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Pattern of vitamin D deficiency in a Middle
Eastern population: A cross-sectional study
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Abstract. Vitamin D is a critical micronutrient required
by almost all body tissues. Globally, vitamin D deficiency
is highly prevalent to the extent that it is considered
a pandemic. The present study aimed to examine the
vitamin D status among the healthy population in a specific
region. The present study was a cross-sectional study
carried out from June, 2021 to January, 2022. A total of
991 apparently healthy individuals of various ages were
randomly recruited from various public areas, and their
blood samples were obtained. Among the enrolled partici-
pants, 582 (58.7%) were male and 409 (41.3%) were female.
They had a mean age of 30.6+12.2 years. Of note, ~74.3% of
the population had vitamin D deficiency (20 ng/ml), 21.1%
had insufficient levels (20-29.9 ng/ml) and only 4.5% had
normal levels (30-60 ng/ml). The mean 25-hydroxyvitamin
D level of the study population was 16.29+7.1 ng/ml, with
female participants having lower levels (14.05+7.55 ng/ml).
There was an overall difference in the mean 25-hydroxyvi-
tamin D level among the different age groups, with lower
concentrations observed in subjects <40 years of age. On the
whole, vitamin D deficiency was highly prevalent among the
studied population, particularly among females and those
in the younger age groups. Efforts to raise public awareness
and the vitamin D fortification of food and dairy products
are strongly recommended.
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Introduction

Since the start of the 21st century, vitamin D has received
increasing attention from the health and biomedical scien-
tific community, more so than any other micronutrient (1).
Vitamin D is a crucial nutrient as it promotes calcium
absorption from the intestines, prevents calcium excretion
via renal reabsorption, bone development and metabolism,
and prevent the development of rickets during child-
hood (2). Over the past few decades, evidence regarding the
extra-skeletal functions of vitamin D has been increasing,
such as in the muscular, reproductive, immune and integu-
mentary systems. Such evidence indicates that an improved
vitamin D status leads to improved overall health (3,4).
Vitamin D is primarily obtained through exposure to the
sun and, to a lesser extent, through dairy products and
vitamin D supplements (5). Failure to acquire the neces-
sary amounts of vitamin D has been linked to an increased
risk of a wide range of conditions, including osteoporosis,
diabetes, cardiovascular diseases, cancer, musculoskeletal
conditions and hypertension (6). Serum 25-hydroxyvitamin
D[25(0OH)D] is a highly reliable biomarker that has been
recommended for use to assess the vitamin D status (7).
Currently, there is controversy as regards the optimum
serum levels of 25(OH)D, as there is considerable variation
between the normal values of different populations (4,8). A
wide range of minimum values have been proposed, ranging
from 12 to 40 ng/ml. Despite the disagreements, a serum
25(0OH)D level of <20 ng/ml is the most commonly used
value among studies to indicate vitamin D deficiency (6).
Globally, vitamin D deficiency is highly prevalent, to the
extent that it is considered a pandemic and a major global
health issue (1,7). The worldwide prevalence of vitamin D
deficiency varies from 30 to 93% (8). It has been observed
that 41.6% of adults in the USA are vitamin D-deficient (9).
Similarly, according to the study by Cashman et al (10),
>40% of the European population suffers from vitamin D
deficiency (<20 ng/ml). Even though the Middle Eastern
populations have ample exposure to sunlight, vitamin
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D deficiency is even more prevalent (8). However, to
date, at least to the best of our knowledge, no study has
been performed to evaluate the prevalence of vitamin D
deficiency among the general population of Iraq or the
Kurdistan region.

Therefore, the present study aimed to examine the vitamin D
status among the healthy population of the Kurdistan region in
northern Iraq.

Subjects and methods

Study design and setting. The present study was a community-
based cross-sectional study carried out from June, 2021 to
January, 2022 at the Kurdistan region of Iraq. In total, 991
apparently healthy individuals (582 males and 409 females)
of various ages were randomly recruited from various public
areas after obtaining ethical permission. Both written and
informed consent were obtained from each participant. The
study was approved by the Sulaimani University Ethics
Committee.

