
CONSENSUS STATEMENT

Diagnosis and management of vitamin D deficiency in the Gulf
Cooperative Council (GCC) countries: an expert consensus summary
statement from the GCC vitamin D advisory board

Yousef Al Saleh1,2,3,4
& Salem A. Beshyah5,6

& Wiam Hussein7
& Abdulrazzaq Almadani8 & Ahmed Hassoun9

&

Ali Al Mamari10 & Ebtesam Ba-Essa11,12 & Essa Al-Dhafiri13 & Mohammed Hassanein14
& Mona A. Fouda15 &

Nadia Al Ali16 & Naji Aljohani1,4,17 & Nasreen Al-Sayed18
& Neil Gittoes19 & Tarik Elhadd20

& Waleed Al-Baker12 &

Shaun Sabico4
& Nasser Al-Daghri4

Received: 10 November 2019 /Accepted: 6 January 2020
# International Osteoporosis Foundation and National Osteoporosis Foundation 2020

Abstract

Objective
A summary of recommendations is given within the Gulf Cooperation Council (GCC) setting on the assessment andmanagement
of vitamin D deficiency in the region.

Methods
An assembly of 11 regional experts gathered to formulate an all-inclusive approach to vitamin D deficiency within GCC.

Results and Conclusion
Several gaps were identified before regional guidelines could be developed. These include adequacy and standardization of
vitamin D testing, frequency of repeated testing and reference ranges, distinguishing prevention from the treatment of vitamin D
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deficiency, quality assurance of vitamin D products sold within GCC including contents and origins of products, and cut-points
for vitamin D levels in local populations. A platform is created that can be further developed for overall regional implementation.
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Introduction

Management of vitamin D deficiency varies across health-
care sectors in the Gulf Cooperation Council (GCC) countries,
depending on whether the hospital is private or government,
supplements available in the market and whether vitamin D
testing is covered by the individual’s health insurance.
Nevertheless, there is uniformity among GCC health practi-
tioners that current international guidelines, at least for the
general population, may not be applicable in the region.
Aside from the known geographical and cultural differences
that can contribute to the wide variations in serum 25(OH) D
concentrations across ethnic groups, emerging evidence on
the genetic components may also play a major factor in an
individual’s vitamin D status [1].

An assembly of 11 regional experts in vitamin D and en-
docrinology (6 from Saudi Arabia (SA), 3 from United Arab
Emirates (UAE), and 2 from Bahrain) met in September 2018
in Dubai, UAE. One member from Kuwait, Oman, and Qatar
joined the group later. They aimed to review vitamin D defi-
ciency in populations within the Gulf Cooperation Council
(GCC) countries with the view to the formulation of an all-
inclusive approach to vitamin D deficiency management in
the region. Further discussions, developments, and revisions
were undertaken through several rounds of multilateral per-
sonal and electronic communications resulting in the final
version of this manuscript.

Current international guidelines for vitamin D were
highlighted in the meeting [2, 3], as well as the availability
of country-specific vitamin D guidelines within the region
including KSA [4] and UAE [5]. All experts agreed, based
on current evidence, that the prevalence of vitamin D deficien-
cy in the Middle East including GCC is relatively higher as
compared with its Western and Eastern counterparts, and the
adoption of regional guidelines is needed.

The present position paper discusses the issue of vitamin D
deficiency in the region in terms of prevalence, its association
to locally prevalent diseases such as osteoporosis, osteomala-
cia, and osteopenia. The position paper also addresses the
applicability of European and Western guidelines in the
Middle East, the necessity of standardizing laboratory tests
in the region, the variability of vitamin D treatment regimens
available, and the importance of promoting sunlight exposure
and physical activity in local populations as a natural method
for vitamin D level correction. The literature presented in this
paper is non-protocol based and is a qualitative summary of

evidence gathered based on existing literature available with
emphasis on studies done in the region.

Vitamin D deficiency in GCC countries

There is already an abundance of epidemiologic evidence im-
plicating that the Middle East and the North African region is
home to a population with some of the lowest serum levels of
25-hydroxy (OH) D globally [6–8]. The most recent update as
identified in 41 regional observational studies mentioned that
the prevalence of people with serum 25(OH) D < 50 nmol/l in
the region ranged between 12 and 96% in the pediatric popu-
lation, 54–90% in pregnant women, and between 44 and 96%
in the general adult population [9]. Within the region, GCC
has registered some of the highest prevalence of vitamin D
deficiency in the Arab population (25(OH) D < 50 nmol/l):
81% among Saudis (adults, children and adolescents, neo-
nates and pregnant/lactating women) [10], 86% among adult
Emiratis [11], 86.4% among healthy adult Bahrainis [12],
64% among adult Qataris [13], 100% among Omani women
of reproductive age [14], and greater than 80% among adult
Kuwaitis [15]. Predictors of vitamin D deficiency within the
region include age, being female, multi-parity, clothing style,
season, social status, and residing in urban areas [7].

