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Executive Summary

Vitamin D is an essential, fat-soluble micronutrient that is either naturally present in few foods, added
intentionally to some foods or found in dietary supplements. It plays numerous vital roles in the main-
tenance of the organ systems in the human body, in addition to its known role in bone health mainte-
nance by facilitating the absorption of calcium and phosphorous. Vitamin D deficiency (VDD) has be-
come a major public health concern, particularly in countries undergoing a rapid nutrition transition
with a shift in dietary habits and lifestyle, characterized by high consumption of processed foods, and
an indoor lifestyle. VDD has shown implications on nutrition and health, including bone health, myop-
athy, diabetes, depression, as well as implications during pregnancy. The most vulnerable to VDD are
infants, pregnant teenagers and women, older adults, people with limited sun exposure, people with
darker skin, people with reduced fat absorption, obese people, people who underwent gastric bypass
surgeries and vegans. Moreover, not only does VDD have health consequences, but so does excessive
levels of vitamin D in the body. In fact, vitamin D toxicity has been associated with hypercalcemia,
calcification of soft tissues, fatigue and irritability, irregular heart rhythms, renal failure and in some
cases mortality.

Although the daily needs of vitamin D can be met by sun exposure, VDD remains prevalent global-

ly. As for the Eastern Mediterranean Region (EMR), and according to the most recent national and
regional data, VDD was found to be prevalent, with its prevalence ranging between 8% and 81%
among under five children, between 16.2% and 95.5% among women of reproductive age (WRA) and
between 13.6% and 93.9% among pregnant women.

Globally, the treatment and management of VDD includes promoting a healthy, diverse and nutritious
diet; supplementation, after consulting with the physician or healthcare practitioner; ensuring appro-
priate food fortification; ensuring sufficient sun exposure; providing awareness programs and proper
education; involving the food industry at the level of product reformulation; supporting research to
assess and oversee the impact of supplementation programs and fortification strategies in practice.
While some countries and regions in the EMR, such as Lebanon and the Gulf Cooperation Council
(GCCQ), have developed their own guidelines, the general recommendations for vitamin D in the EMR
highlight the following three key points: 1) promoting reasonable sun exposure, encouraging healthy
eating habits and enforcing fortification within safe margins; 2) testing for VDD is only recommended
for symptomatic individuals and those at risk; and 3) no recommendations are present for popula-
tion-wide screening for low vitamin D levels.
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Chapter 01
Introduction to vitamin D

Vitamin D is an essential, fat-soluble micronutrient that is either naturally present in few foods, added
intentionally to some foods or found in dietary supplements. Vitamin D is the “only” vitamin that the
human body is capable of synthesizing. It plays numerous vital roles in the maintenance of the organ
systems in the human body. Some of vitamin D’s main roles are listed in Box 1 below (9,

Box 1. Main roles of vitamin D in the human body

e Metabolism and growth of bones

e Regulation of the intestinal absorption and thus the levels of other essential nutrients, mainly
calcium and phosphate; this is particularly important during periods of peak bone massii.e.
between the age of 19 and 30 years

¢ Development of an intact and healthy skeleton

e Growth of healthy cells

e Growth and development of muscles

e Proper functioning of the immune system

¢ Maintenance of healthy teeth

e Prevention or treatment of autoimmune diseases (such as multiple sclerosis, type | diabetes,
rheumatoid arthritis)

¢ Reduction of infection conditions

e Metabolism of iron

e Secretion of insulin and metabolism of glucose

Vitamin D exists in two main forms: vitamin D2 (also known as ergocalciferol) and vitamin D3 (also
known as cholecalciferol). Vitamin D2 is obtained from the diet, mainly from plant-based foods
(mushroom, yeast), while vitamin D3 is either obtained from animal-based foods (fish, seafood, eggs)
or produced naturally in the body through the exposure of the skin to the sunlight (specifically the
ultra- violet B radiation (UVB) %3,

Vitamin D is found naturally in some foods, added to foods (such as milk and juices) as a fortifying
agent or available as a supplement. While the primary source of vitamin D is the exposure to sunlight,
itis also primarily found in a variety of oily fish and seafood (such as salmon, sardines, tuna, trout),
eggs, mushrooms, margarine and fortified foods and beverages (such as breakfast cereals, yogurt,
fortified milk, soy beverages, orange juice) 2. Vitamin D obtained from food, supplements and sun
exposure requires activation by the body, specifically by the liver, followed by the kidney (.

Table 1 below displays the content of vitamin D in major food sources -7,
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Table 1. The content of vitamin D in major food sources

Food Item Vitamin D Content (IU/ug)

Trout, farmed, cooked, 30zi.e.85 g 6451U/16.2 pg

Milk, 2% fat, vitamin D fortified, 1 cup 1201U /2.9 ug

Ready-to-eat cereals, fortified with 10% of the Daily Value for vitamin D* 1 cup 801U/ 2 g

Liver, beef, cooked, 30zi.e.85g 421U/ 1pg

Tuna fish (light), canned in water, drained, 30z i.e. 85 g 401U/ 1pg

Mushrooms, portabella, raw, % cup 41U/0.1pug

1ug=40IU.

*Daily Values provide the amount of nutrients in one serving of the food product as compared to the recommended daily
intakes, based on a 2000 calorie diet. %DVs help consumers identify if a food product is high or low in a nutrient. In general, <
5% DV of anutrient per serving is considered low, 10-19% DV is considered good and > 20% DV is considered high ©.
Abbreviations: IU: international units.

It is important to note that vitamin D recommendations may be difficult to achieve from natural food
sources; the consumption of fortified food and beverages might be needed. Moreover, supplementa-
tion may be suitable specifically if sun exposure is rather limited in the region ..

25(OH) vitamin D cut-offs

Although there is no specific globally agreed on cut-offs for vitamin D insufficiency and deficiency,
one of the most internationally adopted cut-offs are those developed by the Institute of Medicine
(IOM), as shown in Table 2 below ©.

Table 2. 25 (OH) vitamin D levels and their corresponding health status, according to the Institute
of Medicine

25 (OH) Vitamin D levels Health Status

30- < 50 nmol/L (12 - < 20 ng/mL) Inadequate vitamin D levels in healthy individuals
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> 125 nmol/L (> 50 ng/mL) Might cause adverse effects, specifically at levels > 150
nmol/L (> 60 ng/mL)

1 ng/mL=2.5nmol/L.
Abbreviations: IOM: Institute of Medicine; VDD: vitamin D deficiency.

