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High prevalence of vitamin D deficiency in the sunny 
Eastern region of Saudi Arabia: a hospital-based study
M.Y. Elsammak,1 A.A. Al-Wossaibi,2 A. Al-Howeish 3 and J. Alsaeed 2

ABSTRACT This study evaluated the vitamin D status of a cohort of healthy young Saudi Arabians in the Eastern 
region of Saudi Arabia. A sample of 139 blood donors (87 males and 52 females) answered a questionnaire 
about their clinical history, including intake of vitamin D supplements and calcium-rich foods and exposure 
to sunshine. Blood samples were taken for routine biochemistry, serum 25-hydroxyvitamin D [25(OH)3] and 
plasma parathyroid hormone (PTH) levels. Serum 25(OH)D levels did not differ significantly between males and 
females, although the levels were low [10.1 (SD 4.6) ng/mL and 9.9 (SD 4.5) ng/mL respectively]. When subjects 
with elevated PTH levels were excluded, serum 25(OH)3 levels were still in the deficiency range. There was a 
high prevalence of a vitamin D deficiency in this sample of Saudi Arabians despite > 65% of participants having 
adequate exposure to sunlight and > 90% reporting adequate intake of dairy products.
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ارتفاع معدّل انتشار عَوَز الفيتامين D في المنطقة الشرقية المشمسة في السعودية: دراسة مرتكزُها المستشفى
محمد السماك، عبد العزيز الوصايـبي، عبد الله الحويش، جمال السعيد

الخلاصـة: قيّمت هذه الدراسة حالة الفيتامين D في مجموعة أترابية من صغار السعوديين الأصحاء في المنطقة الشرقية من السعودية، حيث أجابت 
عينة تضمّ 139 من المتبرعين بالدم )87 ذكراً، و52 أنثى( على استبيان حول السوابق السريرية، بما في ذلك تناول مكمّلات الفيتامين D والأغذية الغنية 
D في المصل،  25 - هيدروكسي فيتامين  بالكالسيوم والتعرّض لأشعة الشمس. وقد أُخذت عينات من الدم للفحص الكيميائي الروتيني، وقياس 
رَيْقي في  البلازما. ووجد أن مستوى 25 - هيدروكسي الفيتامين D المصلي لم يختلف اختلافاً يُعْتَدُّ به بين الذكور والإناث، ولو  ومستويات الهرمون الدُّ
أن المستويات كانت أقل من ]10.1 )الانحراف المعياري 4.6( نانو غرام/مل، و9.9 )الانحراف المعياري 4.5( نانو غرام/مل على التوالي[. أما بعد 
استبعاد الأشخاص الذين لديهم مستويات مرتفعة من الهرمون الدريقي، فقد ظل 25 -هيدروكسي الفيتامين D المصلي في حدود العَوَز. وكان معدّل 
انتشار عوز الفيتامين D مرتفعاً في عينة السعوديين مع أن أكثر من 65% من المشاركين كانوا يتعرّضون لأشعة الشمس، وذكر أكثر من 90% منهم أنهم 

يتناولون كميات كافية من منتجات الألبان.

Prévalence élevée de carence en vitamine D dans la région ensoleillée de l’est de l’Arabie saoudite : une 
étude en milieu hospitalier

résumé La présente étude a évalué le statut en vitamine D d’une cohorte de jeunes saoudiens en bonne santé 
résidant dans la région de l’est de l’Arabie saoudite. Les 139 donneurs de sang de l’échantillon (87 hommes 
et 52 femmes) ont rempli un questionnaire portant sur leurs antécédents médicaux. Les répondants devaient 
aussi préciser s’ils prenaient des compléments en vitamine D, quelle était leur consommation d’aliments riches 
en calcium et dans quelle mesure ils s’exposaient au soleil. Des échantillons sanguins ont été recueillis pour 
des analyses biochimiques classiques, à savoir le dosage sérique de la 25-Hydroxyvitamine D [25(OH)3] et les 
taux plasmatiques de l’hormone parathyroïde. Les valeurs sériques de la 25-Hydroxyvitamine D n’étaient pas 
significativement différentes entre les hommes et les femmes, même si ces valeurs étaient faibles (10,1 ng/ml 
[E.T. 4,6] et 9,9 ng/ml [E.T. 4,5], respectivement). Lorsque les patients présentant des taux élevés d’hormone 
parathyroïde ont été exclus, les taux sériques de la 25-Hydroxyvitamine D se situaient toujours dans la 
plage correspondant à une carence. L’échantillon de Saoudiens étudié présentait une prévalence élevée de 
carence en vitamine D en dépit d’une exposition solaire adéquate pour plus de 65 % des participants et d’une 
consommation appropriée de produits laitiers pour plus de 90 % d’entre eux.
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Introduction