Given the overwhelming evidence as described above, some
GCC nations have already adopted their own guidelines such as
KSA [4] andUAE [5]. Several more recent guideline statements
have also been formulated for global [16] and regional [17] use,
with full consideration of the statements made from the Institute
of Medicine (IOM) and the Endocrine Society. Despite differ-
ences in management approach, there is near-universal agree-
ment that serum 25(OH) D levels should be higher than 25–
30 nmol/l regardless of the individual’s age, especially in high-
risk groups (children, pregnant and lactating women, and elder-
ly), and that disease-specific vitamin D guidelines are almost
applied globally. Regional and country-specific variations in
vitamin D management are focused on the general population.

The present consensus is tailored to the geographical loca-
tion and while recommendations from several GCC countries
already exist, other GCC nations are still reliant on interna-
tional guidelines which are inapplicable to the GCC setting,
given its unique risk factors. An assembly was thus created to
address the vitamin D deficiency management scheme within
the GCC with the hope of producing a unified and customized
approach to combat vitamin D deficiency for the general GCC
population.
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Vitamin D status definition

The consensus of regional experts is to adapt the following
cut-offs presented in Table 1 on the basis of impact on bone
health [18–23].

Although the majority of international guidelines have a
target of ≥ 50 nmol/l, the minimum consensus within the glob-
al scientific community is that serum 25(OH) D < 25–
30 nmol/l must be treated and prevented [18]. The global
consensus on the minimum target is also well within the
new proposed cut-off of 50 nmol/l for 25(OH) D for optimal
bone health in the Saudi population, which was conducted
among 2131 adult Saudis and was based on the gold standard
parathyroid hormone (PTH) cut-off > 6.9 pmol/l threshold
[19]. Vitamin D deficiency has already been clearly
established as a major cause of nutritional rickets and osteo-
malacia [20, 21]. Harder outcomes, however, such as fracture
remains controversial, as new studies implicate that even ge-
netic predisposition to low vitamin D is not associated with
fracture risk [22] and that vitamin D supplementation as a
monotherapy or in combination with calcium was not linked
with reduced fracture incidence among community-dwelling
adults without history of fracture, osteoporosis, or known vi-
tamin D deficiency [23]. European experts, however, ac-
knowledge that although calcium and vitamin D supplemen-
tation may not be the best strategy at a population level inter-
vention, it is still recommended at least for those at high risk
for calcium and vitamin D insufficiency, as well as those who
are on anti-osteoporosis medications [24]. Regional experts
also agree that while seeing patients presenting with bone
pathologies due to vitamin D deficiency were not frequently
seen, the aim of treating vitamin D deficiency was the preven-
tion of diseases by reducing the risk of developing them.

Vitamin D status assessment

At present, the most appropriate instrument for the assessment
of total 25(OH) D and other analogues is the liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
[25]. Reference methods that are considered as gold standards
from the Vitamin D Standardization Program (VDSP) include
those taken from the Centers for Disease and Control (CDC),
National Institutes of Standards and Technology (NIST), and
University of Ghent [26]. In the GCC setting of major

hospitals, however, automated immunometric assays are
widely used, and significant variations in vitamin D status
have been documented [27, 28]. All regional experts agreed
that all major hospitals and clinical laboratories that measure
vitamin Dmetabolites within the GCC should be standardized
by participating in major quality assurance schemes such as
the Vitamin D External Quality Assessment Scheme
(DEQAS) or the College of American Pathologists
Accuracy-Based Vitamin D program (ABVD). Experts also
agreed with the use of total serum 25(OH) D for the assess-
ment of nutritional vitamin D status and that general practi-
tioners within the region should be aware of the common units
used for vitamin D and its conversion to prevent misdiagnosis
and management. Among the GCC countries, only UAE,
courtesy of the Dubai Health Authority has no restriction on
vitamin D testing. Other GCC countries, however, have re-
stricted vitamin D testing and is not covered by many medical
insurance companies. Hence, standardized testing may prove
unnecessary due to the variability in vitamin D treatment prac-
tice as well as vitamin D test priority in different health sys-
tems. Given that the majority of residents within the GCC are
already vitamin D deficient, universal screening for vitamin D
deficiency, therefore, is not recommended. Asymptomatic pa-
tients with a high risk of vitamin D deficiency should be treat-
ed empirically without testing, and those at high risk and with
high clinical suspicion should be tested to determine the ap-
propriate dose. The group also agreed that conducting more
than 3 tests per year was irresponsible, which stipulates a
minimum interval of 3–6 months between repeated tests.

Non-pharmacologic treatment for the GCC
general population

Vitamin D deficiency is usually a reflection of inadequate sun-
light exposure. Safe sunlight exposure, therefore, is the clear
primary option for vitamin D correction and not exogenous
sources [29]. Adequate sun exposure is advised for the GCC
general population. Vitamin D recommendations from Saudi
Arabia included the most appropriate times for sunlight expo-
sure and are as follows: summertime from 9:00 a.m. until before
10:30 a.m. as well as 2:00 p.m. until 3:00 p.m. and winter time
from 10 a.m. to 2 p.m., 3–4 times a week [4, 30]. Some experts
also noted that despite year-long sunlight and long summer
seasons in the GCC and Saudi Arabia in particular, the preva-
lence of skin cancer is low as compared with the West [31].
While limited studies are available in the GCC as to the length
of sunlight exposure relative to skin color, one study in Saudi
Arabia demonstrated the lack of effect of sunlight exposure and
skin color on vitamin D status in both children and adults [32].