Inclusion and exclusion criteria. In the present study, only
healthy individuals currently residing in the Kurdistan
region were enrolled. The exclusion criteria were as follows:
Individuals with any medical or chronic condition (apart from
obesity, so as to determine any possible link between obesity
and vitamin D levels), pregnant women, or those taking
vitamin D supplements or other potentially interfering medi-
cations were not enrolled.

Data collection. Each participant completed a questionnaire
to provide socio-demographic characteristics (age, marital
status, smoking status, alcohol consumption and occupation),
medical history, and medications. For children, consent was
acquired from the parents. Bodyweight and height were
measured for the participants for the calculation of body
mass index (BMI).

Clinical measures. Trained health workers performed the
data collection and obtained blood samples from the indi-
viduals who consented to participate. All the blood samples
were obtained during the day and were collected in gel tubes
(Greiner Bio-One). On the same day of sample collection,
the samples were immediately sent to the Smart Laboratory
(at Smart Health Tower in Sulaimani, Iraq) for sera separation
by centrifugation (5,000 rpm, 10 min, at 25°C) and storage
in a -70°C environment for later use in the evaluation of
vitamin D status.

Vitamin D assessment. Chemiluminescence immuno-
assay was performed via Cobas E411 using the Vitamin
D total Elecsys Cobas E100 kit (Lot no. 56154801; Roche
Diagnostics) to analyze the serum 25(OH)D concentrations
of the samples, as it is the most utilized form of vitamin D
and accounts for the majority of the circulating 25(OH)D. In
the present study, the vitamin D status was categorized into
three major cut-offs based on serum 25(OH)D concentrations:
<20 ng/ml for deficiency, 20-29.9 ng/ml for insufficiency and
30-60 ng/ml for optimality. Levels >60 ng/ml were consid-
ered toxic (11).

Statistical analysis. The acquired data were analyzed using
SPSS software 24.0 (IBM Corp.). Quantitative variables were
analyzed using an independent samples t-test (comparisons
between means of more than two groups were performed
using one-way ANOVA), and the data are presented in the
form of the mean + standard deviation. In the case of signifi-
cant results from ANOVA, Hochberg's GT2 post hoc test was
used (due to unequal sample size of the groups) to determine
which groups led to the significant differences. Qualitative
data are presented as proportions and percentages. A P-value
<0.05 was considered to indicate a statistically significant
difference.

Results

Demographics and characteristics of the participants. Of the total
number of healthy subjects enrolled in the present study (n=991),
582 (58.7%) were male, and 409 (41.3%) were female. The subjects
had a mean age of 30.6+12.2 years (range, 2-80 years), with the
majority of the subjects (60.5%) being between 18-39 years of age.
The mean BMI of the participants was 25.07+4.7 (13-50). The
difference between the mean age of the male and female partici-
pants was insignificant (P=0.265). The majority of the subjects
were non-smokers (88.3%). Further characteristics of the enrolled
participants are presented in Table 1.

Prevalence of vitamin D deficiency and insufficiency. In
the present study population, the prevalence of vitamin D
deficiency (<20 ng/ml) was markedly high (74.3%), with
another large proportion of the study population (21.1%)
having insufficient levels of vitamin D (20-29.9 ng/ml). Only
4.5% of the subjects had serum 25(OH)D levels within the
optimal range (30-60 ng/ml), and one individual (0.1%) had
a toxic level of 25(OH)D (>60 ng/ml) (Table II). Vitamin D
deficiency was more prevalent among the females of all age
groups (80.4%) compared to the males (69.9%) in the popula-
tion studied. Additionally, the highest prevalence of vitamin
D deficiency was found in participants aged <18 years and in
those >60 years. The vitamin D status in both sexes according
to age groups is illustrated in Fig. 1.