Vitamin D is an important nutrient for 
healthy bones and a deficiency of the 
vitamin may result in metabolic bone 
diseases leading to rickets in children or 
osteomalacia in adults [1,2]. The vitamin 
D level is regulated through the interac-
tion of various factors, including intes-
tinal absorption, renal function, serum 
calcium level and parathyroid hormone 
(PTH) [3]. The 2 main sources for vita-
min D are dietary intake and synthesis 
in the skin on exposure to ultraviolet-B 
(UVB) light from sunlight [4]. Skin 
pigmentation may play an important 
role in determining vitamin D levels as 
darker skin colour may limit the amount 
of UVB light that penetrates, thereby 
reducing the cutaneous synthesis of 
vitamin D [5].

Serum 25-hydroxyvitamin D 
[25(OH)D] level is considered to be 
the best indicator of vitamin D status, 
with reference ranges from 15 or 16 
ng/mL to more than 40 or 48 ng/mL 
[6]. A 25(OH)D level below 8 ng/
mL (the threshold for development 
of rickets/osteomalacia) has usually 
been termed vitamin D insufficiency 
[7]. Another important measure is the 
serum PTH level which increases in 
response to insufficient calcium in order 
to stimulate bone resorption and in-
crease the serum calcium necessary for 
the different biological processes in the 
body, e.g. muscle contraction and nerve 
conduction [8]. Many studies have re-
ported an inverse association between 
serum PTH concentrations and serum 
25(OH)D concentrations [9–11].

In areas such as Saudi Arabia where 
there is plentiful sunlight and many food 
products are fortified with vitamin D, it 
would be expected that the vitamin D 
level would be adequate in the majority 
of the population. Despite some cul-
tural factors that may negatively affect 
serum vitamin D levels of Saudi women 
(e.g. high gravidity and clothing that 
limits skin exposure to the sun), these 
factors do not apply to males and hence 

vitamin D ranges may be expected to 
be different between males and females. 
In our practice in the Eastern region of 
Saudi Arabia we noted that a substantial 
proportion of patients as well as healthy 
subjects coming for routine screening 
have subnormal levels of vitamin D. 
The aim of this study was to measure the 
vitamin D level in a cohort of blood do-
nors in order to evaluate the vitamin D 
status of healthy adult Saudi Arabians.

Methods

Sample
Subjects included in this study were 
coming for routine checkups before 
blood donation at King Fahd hospital, 
Dammam, Saudi Arabia. All of them 
were Saudi nationals living in the East-
ern region of Saudi Arabia and were 
apparently healthy with no associated 
medical problems. The study was ap-
proved by King Fahd University hospi-
tal ethical committee. All subjects gave 
their consent to participate in the study.

The sample was 139 subjects (87 
males and 52 females). A total of 176 
subjects were initially included in the 
study, 139 met the inclusion criteria 
and 61 were excluded from the study 
due to various reasons (7 had recent 
viral infection, 15 were taking vitamin D 
and calcium supplements, 10 had unex-
plained elevation of liver function, 3 had 
elevated serum creatinine and 2 were on 
lithium therapy). The study was carried 
out during winter between December 
2008 and March 2009. Average winter 
temperatures in the Eastern region are 
18–25 °C during daytime. 

A full clinical examination and clini-
cal history were taken from all subjects 
participating in the study. Exclusion 
criteria included: any acute or chronic 
illness, liver or renal, endocrine or au-
toimmune disease, taking any regular 
medication which can affect vitamin D 
level (e.g. vitamin D or calcium supple-
mentation, phenytoin), elevated PTH 
level or impaired renal function.

Data collection
In addition to the clinical examination, 
participants were given a questionnaire 
addressing their frequency of sun ex-
posure, daily intake of dairy products, 
history of vitamin D or calcium sup-
plementation, history of bone aches or 
pains and intake of any medications 
that could affect vitamin D metabolism. 
Adequate intake of dairy products was 
defined as 200 mL of fortified milk, 50 g 
of cheddar cheese and 1 pot of yoghurt. 
Adequate exposure to sunlight was de-
fined as regular exposure at least twice a 
week between 09.00–12.00 hours for 40 
minutes with at least forearms and legs 
exposed to direct sunlight. Weight, height 
and blood pressure were recorded.