Increased dietary vitamin D intake is also advised, espe-
cially among postmenopausal women, in combination with
increased protein intake in maintainingmusculoskeletal health

Table 1 Vitamin D status by definition

Status Deficiency Sufficiency

Serum total 25(OH) D < 20 ng/ml ≥ 20 ng/ml

< 50 nmol/L ≥ 50 nmol/L

Cut-off based on impact on bone health [18–23]

Arch Osteoporos           (2020) 15:35 Page 3 of 8    35 



in this demographics [33]. A summary of vitamin D-rich
foods are presented in Table 2 [4]. All regional experts agree
that food fortification is necessary to combat vitamin D defi-
ciency. A recent meta-analysis done in Middle Eastern coun-
tries highlighted several micronutrient deficiencies common
in the region including folate, iron, and vitamin D and that
food fortification within the region is ineffective and insuffi-
cient despite a wealth of data indicating high prevalence of
micronutrient deficiencies in the region [34].

Vitamin D supplements

Available literature derived from Western countries using
doses above 2000 IU daily has not provided compelling

evidence of additional benefits to warrant recommendation
[35]. Unfortunately, there is also a lack of randomized clinical
trials in GCC supporting the use of higher doses of vitamin D
supplementation in the region. Almost all regional experts
agree, however, that doses of 1000–2000 IU daily, or higher,
has been the common practice within the larger Middle East
area, given the high prevalence of vitamin D deficiency and
the failure of patients to achieve desired levels as set by inter-
national recommendations. Meta-analysis studies done by
Chaktoura and colleagues within the Middle East and North
Africa (MENA) region identified that individuals given high
dose (> 2000 IU/day) had at least 71% chances of achieving
the target of > 50 nmol/l in adults [36]. The same group rec-
ommended an intermediate dose (1000–2000 IU/day)
among children and pregnant women as it had 74% and
73% chance of achieving the target of > 50 nmol/l, respec-
tively [37]. Higher maintenance doses are needed for the
obese, patients with malabsorption, and some post-bariatric
surgery patients.

Cholecalciferol was the recommended type of vitamin D to
be prescribed and adoption of 50,000 IU initial loading dose
weekly for 6 weeks was preferred for severely deficient cases
and those at high risk for osteoporosis (except for pregnant
women and those with renal impairment). The regional ex-
perts recommended that product origins and descriptions
should be explicitly provided in the labels, as most GCC pa-
tients are cautious on how the medications were prepared and
if it is in accordance with Islamic traditions since some may
contain gelatin of pork origin. Toxicity to vitamin D is a rare
phenomenon and has been echoed by most regional ex-
perts. Nevertheless, mega-doses of vitamin D is still prac-
ticed with caution in the region, especially if the aim of
therapy is for non-skeletal outcomes. The recent negative
results of ViDA and VITAL trials support the theory that
vitamin D supplementation is not effective with respect to

Table 2 Selected dietary sources of vitamin D

Food IUs/
serving

% Daily
value

Cod liver oil, 1 tablespoon 1360 340

Swordfish, cooked, 3 oz 566 142

Salmon, cooked, 3 oz 447 112

Tuna fish, canned in water, drained, 3 oz 154 39

Orange juice fortified with vitamin D, 1 cup 137 34

Milk, no-fat, reduced fat, and whole, vitamin
D-fortified, 1 cup

115–124 29–31

Yogurt fortified with 20% of the DV for vitaminD,
6 oz (more heavily fortified yogurts provide
more of the DV)

80 20

Sardines, canned in oil, drained, 2 sardines 46 12

Liver, beef, cooked, 3 oz 42 11

Egg, 1 large (vitamin D is found in yolk) 41 10

Cheese, Swiss, 1 oz 6 2

DV, daily value; adapted with permission from Al-Daghri et al. 2017 [4]

Table 3 List of Available (at this time) Vitamin D3 (Cholecalciferol) Supplements in Saudi Arabia (Multivitamins excluded)a

Tradename Formulations Dosage Form Company

VI-DE-3 4500 /IU/ml Oral drops Novartis Pharma Ag

VIDROP 2800 /IU/ml Oral drops Medical Union Pharmaceuticals Co

BIODAL 50000 IU Tablet Hayat Pharmaceutical Industries

ESSENTIAL D-3 50000 IU, 5000 IU, 10000IU Capsule Arnet Pharmaceutical Corp

VITA D 50000 50000 IU Tablet Synergy Pharma

VI-DAL 5000 IU,10000 IU, 50000IU Capsule Jazeera Pharmaceutical Industries (JPI)

VEGGIE VITAMIN D3 50000 IU. 5000 IU Capsule, soft Saudi Dox For Pharmaceutical Industries

PRIMA D3 2000 IU, 5000 IU, 10000 IU,50000 IU Capsule, soft Jamjoom Pharmaceuticals Company

