vitamin D receptor gene or other related genes is worth 
investigating.

We note that the Institute of Medicine (IOM) recently stated 
that a 25(OH)D level of 20 ng/ml (50 nmol/l) was adequate for 
all people since the only benefit of vitamin D strongly supported 
by the evidence was bone health.38 However, this finding flies 
in the face of overwhelming evidence of numerous benefits in 
reducing the risk of many diseases including cancer, cardiovascu-
lar disease, diabetes, bacterial and viral infectious diseases, auto-
immune diseases and central nervous system diseases as well as 

In general, males had a higher 25(OH)D status and spent more 
time in the sun, consumed a similar level of dietary vitamin D, 
and had a comparable BMI.

Table 1 shows the results of predictive models of serum 
25(OH)D in all the participants by sex. The inverse associa-
tion (negative correlation) between SAI and circulating 25(OH)
D level was statistically significant. Sex differences with regard 
to 25(OH)D concentrations and SAI scores were significant. 
However, no significant differences occurred between males and 
females for BMI and FFQ.

In this study, women had lower 25(OH)D concentrations 
than those of men, but women had similar BMI and intake of 
dietary vitamin D. However, women had a higher measure of sun 
avoidance attitude, suggesting that the sex differences in 25(OH)
D concentrations are attributed to behavior toward sun avoid-
ance or exposure. Emirati women and men usually cover most 
of the body for cultural and religious reasons; however, our data 
show that women tend to avoid the sun more than do men. The 
mean serum 25(OH)D concentration for females tested in win-
ter was significantly higher than that in summer. This seasonal 
pattern is the opposite of what is reported for many countries. 
This finding could be attributed to the fact that winter in Abu 
Dhabi is cool yet sunny, hence residents tend to engage highly in 
outdoor activities—in contrast to the summer, which is humid 
and extremely hot, a time when people significantly limit their 
outdoor activities. The observed differences in serum 25(OH)
D by season are in concordance with the findings reported by 
Saadi et al.26 who indicated that optimal levels were obtained in 
April compared with August and October. There was a seasonal 
variation in the blood status of 25(OH)D due to increased sun 
exposure. The exposure time was noted between 11 in the morn-
ing and 3 in the afternoon.

Other researchers reported the lack of association between 
diet and 25(OH)D levels revealed that Canadian aborigi-
nal women have a higher prevalence of vitamin D deficiency 
than non-aboriginal women, despite similar dietary vitamin D 
intake.3,27 Another study showed that Arab women residing in 
the UAE had low serum 25(OH)D status that did not correlate 
with their dietary intake of vitamin D.3 The lack of association 
between diet and vitamin D status could be attributed to the 
observation that the recommended daily intake of dietary vita-
min D is not sufficient to maintain a nominal vitamin D status 
if sunlight exposure is limited. Moreover, the content of vitamin 
D in natural foods such as mushrooms, eggs and oily fish often 
varies, resulting in poor documentation of such foods’ vitamin 
D content. For instance, wild salmon has up to 90% more vita-
min D than farmed salmon.28 Even fortified foods are subject to 
this fluctuation because of the fortification procedures such as 
storage conditions. The absence of association between BMI and 
25(OH)D status in the examined participants may be attributed 
to the fact that the sample was underpowered to show an asso-
ciation between 25(OH)D and increasing BMI indexes, since 
most participants were normal weight and only 7% were obese. 
This lack of association can not be generalized to the total UAE 
national population because the sample represents younger uni-
versity students, who are often conscious about their body image 
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values of 25(OH)D were recorded in nanomoles per liter. This 
HPLC assay includes the measurement of both 25(OH)D2 and 
25(OH)D3 separately, and the reported values represent the 
combined concentrations. The intra-assay coefficient of varia-
tion was 4% and the interassay coefficient of variation was 5.8%. 
Reference ranges used in this study based upon Chromsystems 
kits were as deficiency: <25 nmol/L, sufficiency: 50–200 nmol/L 
and toxicity: >200 nmol/L. According to the new IOM recom-
mendations corresponding to a serum 25(OH) D status of at 
least 20 ng/ml (50 nmol/liter), meet the requirements of at least 
97.5% of the population.38