A 10 mL blood sample was taken 
from each participant. An aliquot of 
blood was taken on EDTA for haemo-
globin measurement. Blood was cen-
trifuged and serum was separated and 
analysed promptly. Laboratory studies 
included measurement of random glu-
cose, urea, creatinine, uric acid, calcium, 
phosphorous, alkaline phosphatase, 
total protein and albumin and alanine 
transaminase (ALT). These parameters 
were measured using a clinical chemis-
try analyser (Dimension RxL, Siemens 
Diagnostics). Serum intact PTH level 
was measured using an immunoassay 
analyser (Architect 2000i, Abbott), 
while serum 25(OH)D was measured 
using a chemiluminescence immu-
noassay analyser (Liaison, Diasorin) 
The intra-assay coefficient of variation 
was 11.6%. Both high and low quality 
control materials were included with 
each run and verified to be within the 
expected quality control ranges before 
accepting the results.

The reference ranges used in our 
laboratory for 25 OH vitamin D were as 
follows: 0–5 ng/mL (deficiency), 5–39 
ng/mL (insufficiency) and 40–100 
ng/mL (sufficiency). The reference 
range for other variables were: PTH 
15–68.3 pg/mL, haemoglobin 12–17 
g/dL, urea 2.7–7.2 mmol/L, creatinine 
71–115 µmol/L, uric acid 155–357 
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µmol/L, calcium 2.22–2.64 mmol/L, 
phosphorous 0.7–1.5 mmol/L, alkaline 
phosphatase 54–144 U/L, ALT 17–49 
U/L, total protein 64–82 g/L and albu-
min 34–50 g/L.

Statistical analysis
Normally distributed variables were 
expressed as mean and standard de-
viation (SD), while variables with non-
Gaussian distribution were expressed as 
median, range and 25 to 75 percentiles. 
The statistical software package SPSS, 
version 11.0, was used for statistical test-
ing of the data.

Results

The clinical and biochemical data of 
the participants are shown in Table 1. 
There was no significant age difference 
between males and females: mean age 
30.0 (SD 8.5) years versus 31.0 (SD 
7.2) years respectively. A substantial per-
centage of male and female participants 
(90% and 93% respectively) reported a 
sufficient regular intake of dairy products 
to satisfy their daily need for calcium. 
The percentage of females and males 
reporting regular exposure to sunlight 
were 68% and 65% respectively.

The serum creatinine level of males 
was significantly higher than in females, 
which is expected due to the higher 
body mass index of males. However, this 
elevated level of serum creatinine [85.6 
(SD 12.5) µmol/L] was still within the 
laboratory reference ranges for males in 
this age group (71–115 µmol/L). There 
was no significant difference between 
males and females regarding fasting se-
rum glucose, serum uric acid, total pro-
tein, albumin, phosphorous, calcium or 
alkaline phosphate levels. However, the 
mean values of serum calcium in both 
groups were towards the lower level of 
normal (< 2.2 mmol/L). ALT was sig-
nificantly higher in males than females, 
which may be due to a mild degree of 
fatty liver disease in some overweight 
males in the sample.

Serum PTH levels were significantly 
higher in males than females (P < 0.01): 
67.0 (SD 35.3) versus 47.5 (SD 19.6) 
pg/mL respectively. For males the range 
for PTH was from 19.8–204 pg/mL and 
for females from 12.5–93.8 pg/mL.

Serum 25(OH)D levels were low; 
mean levels in males and females were 
10.1 (SD 4.6) ng/mL and 9.9 (SD 4.5) 
ng/mL respectively (Figure 1). These 
25(OH)3 levels did not differ signifi-
cantly between males and females.

PTH levels did not correlate with 
serum 25(OH)D levels in either male 
or female groups (r = 0.35, P = 0.75 and  
r = 0.11, P = 0.44 respectively). However, 
the serum 25(OH)D levels correlated 
with the serum calcium levels in both 
groups (r = 0.34, P = 0.040 and r = 0.302, 
P = 0.03 respectively).

As elevated serum PTH level reflects 
a state of either clinical or subclinical vi-
tamin D deficiency to maintain normal 
serum calcium, subjects with increased 

PTH level above the upper part of the 
reference ranges for PTH assay (i.e. 
> 68.0 pg/mL) were excluded (30 
males and 10 females) and the 25(OH)
D data were reanalysed. The adjusted 
figures showed a serum 25(OH)D level 
of 10.1 (SD 4.5) ng/mL in males and 
10.2 (SD 4.8) ng/mL in females, which 
was still within the deficiency range for 
serum 25(OH)D (Figure 2). There 
were no significant differences between 
males and females in these adjusted 
serum 25(OH)D levels (P > 0.05).