DIVAD 10000 I.U 10000 /IU Capsule Dar Aldawa

DIBASA 10000 I.U 10000/IU Oral drops NewBridge Pharmaceuticals
DIBASA 100000 I.U 100000/IU Ampoule, oral

DIBASA 300000 I.U 300000/IU Ampoule, oral

Note: Taken from the Saudi Food and Drug Authority Drug List (available at www.sfda.gov.sa/en).
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Table 4 List of Available Vitamin D3 (Cholecalciferol) Supplements in United Arab Emirates, Oman, Kuwait and Bahrain (Multivitamins excluded)

Tradename Formulations Dosage Form Manufacturer

1. United Arab Emiratesa

VITA D 50,000/IU Tablets Synergy Pharma, UAE
10,000/IU

1,000/IU

SunTabs 400/IU Tablet

Sundrops 400/IU/ml Oral Drops

ULTRA D 5000/IU Tablets

VITAMIN D3 50,000/IU Capsules Ameri-Vite, Inc., USA

VITAMIN D3 300,000/IU Injection Streuli, Switzerland

EURO D 10,000/IU Capsules Euro-Pharma Int'l, Canada

MINISUN 400/IU; 800/IU Tablet Oy Verman Ab, Finland

D-CAL 5mcg, 600mg Film coated tablets Pharmalab, Canada

PROVITA D3 1000/IU Tablets Factors Group of Nutritional Companies, Canada

2. Omanb

HI-DEE 10,000/IU, 50,000/IU, 5,000/IU Capsule United Pharmaceutical Manufacturing Co. Ltd., Jordan
2000/IU Drops

2000/IU Capsules

3. Kuwaitc

Sundrops 400/IU/ml Drops Synergy Pharma, UAE
VITA D 50,000/IU Tablets

ULTRA-D3 1000/IU Tablets Vitabiotics Ltd

Vitamin D3 10,000 IU Capsule Future Way Nutrition

Vitamin D3 50,000 IU Capsule Natro Health

Vitamin D3 5,000 IU/ml Liquid Solgar

Vitamin D3 2,800 IU Drops Mup

Vitamin D3 600,000 IU IM injection Multiple

Dibase 10000 10000 IU Oral drops NewBridge Pharmaceuticals
Dibase 25000 25000 IU Oral solution

Dibase 50000 50000IU Oral Solution

4. Bahraind

HI-DEE 2000 IU/5 ML Drops United Pharmaceutical Manufacturing Co. LTD, Jordan.

2000 IU, 5000 IU, 10,000 IU, 50, 000 IU Capsule

Ultra D3 1000 IU Tablet Thompson & Capper Limited for Vitabiotics, UK

D-Trol 1000 IU Capsule Vitane Pharma USA

Vita D3 5000 IU,10,000 IU Capsule Tishcon Corp, USA

Vidrop 2,800 IU/ml Drops Medical Union Pharmaceuticals (MUP), Egypt.

Solgar Vit D3 400 IU Capsule SOLGAR INC., USA

Health Aid Vit D3 1000 IU Tablet Thompson & Capper Limited For Health Aid, UK

Nb Vitamin D3 400 IU, 1000 IU Tablet Nature's Bounty Inc., USA

Sun-D 1000 IU Tablet Vitex Pharmaceuticals PTY. Ltd, Australia

D-Lux 400 IU/SPRAY Oral spray Cultech Limited For Betteryou, UK

5. Qatar5

Tera-D3 300,000 IU/ Ampoule IM injection Terra Pharmaceuticals, Istanbul, Turkey

D-VIT3 4,000IU/Ml Oral drops Istanbul ILacKoz, Turkey

aHealth Authority Abu Dhabi, UAE (Available at https://www.haad.ae/haad)
bMinistry of Health, Oman (Available at https://www.moh.gov.om/en/web/dgpadc)
cMinistry of Health, Kuwait (Available at https://www.moh.gov.kw)
d Courtesy of Dr Wiam Clinic for Diabetes and Endocrine Disorders, Riffa, Bahrain
e Compiled by Dr Tarik Elhadd, Doha, Qatar.
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cancer and cardiovascular diseases, specifically if the pa-
tient’s baseline vitamin D status is high [38, 39]. The
findings of the above 2 studies may not apply for the
GCC countries since baseline Vitamin D levels are quite
low. High bolus of vitamin D (100,000 IU) monthly has
also been observed as non-beneficial in the prevention of
falls and fractures among adults [40]. Injectable vitamin D
therapy is not recommended as routine treatment of vita-
min D deficiency except in very rare situations such as
severe malabsorption, non-compliance, and non-response
to oral therapy. Genetic factors such as vitamin D binding
gene polymorphisms should be taken into consideration
as it has been shown to affect response to vitamin D
therapy among Arab adults, but more research needs to
be done before this can be translated in actual clinical
practice [41]. Details of commonly marketed vitamin D
products are provided in Tables 3 and 4.