Vitamin D deficiency

Vitamin D deficiency (VDD) occurs when the body does not have sufficient amounts of vitamin D
needed for its proper physiological functioning. VDD has become a major public health concern, par-
ticularly in countries undergoing a rapid nutrition transition with a shift in dietary habits and lifestyle,
characterized by high consumption of processed foods, and an indoor lifestyle (19,

VDD usually occurs when the intake is lower than the recommended levels, over time. Risk factors of
VDD are listed in Box 2 below -311.12);

Box 2. Factors affecting 25(OH) vitamin D levels

e Low dietary intake of vitamin D-rich foods

¢ Increased intolerance to lactose

¢ |Insufficient use of supplementation

e Limited sunlight exposure (affected by seasonal variation, environmental pollution, conservative
dress styles like nigab, abaya/burka and geographical location/latitude)

e Use of sunscreen regularly

e Reduced ability of the skin to produce vitamin D (examples include darker skin pigmentation,
and aging)

e Use of medications that affect vitamin D metabolism

e Limited ability of the liver or kidneys to activate vitamin D

¢ Inadequate absorption of vitamin D or fat

e Medical conditions such as Crohn’s disease, irritable bowel diseases or celiac disease

e Obesity and excess body fat

e Bariatric and weight loss procedures

Implications of VDD on nutrition and health, based on data derived from Western studies, are listed
below (31314

Bone health:

Vitamin D plays an important role in bone mineralization by regulating calcium and phosphate
metabolism. Inadequate levels of vitamin D is strongly linked to reduced calcium levels, thus low
calcium-phosphate product, inability to mineralize bone, leading to the development of rickets in
children (abnormal bone growth) and osteomalacia in adults. In both age groups there is softening
and weakening of the bones leading to bowing and fractures ©>. Among adults, and particularly
women, milder forms of VDD can lead to secondary hyperparathyroidism, increased bone resorp-
tion, accelerated bone loss and fractures. This condition known as osteoporosis, is characterized
by reduced bone density and weakening of bone structure. Even though osteoporosis most often
results from insufficient calcium intakes, vitamin D inadequacy also contributes to osteoporosis by
impairing the absorption of calcium 19,

Individuals with rickets, osteomalacia or osteoporosis are more prone to falls and bone fractures 19,
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Myopathy:
Characterized by muscular dysfunction, muscle weakness and pain, as well as reduced physical per-
formance ©.

Diabetes:
Vitamin D plays a crucial role in regulating glucose metabolism by stimulating the secretion of insu-
lin in the body, reducing inflammation and improving the function of the pancreas *>1),

Depression:
Episodes of depression were found to be associated with VDD 8,

Implications during pregnancy:
Characterized by pre-eclampsia (i.e. high blood pressure during pregnancy), gestational diabetes,
preterm birth and low birth weight (19:20),

The most vulnerable to VDD are infants, pregnant teenagers and women, older adults, people with
limited sun exposure, people with darker skin, people with reduced fat absorption, obese people, peo-
ple who underwent gastric bypass surgeries and vegans, as explained in Box 3 below.

Box 3. The most vulnerable population to vitamin D deficiency

Infants

Vitamin D is necessary for healthy skeletal development among infants. Infants are born with limit-
ed vitamin D reserves and therefore rely on other sources such as breastmilk, sunlight exposure or
supplements to meet their vitamin D needs during their first few months of life. Infants are par-
ticularly vulnerable to VDD, since the vitamin D levels in breastmilk are affected by the mother’s
vitamin D status which is usually low, and since infants residing in certain regions are not directly
exposed to sunlight due to cultural reasons @Y. Interestingly, vitamin D levels in breastmilk remains
unchanged despite daily supplementation up to 2000 IU ©. VDD among infants has been linked to
bone deformities (rickets), poor growth, delayed teething, dental abnormalities, lethargy, irritabili-
ty, seizures, respiratory difficulties and weakening of the heart muscles @22,

Pregnant teenagers and women

Vitamin D is also thought to be prevalent in certain populations of pregnant teenagers and wom-
en, and it has been linked to an elevated risk of pregnancy-associated osteoporosis, hypertension
throughout pregnancy, gestational diabetes, preterm delivery, low birth weight, neurodevelop-
ment of the infant, post-partum depression and other health-related conditions 324,

Older adults

Older adults are also susceptible to VDD due to the fact that the ability of the skin to synthesize
vitamin D is reduced with age ®2>. Moreover, older adults may have poor dairy intake and reduced
sun exposure, both of which increase the risk of bone fractures and osteoporosis ©.

People with limited sunlight exposure

People with limited sunlight exposure are more prone to VDD considering that sunlight is the pri-
mary source of vitamin D. Those people include individuals who are homebound, institutionalized,
following specific dress codes for cultural purposes or frequently applying sunscreen, with an SPF
greater than 15, as well as people living far from the equator 2427, Moreover, people living far from
the equator, and closer to the North and South, were shown to have higher VDD 1112,
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People with darker skin
Darker skin is characterized by its reduced ability to produce active vitamin D from sunlight ©.

People with reduced fat absorption

Medical conditions that reduce the body’s ability to absorb fat properly tend to increase the indi-
viduals’ risk of having VDD. These conditions include chronic diseases such as liver diseases, ulcers,
Crohn’s and celiac ®. Moreover, these conditions require that the individuals follow strict dietary
diets that prevent them from following certain vitamin D-rich foods such as fortified dairy
products @9,

Obese people

Scientific evidence has shown that obese individuals are more prone to VDD as compared to non-
obese individuals 2%, This could be explained by several reasons, such as low intakes of vitamin D,
reduced sun exposure, reduced use of supplementation among obese people and the sequestration
of vitamin D into fat in the body (since it is a fat-soluble vitamin), thus reducing the bioavailability of
vitamin D in circulation ©. There is also data to support reduced 25 hydroxylation in obese mice 9.

People who underwent gastric bypass surgeries

People who underwent gastric bypass may also become VDD. In fact, in this surgery, part of the
upper small intestine, which is primarily responsible for proper vitamin D absorption, is bypassed.
As a consequence, the levels of vitamin D tend to decrease because the body is unable to mobilize
enough vitamin D from fat stores .32,

Vegans

Since vitamin D is present in limited food options, which are mainly animal sources, vegans are at a
higher risk of VDD. The risk may be exacerbated if other risk factors for VDD are present in those
individuals 2,

Excess vitamin D levels and toxicity

Not only does VDD have health consequences, but so does excessive levels of vitamin D in the body.