Serum alkaline phosphatase levels 
were not increased in either males or 
females participating in the study de-
spite the low serum 25(OH)D level 
reported.

Discussion

The current study evaluated serum 
25(OH)D and its relationship to PTH 

Table 1 Clinical and biochemical characteristics of the study groups of male and 
female Saudi Arabians

Parameter Males (n = 87) Females (n = 52)

Mean (SD) age (years) 30.0 (8.5) 31.0 (7.2)

Mean (SD) BMI (kg/m2) 27.2 (2.3) 26.2 (2.4)

Mean (SD) blood pressure (mmHg) 77.5 (5.9) 72.0 (8.3)

% with regular sun exposure 65 68

% with regular intake of dairy products 90 93

Laboratory parameters [mean (SD) values]

Haemoglobin (g/dL) 16.1 (1.5) 14.8 (0.9)

Random glucose (mmol/L) 5.8 (0.5) 5.5 (0.6)

Urea (mmol/L) 4.2 (2.7) 5.1 (1.5)

Creatinine (mmol/L) 85.6 (12.5)* 56.6 (14.8)

Uric acid (µmol/L) 200.3 (64.8) 191.4 (46.3)

Calcium (mmol/L) 2.12 (0.08) 2.14 (0.07)

Phosphorous (mmol/L) 1.10 (0.15) 1.01 (0.20)

Alkaline phosphatase (U/L) 93.1 (29.6) 74.4 (19.2)

ALT (U/L) 46.1 (10.6)* 28.1 (7.0)

Total protein (g/L) 74.6 (4.4) 68.8 (4.9)

Albumin (g/L) 42.7 (2.4) 39.3 (3.3)

PTH (pg/mL) 67.0 (35.3)* 47.5 (19.6)

25(OH)D (ng/mL) 10.1 (4.6) 9.9 (4.5)

*P < 0.05. 
PTH conversion factor: pg/mL × 0.1053 = pmol/L; 25(OH)D conversion factor: ng/mL × 2.5 = nmol/L. 
 SD = standard deviation; BMI = body mass index; ALT = alanine transaminase; PTH = parathyroid hormone; 
25(OH)D = 25-hydroxyvitamin D. 
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in a cohort of healthy Saudi subjects. 
Vitamin D plays a critical role in bone 
metabolism and many cellular and im-
munological processes [12]. Low levels 
of vitamin D have been associated with 
various chronic diseases, especially 
osteoporosis [13,14]. Vitamin D is syn-
thesized in the skin through exposure 
to UVB radiation, and solar radiation 
is the primary source of vitamin D for 
most people [15]. Vitamin D is also ac-
quired from the diet from sources where 

it occurs naturally (such as fatty fish, fish 
oil and eggs), from fortified products 
(such as milk and orange juice) and from 
supplements [16]. In areas far from the 
equator the amount of UVB available 
from sunlight during the winter months is 
inadequate to allow cutaneous vitamin D 
synthesis. However, in Saudi Arabia there 
should be sufficient sunlight to allow 
for vitamin D synthesis [17]. Different 
factors can affect serum vitamin D level, 
including skin pigmentation (synthesis 

decreases in dark skin), ageing (vitamin 
D synthetic capacity decreases with 
ageing), the use of sun blocking agents, 
chronic renal, liver and gastrointestinal 
tract diseases and the use of certain medi-
cations (e.g. anticonvulsants) [18]. Low 
levels of serum vitamin D and calcium 
exert a positive feedback on serum PTH 
to increase serum calcium level that 
stimulates the conversion of 25(OH)D 
to vitamin D and to increase the absorp-
tion of vitamin D from the gut. Different 
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Figure 1 Serum levels of 25-hydroxyvitamin D [25(OH)D] and parathyroid hormone (PTH) in the study groups of male and 
female Saudi Arabians. Boxplots show median values with 25th to 75th percentiles and minimum and maximum values [O 
= outliers (values larger than the upper quartile plus 1.5 times the interquartile range); * = extremes (values larger than the 
upper quartile plus 3 times the interquartile range)]
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Figure 2 Serum levels of serum 25-hydroxyvitamin D [25(OH)D] and parathyroid hormone (PTH) in the study groups of male 
and female Saudi Arabians after exclusion of subjects with elevated PTH level (> 68 pg/mL). Boxplots show median values 
with 25th to 75th percentiles and minimum and maximum values
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studies that have evaluated the status of 
vitamin D in different ethnic populations 
suggest concentrations < 10–11 ng/mL 
as deficiency [19,20]. Lower levels are 
expected to be associated with calcium 
malabsorption and hypocalcaemia, se-
vere hyperparathyroidism and vitamin D 
rickets or osteomalacia [21].