Future steps

The present consensus statement is the first among re-
gional advisory board meetings that culminated in the
formulation of vitamin D guidelines within the GCC re-
gion. The regional experts identified several gaps that
need to be addressed fully within the region, including
the necessity for quality assurance of products, adequate
laboratory testing, standardization of units and tests, fre-
quency of repeated testing and reference ranges, examin-
ing relevance of vitamin D in full life course, including
pregnancy and deriving adequate cut-off points for vita-
min D levels in local populations. More observational,
interventional, and clinical trial studies are encouraged
to be done within the region to determine the efficacy of
current available medications to other markers (e.g.,
irisin) and in the presence of other diseases for both skel-
etal and non-skeletal outcomes [42–44] as well as the
impact of PTH and vitamin D in fracture incidence within
GCC [45]. The regional experts also welcome experts
from other regions to share knowledge in similarities
and differences in treatment of vitamin D comparable
with the ones previously done between Europe and
China [46]. The regional experts are also on stand by
for the results of the ongoing mega-trials on the non-
skeletal effects of vitamin D supplementation [47, 48] as
well as on falls and non-vertebral fracture [40]. The pres-
ent consensus statement has been endorsed by the Gulf
Chapter of the American Association of Clinical
Endocrinologists (AACE), the Saudi Society of
Endocrinology and Metabolism and the different osteopo-
rosis societies in GCC. All endorsing societies will men-
tion the present consensus in their newsletters, local pub-
lications, and national/regional assemblies. All society

members will be notified via email about the present con-
sensus and will be encouraged to utilize it in their clinical
practice. However, as with all consensus reports, it is just
a tool and by no means a substitute for good clinical
judgment.

Summary of recommendations

Optimum 25 hydroxyvitamin (OH) D level and testing

& The operational definition for severe vitamin D deficiency
is < 25 nanomoles per liter (nmol/l) or 10 nanograms per
millilitre (ng/ml).

& The operational definition of vitamin D deficiency is
based on serum levels of 25(OH) D < 50 nmol/l.
Optimum levels should be above 50 nmol/l or 20 ng/ml.

& The higher limit for optimum levels is 125 nmol/l or
50 ng/ml.

Vitamin D deficiency testing

& Although the most appropriate instrument for 25 (OH) D
testing is mass spectrophotometry, this is not widely avail-
able in GCC laboratories.

& Serum or plasma 25(OH) D is recommended to determine
nutritional vitamin D status.

& Standardization of vitamin D tests and its metabolites by
clinical laboratories in all GCC from internationally rec-
ognized agencies is recommended.

& Universal screening for vitamin D deficiency is not rec-
ommended. The current evidence is insufficient to assess
the balance of benefits and harms of screening for vitamin
D deficiency in asymptomatic adults. The panel recom-
mend targeted screening of at-risk population.

& Vitamin D testing should not exceed 3 times per year.

Recommendations for the general population

& Increased sunlight exposure
& Increased vitamin D intake through fortification of foods

Vitamin D supplements

& Product origins and descriptions should be explicitly pro-
vided for GCC physicians and patients

& Vitamin D3, not D2, is recommended. D2, however, can
be used if no D3 is available.

& Adoption of 50000 IU loading dose weekly for 6 weeks is
preferred for severely deficient cases and those at high risk
for osteoporosis (except for pregnant women and those
with renal impairment).
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& Daily treatment dose of 800 to 2000 IU was the most
appropriate for adults and children over 12 years of age.
Daily dose should not exceed 4000 IU.

Endorsements

This consensus report is endorsed by the following societies:
American Association of Clinical Endocrinologists, Gulf
Chapter
Saudi Osteoporosis Society
Saudi Society of Endocrinology and Metabolism
Kuwait Osteoporosis Society
Emirates Diabetes Society

Acknowledgments The authors are grateful to the Chair for Biomarkers
of Chronic Diseases, Deanship of Scientific Research Chairs in King
Saud University, Riyadh, Saudi Arabia, for their support.

Authors’ contributions YAS and NAD conceived the idea of the state-
ment and drafted the original manuscript. All authors (SAB, WH, AA,
AH, AAM, EBE, EAD,MH,MAF, NAA,NA, NAS, NG, TE,WAB, and
SS) critically revised the manuscript for intellectual content, language,
and presentation. All authors approved the final version of the article.

Funding information Logistics of the initial meeting of the authors was
unconditionally facilitated by Consilient Health, MENA Office, Dubai
UAE. The funding body had no role in the conception, drafting, or final-
ization of the manuscript.

Compliance with ethical standards

Not required; No human or animal studies by the authors were reported.

Conflict of interest None.