In fact, vitamin D toxicity (i.e. having excess levels of vitamin D, as well as hypercalcemia (high calcium
levels in the blood), in the body) may occur, even though the cases of toxicity are quite rare. It is import-
ant to note, however, that toxicity does not result from excess sun exposure ©. Box 4 below shows the
health consequences and common symptoms of high levels of vitamin D and hypercalcemia 33439,

Box 4. Health consequences and common symptoms of high levels of 25 (OH) vitamin D and

hypercalcemia

¢ High levels of calcium in the blood (hypercalcemia), which in turn lead to nausea, vomiting,
diarrhea, muscle weakness, pain, mental and psychological disruptions, reduced appetite,
dehydration, weight loss, anorexia, frequent urination, excessive thirst, and hypercalciuria and
kidney stones

¢ Calcification of soft tissues, including vessels and the heart compartments

e Fatigue and irritability

e Irregular heart rhythms

e Renal failure

e Mortality
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Vitamin D recommendations and tolerable upper limits
The IOM recommendations and tolerable upper limits for vitamin D are shown in Table 3 below 3.3,

Table 3. Daily recommendations and tolerable upper limits of 25 (OH) vitamin D, as recommended
by the Institute of Medicine

Vitamin D recommendation (IU) Vitamin D tolerable upper limit (1U)

7-12 months 400 U 1500 U

Children aged 4-8 years 600 11U 3000 1U

Men aged 19-70 years 600U 4000 IU

Non-pregnant women

aged 19-50 years 6001V 40001V

Women aged 51-70 years 600 U 4000 I1U

Abbreviations: IU = international units.

Interestingly, the Gulf Cooperation Council (GCC) countries have published their own region-specific
recommendations and tolerable upper limits for vitamin D, as shown in Table 4 below ©7,

Table 4. Daily recommendations and tolerable upper limits of 25 (OH) vitamin D, in the Gulf
Cooperation Council, for all age groups and conditions

Vitamin D Vitamin D tolerable
recommendation (IU) upper limit (1U)

Comments

7-12 months 400-600 |U 1000 U Even if infant is formula fed
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Abbreviations: GCC: Gulf Cooperation Council, IU = international units.
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Chapter 02

Nutrition Situation Analysis in the
Eastern Mediterranean Region

The Eastern Mediterranean Region (EMR) faces the double burden of malnutrition, characterized by
the co-existence of undernutrition with overweight and obesity, as well as non-communicable diseas-
es. Many countries also face the “hidden hunger” of vitamin and mineral deficiencies 8.

Although the daily needs of vitamin D can be met by sun exposure, VDD is prevalent globally. A
recent 2023 meta-analysis showed that globally, 15.7%, 47.9% and 76.6% of people aged 1 year and
above had vitamin D levels lower than 30, 50 and 75 nmol/L, respectively ©. Although the prevalence
decreased slightly between 2000-2010 and 2011-2022, the rates were still high and increasing in
some countries such as Lebanon %, Moreover, the review highlighted that the highest prevalence of
vitamin D inadequacy and VDD was estimated in the EMR, whereby 35.2% had a vitamin D level < 30
nmol/L, 71.8% had a level < 50 nmol/L and 85.1% had a level < 75 nmol/L ©%. In fact, the prevalence
of VDD was shown to range between 30% and 90% in the region “Y. Despite the abundant sunlight

in the EMR, the high prevalence of VDD in the region could be attributed to several factors including
low sun exposure, urban living, environmental pollution, clothing traditions, dark skin color, obesity
and the dietary habits that are characterized by low consumption of meat, fish, eggs and milk #4244,
According to the most recent national and regional data in the EMR, VDD was found to be prevalent,
with its prevalence ranging between 8% and 81% among under five children “>-¢9, between 16.2%
and 95.5% among women of reproductive age (WRA) (45-48.50.51,56,61-67) and between 13.6% and 93.9%
among pregnant women (5:51,59-61,68-71)

Moreover, a recent review in 2018 showed that the prevalence of osteoporosis ranged between 2.8%
and 47.8% in the EMR, whereby the lowest and highest prevalence were in regions of Egypt “472,
These coupled with the report from the International Osteoporosis Foundation Middle East Africa
regional audit, that covers data from 17 countries, underscore the significant impact of osteoporosis
and fractures in our aging populations 7.

National data

Figure 1 shows the prevalence of VDD among under five children and WRA, in selected EMR
countries, based on national data.
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Figure 1. Prevalence of VDD among under five children and WRA, in selected EMR countries, based
on national data
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Under five children were aged 6-59 months in all countries, except for Iran whereby the children were aged 15-23 months. As
for WRA, they were aged 15-49 years in all countries.

VDD is defined as follows: vitamin D < 20 ng/mL among under five children (sample size not specified) and WRA (n=1190)

in Afghanistan “¢: vitamin D < 49.9 nmol/L among under five children (n=4393) in [ran ©7:¢9; vitamin D < 30 nmol/L among
WRA in Iraq (n=776) ©“?; vitamin D < 12 ng/mL among under five children (n=340) and WRA (n=675) in Jordan % vitamin

D < 30 nmol/L among under five children (n=458) and WRA (n=2002) in Morocco “¥; vitamin D < 30 nmol/L among under
five children (n=995) and WRA (n=1788) in Oman “”; vitamin D < 20 ng/mL among under five children (n=23780) and WRA
(n=25593) in Pakistan “>: vitamin D < 25 nmol/L among under five children (sample size not specified) in Palestine “?; vitamin
D < 25nmol/L among WRA (sample size not specified) in Qatar “¥; vitamin D cut-offs, as well as sample size, undefined in
Sudan ¥,

Abbreviations: EMR: Eastern Mediterranean Region, VDD: vitamin D deficiency, WRA: women of reproductive age.

Figure 1 shows that the prevalence of VDD among under five children was highest in Afghanistan
(81%) 9, followed by Pakistan (62.7%) “* and Palestine (60.7%) “?. The lowest prevalence was in Mo-
rocco (8%) “® and Sudan (8.97%) %, As for WRA, the prevalence of VDD was highest in Afghanistan
(95.5%) “9 followed by Pakistan (79.7%) “>, Iraq (74.5%) 2, Jordan (63.5%) *° and Qatar (61.3%) 3,
while the lowest prevalence was found in Oman (16.2%) “” (Figure 1).