The current study found a marked 
deficiency in the serum 25(OH)D level 
in both male and female blood donors. 
Importantly, serum 25(OH)D did not 
correlate with PTH level. The low level 
of 25(OH)D found in the current study 
could not be explained by low intake or 
poor sun exposure, as a substantial pro-
portion of the participants in this study 
(90% of males and 93% of females) 
reported a sufficient nutritional intake 
of vitamin D and nearly 67% of them 
had regular exposure to UV sunlight. A 
possible explanation of this markedly 
low 25(OH)D level in both males and 
females is a racial difference in vitamin 
D concentration or a genetic predispo-
sition to vitamin D deficiency among 
Saudi Arabians. Pal et al. reported an ex-
tremely high prevalence of 25(OH)D 
deficiency in Asian populations living in 
the United Kingdom and hypothesized 
that there is a genetic predisposition to 
25(OH)D deficiency among Asians 
[22]. Similarly Maeda et al. and Peters et 
al. have reported deficient levels of vita-
min D in healthy adults and adolescents 
in Brazil [23,24]. They attributed these 
low levels to poor intake of vitamin D as 
there is abundant exposure to sunlight 

in Brazil. Vieth et al. studied a cohort of 
young healthy Canadian women (aged 
18–35 years) in Toronto and found 
similarly low levels of vitamin D (< 40 
nmol/L, 16 ng/mL) in a substantial 
proportion of participants during the 
winter months [25]. Rucker et al. re-
ported similar results in Canadians of 
European ancestry [26].

Another possible explanation of 
these low 25(OH)D levels in our co-
hort of patients is that women in Saudi 
Arabia wear the traditional Islamic veil, 
which prevents the penetration of the 
UVB light needed for the synthesis of 
vitamin D. Certainly Hobbs et al. re-
ported severe vitamin D deficiency in 
Arab–American women who wear the 
veil [27]. However, this does not explain 
why Saudi Arabian men had similarly 
low levels of vitamin D. Even if we hy-
pothesize that Saudi Arabians have a 
mildly dark skin which could limit the 
penetration of UVB light, over 90% of 
participants reported an adequate in-
take of calcium and vitamin D rich food 
products which should compensate for 
a lack of cutaneous synthesis of vitamin 
D. This suggests that there are racial 
differences in the absorption of calcium 
and vitamin D from the gut.

An important finding is that we 
could not find a correlation between 
serum 25(OH)D and PTH levels, and 
the mean serum 25(OH)D level was 
still in the lower end of the reference 
range even after exclusion of patients 
with high PTH levels. In other words, 

although vitamin D levels were mark-
edly reduced, the PTH level was not 
increased in the majority of participants. 
This finding agrees with Haarburger 
et al., who found that the subnormal 
25(OH)D level in their South Af-
rican cohort was also not related to 
hypocalcaemia or a significant rise in 
PTH. They suggested that 25(OH)
D measurements should be requested 
when vitamin D deficiency is clinically 
suspected, irrespective of calcium and 
PTH biochemical results [28].

This study has presented a prelimi-
nary evaluation of vitamin D status in 
young, apparently healthy Saudi Ara-
bians. Our data showed that the preva-
lence of 25(OH)D deficiency was high 
among Saudi Arabians and suggest the 
need to increase the fortification of food 
products with vitamin D and screening 
for vitamin D deficiency among not 
only the elderly but also young Saudi 
adults to prevent future morbidity. Fu-
ture studies should include evaluation of 
bone mineral density and comparison 
with the reference range for adults of 
similar age and sex. Another important 
point is to stratify the reference ranges 
according to factors such as season and 
ethnic background. Other studies are 
needed to measure the degree of skin 
pigmentation quantitatively and its 
correlation to vitamin D level and to 
monitor biochemical parameters after 
vitamin D supplementation. These may 
help to establish if there are racial differ-
ences in vitamin D handling.
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