References

1. Knight JA, Wong J, Cole DEC, Lee TK, Parra EJ (2017) Predictors
of 25-hydroxyvitamin D concentration measured at multiple time
points in a multi-ethnic population. Am J Epidemiol 186(10):1180–
1193

2. HolickMF, Binkley NC, Bischoff-Ferrari HA, GordonCM, Hanley
DA, Heaney RP, Murad MH, Weaver CM, Endocrine Society
(2011) Evaluation, treatment, and prevention of vitamin D deficien-
cy: an Endocrine Society clinical practice guideline. J Clin
Endocrinol Metab 96(7):1911–1930

3. IOM (Institute of Medicine). Dietary reference intakes for calcium
and vitamin D Committee to Review Dietary Reference Intakes for
Calcium and Vitamin D. Washington, DC: National Academies
Press, Institute of Medicine, 2011

4. Al-Daghri NM, Al-Saleh Y, Aljohani N, Sulimani R, Al-Othman
AM, Alfawaz H, Fouda M, Al-Amri F, Shahrani A, Alharbi M,
ALshahrani F, Tamimi W, Sabico S, Rizzoli R, Reginster JY
(2017) Vitamin D status correction in Saudi Arabia: an experts’
consensus under the auspices of the European Society for Clinical
and Economic Aspects of Osteoporosis, Osteoarthritis, and
Muskuloskeletal Diseases (ESCEO). Arch Osteoporos 12(1):1

5. Haq A, Wimalawansa SJ, Pludowski P, Anouti FA (2018) Clinical
practice guidelines for vitamin D in the United Arab Emirates. J
Steroid Biochem Mol Biol 175:4–11

6. Green RJ, Samy G, Miqdady MS, El-Hodhod M, Akinyinka OO,
Saleh G, Haddad J, Alsaedi SA,Mersal AY, Edris A, SalahM (2015)
Vitamin D deficiency and insufficiency in Africa and the Middle
East, despite year-round sunny days. S Afr Med J 105(7):603–605

7. Bassil D, Rahme M, Hoteit M, Fuleihan G-H (2013)
Hypovitaminosis D in the Middle East and North Africa: preva-
lence, risk factors and impact on outcomes. Dermatoendocrinol
592:274–298

8. Kelishadi R, Ardalan G, MotlaghME, Shariatinejad K, Heshmat R,
Poursafa P, Fakhri M, TajadiniM, TaslimiM (2014) National report
on the association of serum vitamin D with cardiometabolic risk
factors in the pediatric population of the Middle East and North
Africa (MENA): the CASPIAN-III Study. Nutrition 30(1):33–38

9. Chakhtoura M, RahmeM, Chamoun N, El-Hajj FG (2018) Vitamin
D in the Middle East and North Africa. Bone 8:135–146

10. Al-Daghri NM (2018) Vitamin D in Saudi Arabia: prevalence, dis-
tribution and disease associations. J Steroid BiochemMol Biol 175:
102–107

11. Haq A, Svobodova J, Imran S, Stanford C, Razzaque MS (2016)
Vitamin D deficiency: a single center analysis of patients from 136
countries. J Steroid Biochem Mol Biol 164:209–213

12. Golbahar J, Al-Saffar N, Altayab DIab D, Al-Othman S, Darwish
A, Al-Kafaji G (2014) Predictors of vitamin D deficiency and in-
sufficiency in adult Bahrainis: a cross-sectional study. Public Health
Nutr 17(4):732–738

13. Al-Dabhani K, Tsilidis KK, Murphy N, Ward HA, Elliott P, Riboli
E, Gunter M, Tzoulaki I (2014) Prevalence of vitamin D deficiency
and association with metabolic syndrome in a Qatari population.
Nutr Diabetes 7(4):e263

14. Al-Kindi MK (2011) Vitamin D status in healthy Omani women of
childbearing age: study of female staff at the Royal Hospital,
Muscat, Oman. Sultan Qaboos Univ Med J 11(1):56–61

15. Zhang FF, Al Hooti S, Al Zenki S, Alomirah H, Jamil KM, Rao A,
Al Jahmah N, Saltzman E, Ausman LM (2016) Vitamin D deficien-
cy is associated with high prevalence of diabetes in Kuwait adults:
results from a national survey. BMC Public Health Nutr 16:100

16. Pludowski P, HolickMF,GrantWB,Konstantynowicz J,Macarenhas
MR, Haq A, Povoroznyuk V, Balatska N, Barbosa AP, Karonova T,
Rudenka E, Misiorowski W, Zakhrova I, Rudenka A, Lukaszkiewicz
J, Marcinowska-Suchowierska E, Laszcz N, Abramowicz P, Bhattoa
HP,Wimalawansa SJ (2018) VitaminD supplementation guidelines. J
Steroid Biochem Mol Biol 175:125–135

17. Management of endocrine disease: current vitamin D status in
European and Middle East countries and strategies to prevent vita-
min D deficiency; a position statement of the European Calcified
Tissue Society. Eur J Endocrinol 2019

18. Pilz S, Zittermann A, Trummer C, Theiler-Schwetz V, Lerchbaum
E, Keppel MH, Grubler MR, Marz W, Pandis M (2019) Vitamin D
testing and treatment: a narrative review of current evidence.
Endocr Connect 8(2):R27–R43

19. AlQuaiz AM,MujammamiM, Hasanato RM, Alodhayani A, Shaik
SA, Al-Daghri NM (2019) Vitamin D cutoff point in relation to
parathyroid hormone: a population-based study in Riyadh City.
Saudi Arabia Arch Osteoporos 14(1):22