Among pregnant women, and based on the limited national data, 85.3% were deficient in Iran (vitamin
D < 49.9 nmol/L) %69, 81.2% were deficient in Pakistan (vitamin D < 20 ng/mL) ¥, 57.7% were deficient
in Qatar (vitamin D < 50 nmol/L) 4, while 19.49% were deficient in Sudan (cut-offs not defined) ©?.

Figure 2 shows the weighted means for serum 25 (OH) vitamin D levels by age group in 4 countries in
the Middle East 7>

Figure 2. Weighted means (+pooled standard deviation) for serum 25 (OH) vitamin D levels by age
group in 4 countries in the Middle East
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Figure 2 was adapted from Chakhtoura et al 2018 2.

The weighted means for serum 25 (OH) vitamin D levels ranged between 13 and 18 ng/ml among chil-
drenin Iran, Lebanon and Kingdom of Saudi Arabia (KSA), between 11 and 13 ng/ml among pregnant
women in KSA and Iran, and between 13 and 24 ng/ml among adults in these 4 countries (Figure 2).

Classification of EMR countries by income and VDD (based on national data)

Figure 3 shows the prevalence of VDD among under five children and WRA, in selected EMR coun-
tries, based on income classification.

Figure 3. Prevalence of VDD among under five children and WRA, in selected EMR countries, based
on income classification
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Under five children were aged 6-59 months in all countries, except for Iran whereby the children were aged 15-23 months. As
for WRA, they were aged 15-49 years in all countries.

VDD is defined as follows: vitamin D < 20 ng/mL among under five children (sample size not specified) and WRA (n=1190) in
Afghanistan “¢; vitamin D cut-offs, as well as sample size, undefined in Sudan ©V: vitamin D < 49.9 nmol/L among under five
childrenin Iran (n=4393) 57:¢9; vitamin D < 12 ng/mL among under five children (n=340) and WRA (n=675) in Jordan ©9; vita-
min D < 30 nmol/L among under five children (n=458) and WRA (n=2002) in Morocco “®; vitamin D < 20 ng/mL among under
five children (n=23780) and WRA (n=25593) in Pakistan “*; vitamin D < 30 nmol/L among WRA in Iraq (n=776) ©?: vitamin
D < 25 nmol/L among under five children (sample size not specified) in Palestine “?; vitamin D < 30 nmol/L among under five
children (n=995) and WRA (n=1788) in Oman “”: vitamin D <25 nmol/L among WRA (sample size not specified) in Qatar /%

Abbreviations: EMR: Eastern Mediterranean Region, VDD: vitamin D deficiency, WRA: women of reproductive age.

According to Figure 3, the prevalence of VDD was noticeably high across the countries, despite
subgroup analyses by income levels. In fact, among under five children, Afghanistan (a low income
country) showed the highest prevalence (81%), followed by Pakistan (62.7%), a lower middle income
country, and Palestine (60.7%), an upper middle income. Palestine, however, had a prevalence high-
er than the remaining lower middle-income countries (Iran, Jordan and Morocco). In Oman, a high
income country, the prevalence of VDD among under five children was estimated at 10.6%, a prev-
alence slightly higher than that in Sudan (8.97%), a low income country, and Morocco (8%), a lower
middle income country (Figure 3). Similarly, among WRA, Afghanistan (a low income country) showed
the highest prevalence (95.5%), followed by Pakistan (79.7%), a lower middle income country, and
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Iraq (74.5%), an upper middle income. In fact, Irag had a prevalence higher than the remaining lower

middle income countries (Jordan and Morocco). However, in Oman, a high income country, the prev-
alence of VDD among WRA was estimated at 16.2%, while also being estimated at 61.3% in Qatar, a

prevalence lower than most countries belonging to the low income and lower middle income catego-
ries (Figure 3).

Regional data

As for the regional data in the EMR, Figure 4 shows the prevalence of VDD among under five children,
WRA and pregnant women, in selected EMR countries.

Figure 4. Prevalence of VDD among under five children, WRA and pregnant women, in selected
EMR countries, based on regional data

100 3
90 80.2
768
80 073 T2
S - 67
& 70 5
8 544
= - 4
5 60 = o4
g 50 43
<4 37
a 40
30 231 24.6
20 13,
10 I
0
c o n c
c o c = 3 o = 03]
= (7] o] © c =
S § ¢ = 8 5§ £ - & % 2 g § » =
o bt 9] = 5 [ i) o] I3 = ™ c = <) & =
= k=] = o = = oD c v (9] 2 =
O S 4= Q o o oh
S = 2 © S = O o g £ » Y € 2 = \_|°' o
o o S o ~ =] S ] S o = ° g © < A a
© ® ., S = 5} o F £ 2 2 22 R & N =
O n n 2 2 © o w S » N o () S W o b k) 22 @«
=5 N @© = o =l — 5 = 2 Ny < o © N = o < —
So =92 % = =0 =0 [ o 0 [aa = 0 ~ = S 22
S84 E90 = &) E> E> gL 18 o 5 S8 He To N g £
£2 86 Ty Wy B9 8L <£¢ ¢ = 2 £E 885 G5 & e 2
~ _ _ —_ —_— .. —
c X %*" o © Rl T T = BN O n B wn (TR “dm 0 3= o = = © =
= c n o ~x O Y < Y C© s o O R m = K= . © (=3 S o S
St" ! T > = > Vt; = 0 NS '(—“8 '88 vg g.“:’ -gg 9_:8 © -(%g L=
e <} - =
28 cE ww B9 g8 gE £a C2 52 52 3= 23 o £  £§ £
< g = = o~ 29 £ 35 = O X N S 25 <= s 2 <3 c o
£ T o] QT QT =T =T T T Q — ] © %] — S ©
o0 O < 9 > 0 > 0 ) % 9 S @ =¥ = P X JISRE >3 <3 c S E S £
+ o0 T oo 80 bo 80 bo T 8o T 8o © 80 &o o O © [T o 9 2 & S @ = & S 9
< ® n © u © u © o © o © n © Ll =& a0 Y3 =5 8 L o s o a2
Underfive Children WRA Pregnant Women

Among under five children: VDD is defined as follows: vitamin D < 20 ng/mL in Afghanistan ©?; vitamin D < 50 nmol/L in
Bahrain ©%; vitamin D < 20 ng/mL and < 50 nmol/L in EI-Dakhla and Birket EI Sabaa, Egypt, respectively 4>; vitamin D < 20
ng/mL in Pakistan ©¢°7; vitamin D < 20 ng/mL in Saudi Arabia %,

Among WRA: VDD is defined as follows: vitamin D < 20 ng/mL in Egypt ©¥; vitamin D < 20 ng/mL in Iraq ©*; vitamin D < 20
ng/mL and < 30 nmol/L in Beirut and Greater Beirut, Lebanon, respectively ©>¢9: vitamin D < 20 ng/mL in Libya ©”; vitamin D
< 20 ng/mL in Pakistan %),

Among pregnant women: VDD is defined as follows: vitamin D < 20 ng/mL in Iran ©: vitamin D < 20 ng/mL in Saudi Arabia
2 vitamin D < 20 ng/mL in Sudan 9,

Abbreviations: EMR: Eastern Mediterranean Region, VDD: vitamin D deficiency, WRA: women of reproductive age.