Predictors for lower serum 25(0OH)D concentrations. The
mean serum 25(OH)D concentration of the study popula-
tion was 16.29+7.1 ng/ml (3.78-62.16 ng/ml). No significant
difference in 25(OH)D levels was noted as regards the BMI,
smoking status, or alcohol consumption. Despite the high
prevalence of vitamin D deficiency, the mean 25(OH)D level
was significantly lower in females (14.05+7.55 ng/ml) than in
males (17.87+6.46 ng/ml) (P<0.001) (Table IIT). Despite an
overall noticeable difference in the mean 25(OH)D concen-
tration among the different age groups, which revealed lower
serum 25(OH)D levels in participants <40 years, significant
age group differences were only found in males (P=0.028) and
not in females (P=0.259) (Table IV).

The type of occupation appeared to have some influence
on the serum 25(OH)D levels. However, despite a small differ-
ence, the mean value of 25(OH)D levels in all occupational
categories was still within the vitamin D deficiency threshold.
Thus, of note, the prevalence of vitamin D deficiency was still
high, not regarding the occupations of the participants (Fig. 2).
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Table I. Characteristics of the participants enrolled in the
present study.

Table II. Vitamin D status in the studied population according
to the serum 25(OH)D level.

Frequency/ Parameter Frequency Percentage
Characteristic mean Percentage
Deficient 736 74.3
Sex Insufficient 209 21.1
Male 582 58.7 Optimal 45 45
Female 409 41.3 Toxic 1 0.1
Age, years 306 25(0OH)D, 25-hydroxyvitamin D
<18 161 16.2 ’ )
18-39 599 60.5
40-60 221 22.3
>60 10 1 Table III. Mean serum 25(OH)D levels according to different
Marital status characteristics.
Married 573 57.8
Single 418 422 Characteristic Mean 25(OH)D P-value
BMI 25.07 Sex <0.001
<185 Ly 7 Male 17.86716.45803
18.5-24.9 377 38
25290 379 180 Female 14.0544+7.55038
>30 161 163 Age, years <0.001
Smoking status <18 14.8242+6.70206
Ever smoker 116 117 18-39 16.0220+7.03543
Non-smoker 875 883 40-60 18.0099+7.67882
Alcohol consumption >60 18.2860+3.96385
Yes 18 1.8 Marital status 0.534
No 973 982 Married 17.0817+7.14544
Occupation category Single 15.2131+7.08522
Indoor workers (barb'er,. 298 30.1 BMI 0366
cleaner, clerk, receptionist, <185 15.5951+6.76480
government employee)
Health care professionals 67 6.8 18.5-24.9 159714741235
(Pharmacist, nurse, 25-29.9 16.7744+7.14961
laboratorian, physician, =30 16.2371+6.84541
radiologist) Smoking status 0.817
Unemployed (housewife, 131 132 Ever smoker 19.1954+7.19120
retired) Non-smoker 15.9088+7.08957
Studerilt . 214 216 Alcohol consumption 0.185
Teaching professionals 52 52
Outdoor workers (engineer, 154 155 Yes 20.29567.79813
driver, construction No 16.2195+7.14740
worker, farmer) Blood group 0.335
Security and military 75 7.6 A 16.5320+6.96608
Blood group A 13.4663+7.83233
A* 263 26.5 B* 15.9848+6.67549
A 23 23 B 13.0046+7.35624
B 188 19 AB* 17.3835+7.35428
B 16 16 AB 14.0320+7 21451
ABY 05 6.6 o* 16.31147.28488
AB- 6 0.6 )
o 409 413 O 18.0722+12.92086
(0} 21 2.1

25(OH)D, 25-hydroxyvitamin D.
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Figure 1. Vitamin D status in the study population according to sex and age. The young population appeared to have a higher prevalence of vitamin D
deficiency. Although the mean serum 25(OH)D levels were lower in females, the percentage of deficiency did not differ significantly between the sexes of any

age group, as most of the population was deficient.

Table IV. Comparison of the mean serum 25(OH)D levels between different sexes and age groups.