20. Munns CF, Shaw N, Kiely M, Specker BL, Thacher TD, Ozono K,
Michigami T, Tiosano D, Mughal MZ, Makitie O, Ramos-Abad L,
Ward L, DiMeglio LA, Atapattu N, Cassinelli H, Braegger C,
Pettifor JM, Seth A, Idris HW, Bhatia V, Fu J, Goldberg G,
Savendahl L, Khadgawat R, Pludowski P, Maddock J, Hypponen
E, Oduwole A, Frew E, Aguiar M, Tulchinsky T, Butler G, Hogler
W (2016) Global consensus recommendations on prevention and
management of nutritional rickets. J Clin Endocrinol Metab 101(2):
394–415

Arch Osteoporos           (2020) 15:35 Page 7 of 8    35 



21. Uday S, Hogler W (2017) Nutritional rickets and osteomalacia in
the twenty-first century: revised concepts, public health, and pre-
vention strategies. Curr Osteoporos Rep 15(4):293–302

22. Trajanoska K, Morris JA, Oei L, Zheng HF, Evans DM, Kiel DP,
Ohlsson C, Richards JB, Rivadeneira F, GEFOS/GENOMOS con-
sortium and the 23andMe research team (2018) Assessment of the
genetic and clinical determinants of fracture risk: genome wide
association and mendelian randomization study. BMJ 362:k3225

23. Kahwati LC, Weber RP, Pan H, Gourlay M, LeBlanc E, Coker-
Schwimmer M, Viswanathan M (2018) Vitamin D, calcium or com-
bined supplementation for the primary prevention of fractures in
community-dwelling adults: evidence report and systematic review
for theUSPreventive Services Task Force. JAMA319(15):1600–1612

24. Kanis JA, Cooper C, Rizzoli R, Reginster JY, Scientific Advisory
Board of the European Society for Clinical and Economic Aspects
of Osteoporosis (ESCEO) and the Committees of Scientific
Advisors and National Societies of the International Osteoporosis
Foundation (IOF) (2019) European guidance for the diagnosis and
management of osteoporosis in postmenopausal women.
Osteoporos Int 30(1):3–44

25. Ihige T, Satoh M, Ogawa S, Nishimura M, Higashi T, Nomura F
(2015) Assessment of vitamin D metabolism by LC-MS/MS.
Rinsho Byori 63(4):457–464

26. Cashman KD, Kiely M, Kinsella M, Durazo-Arvizu RA, Tian L,
Zhang Y, Lucey A, Flynn A, GibneyMJ, Vesper HW, Phinney KW,
Coates PM, PiccianoMF, Sempos CT (2013) Evaluation of vitamin
D standardization program protocols for standardizing serum 25-
hydroxyvitamin D data: a case study of the program’s potential for
national nutrition and health surveys. Am J Clin Nutr 97(6):1235–
1242

27. Sadat-Ali M, Al-Elq AH, Al-Shaikh IH, Al-Turki HA, Al-Ali AK,
Al-Othman AA (2014) Assessment of low vitamin D among Saudi
Arabians. Did we overshoot the runway? Saudi Med J 35(10):
1243–1249

28. Dafterdar R, Al-Fayoumi M, Saadeddin S, Khan R, Alothaim A,
Hasanato R, Al-Shangiti A, Fakhoury H, Tamimi W (2014)
Vitamin D immunoassay systems: a comparison. Br J Biomed Sci
71(3):127–130

29. Razzaque MS (2018) Sunlight exposure: do health benefits out-
weigh harm? J Steroid Biochem Mol Biol 175:44–48

30. Alshahrani FM, Almalki MH, Aljohani N, Alzahrani A, Alsaleh Y,
Holick MF (2013) Vitamin D light siside and best time of sunshine
in Riyadh, Saudi Arabia. Dermatoendocrinol 5(1):177–180

31. AlSalman SA, Alkaff TM, Alzaid T, Binamer Y (2018)
Nonmelanoma skin cancer in Saudi Arabia: single center experi-
ence. Ann Saudi Med 38(1):42–45

32. Al-Daghri NM, Al-Saleh Y, Khan N, Sabico S, Aljohani N,
Alfawaz H, Alsulaimani M, Al-Othman AM, Alokail MS (2016)
Sun exposure, skin color and vitamin D status in Arab children and
adults. J Steroid Biochem Mol Biol 164:235–238

33. Rizzoli R, Stevenson JC, Bauer JM, van Loon LJ,Walrand S, Kanis
JA, Cooper C, Brandi ML, Diez-Perez A, Reginster JY, ESCEO
Task Force (2014) The role of dietary protein and vitamin D in
maintaining musculoskeletal health in postmenopausal women: a
consensus statement from the European Society for Clinical and
Economic Aspects of Osteoporosis and Osteoarthritis (ECSEO).
Maturitas 79(1):122–132

34. Hwalla N, Al Dhaheri AS, Radwan H, Alfawaz H, Fouda MA, Al-
Daghri NM, Zaghloul S, Blumberg JB (2017) The prevalence of
micronutrient deficiencies and inadequacies in the Middle East and
approaches to interventions. Nutrients 9(3):E229

35. Bouillon R, Van Schoor NM, Gielen E, Boonen S, Mathieu C,
Vanderschueren D, Lips P (2013) Optimal vitamin D status: a crit-
ical analysis on the basis of evidence-based medicine. J Clin
Endocrinol Metab 98(8):E1283–E1304