The regional data on VDD presented in Figure 4, showed that the highest prevalence of VDD among
under five children was in Bahrain (67.3%) ©2, followed by Egypt-Birket El Sabaa region (63.5%) >
and Pakistan-Karachi region (60%) *7, while the lowest prevalence were reported in Saudi Arabia
(24.6%) 58 and Afghanistan (23.1%) 2. Among WRA, Iraq (80.2%) %, Lebanon (51.5-71.2%) (6569
and Pakistan (67%) ¢ reported the highest prevalence estimates, whereas Egypt and Libya reported
lower prevalence (43% and 37% respectively) 67, As for pregnant women, the limited regional data
showed a prevalence of VDD estimated at 93.9% in Sudan 79, 76.8% in Iran (68) and 13.6% in Saudi
Arabia 69,
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Chapter 03
Case Studies

The case of Jordan

The Ministry of Health in Jordan addressed the burden of micronutrient deficiencies by undertaking
two national micronutrient fortification programs: a national salt iodization program and a wheat
flour fortification program. Due to the high prevalence rates of goiter observed in the 1990s in the
country, the Jordanian government initiated the national salt iodization program by 1995, while also
rendering it mandatory ©°79, Other micronutrient deficiencies were addressed by implementing the
mandatory flour fortification program in 2002 (characterized by the addition of iron, folic acid, zinc,
vitamin A, vitamins B1, B2, B3, B6 and B12 to the Mowahad wheat flour) V7.

Based on the findings of the 2010 national survey which showed a high prevalence of VDD (17.3%
among under five children and 60.6% among non-pregnant women), the flour fortification program
expanded to include vitamin D in the wheat flour premix 7”). In fact, in the past decade in Jordan, a
slight increase was observed for VDD between years 2010 and 2019, whereby it increased from
17.3% to 22.9% among under five children (not statistically significant) and from 60.6% to 63.6%
among non-pregnant women (not statistically significant) %78 (Table 5). The increase among under
five children may be explained by the fact that around 76% of children spent less than 2 hours out-
side per day ®9. Interestingly, sun exposure among non-pregnant women was substantially lower as
compared to children . Moreover, the increase in VDD among non-pregnant women was observed
despite the fact that vitamin D supplements were taken by more than 10% of women ©°. Finally, the
findings of the 2010 and 2019 surveys have shown that the household coverage of bread made from
fortified flour has almost doubled during this period ©° (Figure 5). Yet, VDD prevalence remained
largely the same.

Table 5. Trends in vitamin D deficiency among children under five and non-pregnant women
between 2010 and 2019, in Jordan

2010 Prevalence (%) 2019 Prevalence (%)

Children aged 12-59 months

17.3 22.9
Non-pregnant women
60.6 63.6

VDD is defined as follows: vitamin D < 11 ng/mL among children aged 12-59 months; vitamin D < 12 ng/mL among
non-pregnant women ©.
Abbreviations: VDD: vitamin D deficiency.
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Figure 5. Household coverage of fortified bread between 2010 and 2019, in Jordan
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The case of Oman

According to the Omani 2017 survey, Vitamin D insufficiency was found to be quite common among
under five children (53.8%), female adolescents (52.9%) and non-pregnant women aged 15-49 years
(41.5%) “7. VDD was also found to be most common among female adolescents (21.6%) “”. Table

6 below shows the prevalence of vitamin D insufficiency and deficiency among under five children,
female adolescents and non-pregnant women “7),

Among children, vitamin D insufficiency was found to increase with age, while VDD was estimated to
be highest among infants aged 6-11 months, yet without any statistical difference “..

Table 6. Prevalence of vitamin D insufficiency and deficiency among under five children, female
adolescents and non-pregnant women, in Oman

Prevalence of vitamin D insufficiency (%) Prevalence of VDD (%)

Female adolescents 52.9 211

Vitamin D insufficiency is defined as vitamin D < 50 nmol/L, while deficiency is defined as vitamin D < 30 nmol/L 7).
Abbreviations: VDD: vitamin D deficiency.

Although vitamin D insufficiency was common, it was not linked to sun exposure. This could be pri-
marily due to the clothing traditions followed by the Omani culture #”. Interestingly, among under
five children, less than 2% of the population took vitamin D supplements in the 6 months prior to the
2017 survey; as for the female adolescents and non-pregnant women, approximately 2.6% and 7%
took vitamin D supplements, respectively “7),

A look forward:

Considering that oils, particularly olive, sunflower and corn oils, are highly consumed among the
Omani population, it could be a successful food vehicle for fortification with vitamin D 479, Fortifying
wheat flour with vitamin D could be an additional step to complement the intake of vitamin D from
the fortified oil, and thus help combat vitamin D insufficiency and VDD in the country ©°,
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It is important to underscore that at the basis of all fortification programs is a robust quality assur-
ance protocol and monitoring to ensure that fortification does not overshoot or undershoot com-
pared to targets set by the respective organizations. Indeed, wide variation in vitamin D fortification
in milk was reported after an investigation for a series of cases presenting with hypercalcemia from

vitamin D intoxication from overfortified milk %82,
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Chapter 04
Treatment and Prevention

Healthy, diverse and nutritious diet

Encouraging a healthy, diverse and nutritious diet, by improving and ensuring access to adequate,

nutritious foods, remains one of the most important recommendations in the prevention of VDD “4,

¢ Encouraging the consumption of a variety of fruits, vegetables, whole grains, cereals, low-fat milk
and dairy products @3,

e Establishing robust monitoring programs to oversee vitamin D fortification in countries where such
initiative is mandated.

e Requiring the distribution of vitamin D-fortified foods in countries where it is mandated, and
specifically at schools 7).