Serum 25(OH)D levels (ng/ml)

Sex Age group Frequency Mean SD P-value
Male <18 years 54 17.4096 545653 0.028 <0.001
18-39 years 372 17.3783 6.23975
40-60 years 148 19.2297 7.23821
>60 years 8 18.4775 4.29270
Total 582 17.8671 6.45803
Female <18 years 107 13.5193 6.91299 0.259
18-39 years 227 13.7994 7.68548
40-60 years 73 15.5367 7.99638
>60 years 2 17.5200 3.30926
Total 409 14.0544 7.55038

25(OH)D, 25-hydroxyvitamin D.

Discussion

The Kurdistan region in the northern part of Iraq has a
semi-arid climate. The days in this area are often sunny and
provide a sufficient amount of sunlight for the inhabitants.
Hence, in the present population, the vitamin D status was
expected to be mostly within the normal range. However,
according to the findings, this expectation was far from
true, with the majority of the population either having
deficient or insufficient values of vitamin D (74.3 and 21.1%,
respectively).

Vitamin D is a micronutrient that is primarily acquired
from sunlight; hence, avoiding the sun can lead to various
complications (12). Moreover, it has been reported that almost
all body tissues have vitamin D receptors, and the majority
even possess the hydroxylase enzyme required for the conver-
sion of 25(OH)D to the active form, indicating their importance
for the proper functioning of the body (1).

Currently, there is some controversy regarding the optimum
levels of serum 25(OH)D (4). A wide range of minimum values
have been proposed, ranging from 12 to 40 ng/ml, primarily
depending on whether that value can suppress the parathyroid
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Figure 2. Serum 25(0OH)D levels according to occupation. Indoor workers included accountants, hair dressers, cleaners, etc., and outdoor workers included
drivers, engineers, construction workers, etc. The mean 25(0OH)D level differed significantly between the different occupations (P-value <0.001). This differ-
ence was mostly due to higher 25(OH)D levels in participants who were outdoor workers.

hormone to its minimum. The Endocrine Society Clinical
Practice Guidelines consider a serum 25(OH)D level of
>30 ng/ml to be sufficient for the body. By contrast, the National
Academy of Medicine recommends a level of >20 ng/ml to be
sufficient (11). Despite the disagreements however, a serum
25(0OH)D level <20 ng/ml is the most commonly used value
among studies to indicate vitamin D deficiency, and it is the
value that was regarded to indicate deficiency throughout the
present study (6). When measuring vitamin D levels, the time
of the year can influence the concentration of serum 25(OH)D
levels. In this regard, summer is considered an ideal season for
the measurement of vitamin D levels (13). The present study
was conducted during the summer and autumn seasons.

The worldwide prevalence of vitamin D deficiency varies
largely, ranging from 30 to 93% (8). It has been observed
that 41.6% of adults in the USA are vitamin D-deficient (9).
Other community-based studies have reported that vitamin D
deficiency ranges between 45-52% in New Zealand, 25% in
Canada, 47-65% in Korea and 45% in Portugal (7,14-16). In
Europe, vitamin D deficiency has been observed to range
between 30-60% of Western, Southern, and Eastern European
populations and >20% of populations in Northern Europe (17).

Although sunlight is abundant in developing countries,
particularly in the Middle East, vitamin D deficiency appears
to be a much more prevalent, with only a minority of these
populations having adequate vitamin D levels (1,8). In China,
Ning et al (18) reported that 87.1% of the Beijing population
were vitamin D-deficient, and only 2.9% of the participants
achieved optimal levels. In Pakistan, the prevalence of vitamin
D deficiency and insufficiency were reported to be 70 and
21.1%, respectively (8). A study conducted in Qatar revealed