36. Chaktoura M, Akl EA, El Ghandour S, Shawwa K, Arabi A,
Mahfoud Z, Habib RH, Hoballah H, El Hajj Fuleihan G (2017)
Impact of vitamin D replacement in adults and elderly in the
Middle East and North Africa: a systematic review and meta-
analysis of randomized controlled trials. Osteoporos Int 28(1):35–46

37. Chakhtoura M, El Ghandour S, Shawwa K, Akl EA, Arabi A,
Mahfoud Z, Habib R, Hoballah H, El Hajj Fuleihan G (2017)
Vitamin D replacement in children, adolescents and pregnant women
in the Middle East and North Africa: a systematic review and meta-
analysis of randomized controlled trials. Metabolism 70:160–176

38. Scragg R, Stewart AW,Waayer D, Lawes CMM, Toop L, Sluyter J,
Murphy J, Khaw KT, Camargo CA Jr (2017) Effect of monthly
high-dose vitamin D supplementation on cardiovascular disease in
the vitamin D assessment study: a randomized clinical trial. JAMA
Cardiol 2:608–616

39. Manson JE, Cook NR, Lee IM, Christen W, Bassuk SS, Mora S,
Gibson H, Gordon D, Copeland T, D'Agostino D, Friedenberg G,
Ridge C, Bubes V, Giovannucci EL, Willett WC, Buring JE, Group
VR (2019) Vitamin D supplements and prevention of cancer and
cardiovascular disease. N Engl J Med 380(1):33–44

40. KhawKT, Stewart AW,Waayer D, Lawes CMM, Toop L, Camargo
CA Jr, Scragg R (2017) Effect of monthly high-dose vitamin D
supplementation on falls and non-vertebral fractures: secondary
and post-hoc outcomes from the randomized, double-blind,
placebo-controlled ViDA trial. Lancet Diabetes Endocrinol 5(6):
438–447

41. Al-Daghri NM, Mohammed AK, Bukhari I, Rikli M, Abdi S,
Ansari MGA, Sabico S, Hussain SD, Alenad AM, Al-Saleh Y,
Alokail MS (2019) Efficacy of vitamin D supplementation accord-
ing to vitamin D binding polymorphisms. Nutrition in-press

42. Palermo A, Strollo R, Maddaloni E, Tuccinardi D, D’Onofrio L,
Briganti SI, Defeudis G, De Pascalis M, Lazzaro MC, Colleluori G,
Manfrini S, Pozzilli P, Napoli N (2015) Irisin is associated with
osteoporotic fractures independently of bone mineral density, body
composition or physical activity. Clin Endocrinol 82(4):615–619

43. Al-Daghri NM, Alokail MS, Rahman S, Amer OE, Al-Attas OS,
Alfawaz H, Tripathi G, Sabico S, Chrousos GP,McTernan PG, Piya
MK (2015) Habitual physical activity is associated with circulating
irisin in healthy controls but not in subjects with diabetes mellitus
type 2. Eur J Clin Investig 45(8):775–781

44. Cavalier E, Mismetti V, Souberbielle JC (2014) Evaluation of cir-
culating irisin levels in healthy young individuals after a single 100,
000 IU vitamin D dose. Ann Endocrinol (Paris) 75(3):162–164

45. Dretakis K, Igoumenou VG (2019) The role of parathyroid hor-
mone (PTH) and vitamin D in falls and hip fracture type. Aging
Clin Exp Res 31(10):1501–1507

46. Xia W, Cooper C, Li M, Xu L, Rizzoli R, Zhu M, Lin H, Beard J,
Ding Y, Yu W, Cavalier E, Zhang Z, Kanis JA, Cheng Q, Wang Q,
Reginster JY (2019) East meetsWest: current practices and policies
in the management of musculoskeletal aging. Aging Clin Exp Res
31(10):1351–1373

47. Neale RE, Armstrong BK, Baxter C, Duarte Romero B, Ebeling P,
English DR, Kimlin MG, McLeaod DS, RL OC, van der Pols JC,
Venn AJ, Webb PM, Whiteman DC, Wockner L (2016) The D-
Health Trial: a randomized trial of vitamin D for prevention of
mortality and cancer. Contemp Clin Trials 48:83–90

48. Bassuk SS, Manson JE, Lee IM, Cok NR, ChristenWG, Bubes VY,
Gordon DS, Copeland T, Friedenberg G, D'Agostino DM, Ridge
CY, MacFadyen JG, Kalan K, Buring JE (2016) Baseline charac-
teristics of participants in the VITamin D and OmegA-3 Trial
(VITAL). Contemp Clin Trials 47:235–243

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

   35 Page 8 of 8 Arch Osteoporos           (2020) 15:35 


	Diagnosis...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Vitamin D deficiency in GCC countries
	Vitamin D status definition
	Vitamin D status assessment
	Non-pharmacologic treatment for the GCC general population
	Vitamin D supplements
	Future steps
	Summary of recommendations
	Endorsements
	References