¢ Eliminating high-caloric beverages, particularly those high in fructose, from school cafeterias and
menus ©7),

In situations where maintaining a healthy, diverse and nutritious diet is challenging, other treatment
and prevention measures ought to be considered, as explained in the following sections.

Supplementation with vitamin D

Supplementation is a common, low-cost and safe intervention for the treatment of VDD. However,
globally, vitamin D supplementation is not recommended for children and adults. More supplementa-
tionis usually required among the elderly, those with poor nutrition and among people with low sun
exposure . Consulting with the physician or healthcare practitioner is a must to ensure that supple-
mentation is successful and individualized whereby several criteria are considered (such as nutrition-
al status, dietary intake, sun exposure, weight and the presence of obesity) ©. Guidelines vary widely,
and it is best to refer to local guidance and guidelines taking into account country-specific consider-
ations (648,

Pregnant women: Supplementing with vitamin D during pregnancy improves maternal vitamin D lev-
els and may therefore lower the risk of hypertension, low birth weight and preterm delivery %3, The
existing evidence to evaluate the benefits and adverse effects of supplementing with vitamin D alone
during pregnancy for improving maternal and infant health outcomes is rather limited @389, However,
supplementation with vitamin D is not recommended by default for all pregnant women #2389, Instead,
it is highly recommended that pregnant women consult with their physician or healthcare practi-
tioner prior to any supplementation. Box 5 below summarizes the World Health Organization (WHO)
recommendations regarding supplementation during pregnancy 087,

Box 5. WHO Recommendations regarding supplementation during pregnancy

Oral vitamin D supplementation is not recommended for all pregnant women

e Pregnant women are encouraged to maintain adequate nutrition, by following a healthy,
well-balanced and nutritious diet (88).

¢ Vitamin D supplementation as part of the daily routine during pregnancy, is not recommended;
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there is limited evidence on the safety of vitamin D supplementation during the pregnancy
period ©9,
e Pregnant women should be advised that sun exposure is the most important source of vitamin D.
¢ [f VDD is suspected, pregnant women may be given vitamin D supplements at a dose of 200 |U
(5 pg) daily, alone or as part of a multiple micronutrient supplement (©489),
¢ Vitamin D supplementation for the prevention of elevated blood pressure and its complications,
during pregnancy, is also not recommended @9,

Infants: Infants will require supplementation with vitamin D soon after birth regardless if they were
breastfed exclusively or receiving both, breastmilk and infant formula. In fact, breastmilk does not
support the infant with adequate vitamin D. Therefore, supplementation at a dose of 400 |U per day
is usually recommended to be given to infants, in the form of drops .. In the United Arab Emirates
(UAE), however, the supplementation is as follows: 400 |U per day up to the age of 6 months, and
400-600 IU per day between 6 and 12 months of age ©”. Moreover, in case infants are dark-skinned
or living in areas with limited sun exposure, supplementation up to 800 IU might be needed . As for
infants who are given infant formula only, supplementation might not be needed, since formula milk
is usually fortified with vitamin D . Current evidence shows that vitamin D supplementation could
be successful in preventing rickets, especially in infants and children who are more susceptible due
to insufficient exposure to sunlight or because of their darker skin pigmentation. Nevertheless, more
research is required before precise recommendations can be established %, Consulting with a physi-
cian or healthcare practitioner is a must in order to determine the needed dose and duration of sup-
plementation, while ensuring that high vitamin D doses are not reached.

Fortification

Since vitamin D is naturally found in a limited number of foods, fortification with vitamin D within the
safe limits, is increasingly being implemented and enforced in countries ¥4, provided robust monitor-
ing protocols are in place. Globally, common fortification vehicles for vitamin D include milk products,
wheat flour and margarine. However, up until today, there is still no WHO recommendation for vita-
min D fortification 77, It is highly important to follow a recommendation or guidance due to the fact
that excess fortification may lead to toxicity. In the EMR, only Pakistan and Jordan have implemented
mandatory wheat flour fortification with vitamin D V7). Iran is still developing a proposal, while Bah-
rain intends on extending its flour fortification program to include vitamin D V7, Moreover, fortifi-
cation initiatives in the region expanded to include other vehicles, such as edible oils in Iran, Oman,
Saudi Arabia, UAE and Yemen, as well as milk in the UAE 779,

Sun exposure

Some research entities suggest that exposing the face, arms and legs to the sun for a period of 20-30
minutes, specifically between 10:00 a.m. and 4:00 p.m., daily or twice per week, can eventually lead to
the production of adequate vitamin D levels ©4 9293 However, the duration required in sunlight varies
between individuals. Several factors impact the time needed for the skin to make enough vitamin D.
These factors include latitude, season, time of the day, day length, climate, skin color and pigmenta-
tion, and sunscreen application %,
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Among infants under the age of 6 months, the American Academy of Pediatrics (AAP) strongly

recommends to avoid direct sunlight 4.

¢ Dressing them in protective clothing is recommended, and if sun exposure cannot be avoided,
applying sunscreen to the exposed areas of the skin is highly advisable.

Older children ought to stay under the shade as much as possible, while avoiding sun exposure
during peak hours i.e. between 10 am and 4 pm 4. During times outside those peak hours, sunlight
exposure can be achieved by encouraging daily outdoor physical activities in schools, whenever
possible 7,

Special care should be taken to avoid skin reddening or burning among children.
Moreover, since excess sun exposure has been associated with skin cancer, exposure for 20-30
minutes 2-4 times a week is enough for sufficient vitamin D synthesis .