Exposure variables. Dietary data were collected using a modi-
fied FFQ, a self-administered instrument that considers self-
reported recall of the intake of vitamin D-rich foods (naturally 
and fortified) for the last 4-week period. The modified FFQ was 
based on previous studies that included local food items.44 The sun 
avoidance inventory (SAI) assesses sun avoidance attitudes and 
behaviors across six factors: cosmetic/aesthetic, health and safety, 
transport, occupational, recreational and sartorial. Sun exposure 
was evaluated by using a modified version of the SAI, which is a 
questionnaire designed to assess attitude toward sun avoidance.45 
Body mass index (BMI) was calculated as weight in kilograms 
divided by the height in square meters. Height and weight were 
measured using a digital height and weight scale. BMI results 
were interpreted according to the following: BMI <16 severely 
underweight, 16–19 underweight, 20–25 normal range, 26–30 
overweight, 31–40 obese and >41 severely obese.2,4 The reference 
range for vitamin D was adopted from Grant et al.31,32,35-37 and 
Sabetta et al.46 and included deficiency, insufficiency and suffi-
ciency (<50, 50–75 and >75 nmol/L, respectively). The inclusion 
criterion required being an enrolled university student, and the 
exclusion criterion was all participants taking any form of vita-
min D supplementation.

Statistical data analyses. All analyses were conducted by 
using SPSS version 16.0 (Chicago, IL). Means and standard 
deviations were used to describe vitamin D status. The p values 
were calculated by using SPSS for categorical variables and lin-
ear regression for continuous variables. Differences in 25(OH)
D concentrations by sex and season were analyzed with Lavene’s 
test.47 Comparisons of serum 25(OH)D concentrations were per-
formed by using the Student t test (1-tailed) and p values less than 
0.05 were considered to be statistically significant. Correlation 
between 25(OH)D and the independent variables (FFQ, BMI 
and SAI) were determined by the Pearson correlation coefficient.
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were willing to participate in the study. Data collection involved 
a blood test to measure serum 25(OH)D concentration and a 
questionnaire that had several components pertaining to socio-
demographic (residential, educational and occupational), medi-
cal history, nutritional (FFQ),3 and psychosocial (personality 
traits, depression, anthropometry) aspects. A project coordina-
tor and two research assistants were trained to administer the 
survey questionnaire regarding nutritional and lifestyle factors. 
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Analysis of serum 25(OH)D. Blood samples were taken 
from all subjects to analyze serum 25(OH)D as an indicator of 
vitamin D status. Status of 25(OH)D was measured at Sheikh 
Khalifa Medical City with a Waters HPLC 2695 separation mod-
ule with UV detection using Chromsystems kits (Chromsystems 
Instruments & Chemicals GmbH, Heimburgstrasse, Munich, 
Germany) by using a modified high-performance liquid chroma-
tography (HPLC) method.42,43 In brief, 500 μL of serum (stan-
dard, controls or specimen) and 50 μL of internal standard were 
mixed into the labeled, light-protected reaction vial. We then 
added 500 μL of precipitation reagent and mixed this in a vortex 
for 20 seconds. Reaction vials were then incubated for 10 min 
at 4°C. Vials were then centrifuged for 5 min at 13,000 rpm 
(Centrifuge 5430/5430R, Eppendorf AG, 22331, Hamburg, 
Germany). Immediately the supernatant was applied to a labeled 
sample cleanup column and drawn through by centrifugation at 
1,500 rpm for 1 min followed by discarding the effluent. Sample 
cleanup columns were then washed two times by using 1 mL of 
Wash Buffer I each time by centrifuging at 1,500 rpm for 1 min 
and discarding the effluent. Column washing was repeated by 
using 75 μL of Wash Buffer II by centrifuging at 1,500 rpm for 1 
min and discarding the effluent. Two hundred microliters of elu-
tion buffer was applied to each column, and the eluates were col-
lected by centrifugation at 1,500 rpm for 1 min. The eluants were 
collected into glass vials and then diluted with 20 μL of distilled 
water. 50 μL of the sample was finally injected into the HPLC 
system. The prepared controls were included in every analytical 
series to monitor accuracy and precision within the system. The 
chromatographic separation was completed in about 10 min. All 
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