a prevalence of 64% (6). A meta-analysis on the prevalence
of vitamin D deficiency in Saudi Arabia also revealed that
81% of the population were deficient (1). In Kuwait, the
prevalence of deficiency was found to be 83% (19). Bachhel
and colleagues found that 90% of the Indian population were
vitamin D insufficient (<30 ng/ml) (20). In Iran, vitamin D
deficiency prevalence was found to be around 85.2% (21).
Notably, the study by Oztiirk et al (22) in southeast Turkey,
in which the inhabitants have the same cultural and ethnic
background as the Kurdistan region in northern Iraq,
revealed very similar findings to those of the present study,
with a mean serum level of 25(OH)D of 16.61+6.90 ng/ml,
with the prevalence of vitamin D deficiency and insufficiency
being 75.54 and 19.38%, respectively (22). In a recent study
performed in the Dohuk Governorate, Kurdistan Region,
Iraq by Abdulrahman ez al (23), only 24% of the participants
had a normal level of total 25(OH)D, which is higher than
that observed in the present study population.

The present study demonstrated that vitamin D deficiency
was more prevalent in females than in males (80.4 vs. 69.9%),
and sex was associated with a lower mean serum 25(OH)D
concentration (14.05 vs. 17.87 ng/ml). However, the findings in
the literature are conflicting regarding this aspect. Some studies
have indicated a higher prevalence among females due to less
sun exposure, which may be explained by the frequent use of
sunscreens, fewer outdoor activities and the Islamic culture of
covering the body from head to toe (24-27). However, other
studies have demonstrated lower 250HD levels and a higher
prevalence of vitamin D deficiency among males, probably
due to the more common use of vitamin D supplements among
the females of these populations (6,28).
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In the present study, the levels of 25(OH)D differed consid-
erably between the age groups, with subjects <40 years of
age having the lowest levels of 25(OH)D, particularly among
females. This is in agreement with other studies conducted
in developing countries (22,23,29,30). This finding may be
explained by the fact that elders may have more frequent expo-
sure to sunlight and may consume more healthy foods than
younger individuals. However, an inverse association of age
with the 25(OH)D level has also been reported, with higher
serum concentrations of 25(OH)D found among younger
subjects (12). As regards the association between obesity
and vitamin D deficiency, previous studies have indicated a
positive association between the two (6,31), with only a few
studies reporting no association (32,33). In the present study,
no significant difference in 25(OH)D levels was found with
regards to BMI.

Similar findings between the mentioned studies regarding
the prevalence of vitamin D deficiency can somewhat be
explained by the shared geographical location of the stated
populations, in which high temperatures and the intensity
of sunlight during the summer prevent individuals from
exposing their skin. Additionally, dressing culture and the
lack of awareness regarding the importance of consuming
healthy foods that contain vitamin D and exposure to
sunlight may also play a role in the high prevalence of
deficiency (30).

The international recommendation for the correction
of vitamin D deficiency is vitamin D supplementation and
increased sunlight exposure. However, current international
guidelines may not apply to the local communities of Middle
Eastern countries as these guidelines have been specifically
tailored for North American or European communities, which
are vastly different (genetically, geographically, economically
and culturally) from Middle Eastern countries (1). Additionally,
the optimal level of vitamin D may differ from one nation to
another. Hence, it is highly recommended that further research
is conducted to accurately determine the amounts of vitamin D
required by these populations.

The ministry of health of the Kurdistan region of Iraq
needs to develop a public health policy to raise community
awareness on this matter by promoting healthy exposure
to sunlight and the consumption of vitamin D-containing
foods. The ministry should possibly also take the neces-
sary measures for vitamin D fortification of food and dairy
products to correct the high vitamin D deficiency prevalence
found in this population.

Although a point of strength of the present study is the fact
that it was a community-based study, it also has multiple limita-
tions, as information regarding diet, the amount of sun exposure,
and dressing habits was not acquired from the participants. In
addition, the concentrations of serum calcium and parathyroid
hormone were not measured for the participants.

In conclusion, vitamin D deficiency is highly prevalent
among the population of the Kurdistan region in Iraq,
particularly among females and the younger age group.
Efforts are thus required to raise public awareness regarding
this health concern. The vitamin D fortification of foods
and dairy products is strongly recommended as a first-line
measure to correct vitamin D deficiency. Further studies are
warranted to determine other potential factors that contribute

to the high prevalence of vitamin D deficiency among these
populations.
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