For pregnant women, sun exposure is one of the greatest sources of vitamin D. However, the du-
ration of exposure is dependent on several criteria, including the amount of skin exposed, the pig-
mentation and color of the skin, the use of sunscreen, the time at which the skin is exposed, and the
season (20:99),

Awareness programs

VDD awareness programs can have a positive impact on the population. This includes providing
proper education on the need to have adequate vitamin D levels, while focusing on the benefits of a
healthy lifestyle, sun exposure, vitamin D-fortified foods, supplementation and physical activity ©”. In
fact, school and college curricula may also need to be updated to include educational sessions perti-
nent to vitamin D, nutrition and bone metabolism of the general population ©7),

Healthcare units ought to increase their awareness programs related to vitamin D in order to educate
their physicians, residents and healthcare workers. In the UAE for instance, several international con-
ferences and workshops were conducted annually, whereby researchers, physicians and specialists
attended #7),

As per the clinical practice guidelines on vitamin D in the UAE, the management of VDD has also
extended to provide access to facilities and laboratories for proper testing of vitamin D levels among
the vulnerable population ©7),

Involvement of the food industry

Involvement of the food industry ought to be at the level of product reformulation to fortify with vita-
min D, and at the level of proper marketing of vitamin D-fortified food products ©7,

Assay variation and a call for action: It is widely accepted that measurement of circulating 25 (OH)
vitamin D concentration is the best measure of an individual’s vitamin D status. However, it has long
been recognized that the 25 (OH) vitamin D value obtained on a single sample may vary substantial-
ly based upon the assay utilized. Despite efforts at standardization through the Vitamin D External
Quality Assessment Scheme (DEQAS) in 1989 9, or the Vitamin D Standardization Program (VDSP)
in 2010 7, large variations persist. Reporting standardized 25 (OH) vitamin D data would allow
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meaningful pooling of data for systematic reviews thereby contributing to consensus definition of
vitamin D deficiency. We believe reporting standardized values for vitamin D should be a requirement
for publication by trusted journals 899, They are at the basis of evidence-based guideline develop-
ment, and a fundamental requirement to advance clinical care and public health policy.

Providing support for research

Both the government and private sector should provide support for research aimed at assessing
and overseeing the impact of supplementation programs and fortification strategies in practice. This
support aims to develop more effective methods and strategies ©”. Moreover, supporting national
surveys is needed to estimate and document the extent of VDD in the region, while also highlighting
its implications on health ¢,

Vitamin D in the Eastern Mediterranean Region: A Technical Guide




Chapter 05

Recommendations From the Regional
Expert Consultation 2023

Strategical key recommendations highlighted in the regional expert consultation 2023, on prevention
and management of vitamin D levels are shown in Box 6 below.

Box 6. Strategical key recommendations highlighted in the regional expert consultation 2023

¢ Having standard regional guidelines on vitamin D, targeting all age groups, is ideal to avoid the
duplication of efforts, while building on the resources in the different member states.

¢ Advancing the field of prevention and treatment in the region by:
- Conducting mapping exercise for interested stakeholders
- Defining scope of work and setting research agenda
« Collaborating on both, primary research and guidelines

¢ Providing clear guidance for both policymakers and technical people i.e. individuals vs. public,
institutionalized vs. covering all age groups.

e Establishing a regional network on vitamin D, including research centers, academia and
governmental entities.

e Conducting population-specific studies in the region to focus on the physiology, regulatory
mechanisms and significant thresholds for vitamin D.

e Conducting national surveys: the findings will enable United Nations (UN) agencies and
ministries of health to decide whether or not fortification initiatives need to be developed.

e Interpreting vitamin D levels among individuals in the perspective of the overall clinical picture.

e Supporting food systems through agribusinesses and farmers, and providing healthy foods, are
crucial and central to the UN work.

e Adopting participatory, multi-sector and multi-ministerial approaches is key in addressing
micronutrient deficiencies, including VDD.

¢ Supporting awareness and behavioral change with key stakeholders is crucial for the promotion
of diet diversification.

Moreover, the diagram below highlights the main recommendations for vitamin D in the EMR.
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Main Recommendations
for Vitamin D in the EMR

|
|

Promoting reasonable sun Testing for vitamin D defi- No recommendations for
exposure, encouraging ciency is only recommend- population-wide screening
healthy eating habits and ed for symptomatic individ- for low vitamin D levels.
enforcing fortification uals and those at risk.

with vitamin D within safe

margins.

The following section presents guidelines developed by specific regions or countries in the EMR.

Box 7 provides a summary of the key recommendations for the management of VDD, as presented by
regional experts in the GCC.

Box 7. Key recommendations for the management of vitamin D deficiency in the Gulf Cooperation

Council

e Government-sponsored media programs, with the help of seminars and conferences, are
required to educate about the alarming vitamin D status in the EMR ©7),

e Continued research and epidemiological studies are needed in the EMR to highlight the VDD
status and its implications on the general health and nutrition of the population ©7),

e Government, as well as the private sector, should extend its support for research, so that the
impact of supplementation programs and fortification initiatives in actual practice can be studied
and monitored; as such more effective ways can be developed ©7.,

In the KSA and UAE specifically, studies conducted between 2008 and 2017 have shown an overall
increase of vitamin D levels by 2.2 £ 0.1 nmol/L, with a season increase of 1.3 £ 0.2 nmol/L (100).
Moreover, since evidence has shown that increasing vitamin D levels to 30 ng/mL may reduce the
risk of myocardial infarction (i.e. heart attacks), strokes, as well as cardiovascular, cancer and all-
cause mortality (101-104), increasing vitamin D levels in the blood to reach 30 ng/mL, may greatly
impact health outcomes (105).

e Checking vitamin D levels regularly may be beneficial, particularly for individuals at a high risk
of deficiency.

e Programs ought to be developed for public health measures to ensure sufficient provision of
vitamin D in the different regions of the Middle East, with an aim to reach adequate provisionin
KSA and UAE.

e The programs’ objectives can be met by ensuring that committees and working groups, with
appropriate health officials and local community representatives, review local evidence and
agree on regional guidelines to ensure effective measures are provided in an acceptable manner.

As for the Levant countries, Lebanon for instance, has developed the Osteoporosis Guidelines in
2013 and the Guidelines for Vitamin D in 2022 (196107 The main points outlined in both guidelines are
shown in Boxes 8 and 9, respectively (106.107),
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Box 8. The Lebanese Osteoporosis Guidelines - 2013

Routine measurement of vitamin D should be limited to the following situations:

¢ Individuals at high risk: individuals with osteoporosis and fractures, and following a
pharmacologic treatment.

e Individuals with conditions that impact the metabolism or the function of vitamin D: such as
steroids, anticonvulsants (i.e. medications used for the treatment of seizures), malnutrition,
obesity, bypass surgery, malabsorption, liver damage and elevated parathyroid hormone (PTH)
levels (i.e. a hormone released by the body to control the levels of calcium in the blood; it also
controls phosphorous and vitamin D levels).

¢ Individuals taking doses that exceed 2000 IU daily.

Prevention of osteoporosis includes the following practical guidelines:

¢ Enjoying frequent weight-bearing exercises (such as walking, jogging, stair climbing, dancing,
aerobics).

¢ Avoiding tobacco and excess alcohol.

e Consuming the daily recommended intake of vitamin D: 600-1000 IU (15-25 pg) for children,
adolescents and adults below the age of 50 years; 1000-2000 IU (25-50 pg) for older adults and
individuals at high risk (as mentioned above).

e Consuming 1200 mg of calcium daily. Examples of calcium-rich foods: sardines, salmon, milk and
dairy products, oranges, dried figs, okra, kale, broccoli, beans, chickpeas, almonds, calcium-
fortified juices (108109,

The 2022 Grade-Based Lebanese Vitamin D guidelines for adults represent the culmination of work
by experts at Calcium Metabolism and Osteoporosis Program (CaMOP)-WHO CC for Metabolic Bone
Disroders and at the GRADE center, the American University of Beirut, with a committee of national
and international experts (1%, They are anchored in the robust Grade-based methods, and target frac-
tures as the outcome to formulate the supplementation recommendations. They were launched in
November 2022 and endorsed by the Minister of Public Health, The Lebanese Society of Endocrinol-
ogy, Diabetes and Lipids; The Lebanese Society of Obstetrics and Gynecology, the Lebanese Orthope-
dic Society; Lebanese Rheumatology Society: Lebanese Family Medicine Society; Lebanese Internal
Medicine Society.

Box 9. Lebanese Guidelines for Vitamin D - 2022

Screening for VDD:

¢ There is no sufficient evidence on the health benefits or harms of screening for VDD among
adults 110,

e However, individuals at high-risk (as mentioned in Box 8 above), may benefit from the screening.

Vitamin D supplementation alone and fracture risk reduction:

e There is no evidence on the significant reduction of any fracture with vitamin D supplementation
alone, as compared to no supplementation 'Y, Moreover, it is not recommended to give
supplements of vitamin D, except for individuals who are institutionalized or at high-risk (as
mentioned in Box 8 above).

Vitamin D supplementation with calcium and fracture risk reduction:

¢ Evidence shows that vitamin D, coupled with calcium, reduces the risk of hip or any other
fracture among institutionalized individuals (111). However, it is not recommended to give
supplements of vitamin D and calcium, except for individuals who are institutionalized or at high-
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risk (as mentioned in Box 8 above).

Vitamin D supplementation dose and fracture risk reduction:
e For individuals receiving supplementation (i.e. those at high-risk), it is suggested to give a dose of
600-2000 IU.

Vitamin D supplementation and adverse effects:
¢ Evidence has shown that excess vitamin D supplementation may increase the risk of kidney
stones and gastrointestinal (Gl) side effects 12,

The main outcome of the recommendations was fracture.

Recommendations

Recommendation 1:

For community-dwelling Lebanese adult population, the panel suggests no screening for Vitamin D
deficiency, over screening for vitamin D deficiency (conditional recommendation, based on very low
certainty evidence).

Recommendation 2:

For institutionalized Lebanese adult population, the panel suggests no screening for Vitamin D de-
ficiency, over screening for vitamin D deficiency (conditional recommendation, based on very low
certainty evidence).

Remarks for recommendations 1 and 2:

The panel recognized that the relevant test to assess vitamin D deficiency is serum total 25 (OH) vita-
min D level. Vitamin D testing is left to the discretion of the treating physician on a case by case basis
targeting high risk individuals.

Subgroups more likely to benefit from screening: a) individuals at high risk of low vitamin D level
(history of bariatric surgery, malabsorption, malnutrition, concealed clothing style, dark skin pigmen-
tation, lactose intolerance, celiac disease, biliary disease, oldest old age, exposure to pollution, ...); b)
individuals with osteoporosis, especially when on anti-resorptive therapy; c) individuals on drugs that
affect vitamin D metabolism (e.g., glucocorticoids, anti-epileptics).

Recommendation 3:

For community-dwelling Lebanese adult population, the panel suggests no supplementation with cal-
cium and vitamin D, over supplementation (conditional recommendation, based on moderate certain-
ty evidence).

Recommendation 4:

For institutionalized Lebanese adult population, the panel suggests supplementation with calcium
and vitamin D, over no supplementation (conditional recommendation, based on moderate certainty
evidence).

Remarks for recommendations 3 and 4:

Subgroups more likely to benefit from calcium and vitamin D supplementation are: a) individuals at
high risk of low vitamin D level (obesity, bariatric surgery, malabsorption, malnutrition, concealed
clothing style, dark skin pigmentation, lactose intolerance, celiac disease, biliary disease, oldest old
age, exposure to pollution); b) individuals with osteoporosis, especially those on anti-resorptive drugs.
It is noteworthy that pivotal trials of osteoporosis medications that are approved by the Food and
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Drug Administration (FDA) and European Medicines Agency (EMEA) were implemented in the pres-
ence of calcium and vitamin D supplementation (113); c) individuals on drugs that affect vitamin D
metabolism (e.g., glucocorticoids, anti-epileptics).

Caution: Individuals need to be informed about the potential side effects of vitamin D supplementa-
tion. Tailor supplementation in individuals at increased risk of adverse effects (e.g., history of kidney
stones, gastro-intestinal side effects). Subjects with low calcium intake should be counseled about
increasing their calcium intake preferably from dietary sources.

Recommendation 5:

In community dwelling Lebanese adult individuals, for whom there is a decision to supplement with
calcium and vitamin D (high risk populations defined in first recommendation), the panel suggests
supplementation with a daily vitamin D equivalent of 600-2000 |U, as compared to doses higher than
2000 IU (conditional recommendation, very low certainty evidence).

Recommendation 6:

For institutionalized Lebanese adult individuals, for whom there is a decision to supplement with
calcium and vitamin D, the panel suggests supplementation with a daily vitamin D equivalent of 600-
2000 IU, over supplementation with doses higher than 2000 IU (conditional recommendation, very
low certainty evidence).

Remarks for recommendations 5 and 6:
As per remarks for recommendations 3 and 4.

Caution: as per caution for recommendations 3 and 4.

Moreover, in Lebanon, and as part of the initiative to implement vitamin D national guidelines, the

following 3 main points were highlighted:

¢ Revisiting the long-term primary healthcare subsidization protocol and other primary healthcare
guidelines to align them with the vitamin D guidelines.

e Capacity building for the healthcare staff and physicians on the new guidelines.

e Monitoring compliance with the vitamin D guidelines through the administrative registration
system.
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