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ABSTRACT
Vitamin D is produced by skin exposed to ultraviolet B radiation
(Sunlight) or obtained from dietary sources. Now the scientists proved
that the vitamin D has preventive effect on broad range of health
disorders. It is required not only for bone health but also for regulation
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of a large number of physiological functions and for better human
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health. Deficiency of vitamin D in individual occurs due to limited oral
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intake, impaired intestinal absorption or inadequate sun exposure and
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can be determined by measuring serum level of 25(OH)D. Vitamin D

Kingdom of Saudi Arabia.

deficiency may causes decline in renal function which is directly
related to cardiovascular mortality. This review article includes

worldwide status of vitamin D level in population with special reference to Saudi Arabia and
some general background of vitamin D, including sources, benefits, deficiencies, dietary
requirements especially in renal failure diseases and prevention/treatment of vitamin D
deficiency.
Keywords: Vitamin D deficiency; Sunlight; 25(OH)D; ergocalciferol; cholecalciferol; Saudi
Arabia.
INTRODUCTION
Vitamin D is a vital fat-soluble vitamin occurring in several forms, especially vitamin D2
(1,25-dihydoroxyvitamin D) or vitamin D3 (25-hydroxyvitamin D), which is required for the
maintenance of musculoskeletal health especially for normal bone and tooth structure.
Vitamin D is obtained either through dietary sources or synthesized in the skin by ultraviolet
radiation from the Sun. The socio-economic status, latitude and season are important
determinants for vitamin D level. Productions of vitamin D are also affected by mutations in
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vitamin D receptor, low daily calcium intake, obesity, aging, skin pigmentation and
smoking.[1-3] The consequence of vitamin D deficiency is reflected by the high prevalence of
rickets in many countries which is reviewed by many authors.[4-6] Vitamin D deficiency not
only causes rickets among children, but it also causes bone diseases among adults. In
addition, it is associated with decreased immune function and an increased risk of
cardiovascular disease, diabetes, chronic kidney disease, polycystic ovary syndrome, and
many types of cancer such as breast, colon, and prostate cancers.[7-8] It was found that men
have a better vitamin D status than women; and adolescents, young adults and older persons
carry a high risk for vitamin D insufficiency.
Now-a-days, deficiency or insufficiency of vitamin D becomes a common international
problem.[7,9] A number of studies have shown that in the past decade the prevalence of
vitamin D deficiency, in both children and adults, has increased rapidly worldwide especially
in the United Arab Emirates, Turkey, Australia, Lebanon and India.[7, 10-14] In context to Saudi
Arabia, deficiency or insufficiency of vitamin D is normally not an expected problem due to
abundance of sunlight throughout the year. However, studies showed a high prevalence of
vitamin D deficiency in both the genders and all age groups. The studies also concluded that
the concentrations of vitamin D are significantly lower in those Saudi Arabian women who
lived in apartments and whose average exposure to sunlight was less than 30 minutes/day.[1519]

Vitamin D deficiency in pregnant women increases the risk for rickets in their offspring.[6]

Recent literatures confirmed that chronic kidney disease is also related to deficiency or
insufficiency of vitamin D.[20-21] Chronic kidney disease (CKD) refers to a condition related
to irreversible kidney damage that can further progress to end stage renal disease. CKD and
deficiency/insufficiency of vitamin D is a major public health problem worldwide and
extensive epidemiological research are available for both. However, little is known about the
relationship between deficiency/insufficiency of vitamin D and CKD. The aim of the present
review is to determine the prevalence of vitamin D deficiency in Saudi Arabians and its
association with CKD. This review will be helpful in raising awareness as well as suggesting
strategies to combat vitamin D deficiency and consequently in reducing the incidence of
CKD.
VITAMIN D AND ITS POTENTIAL HEALTH BENEFITS
There is a vast study showing the health benefits of vitamin D such as it can improves muscle
function, protect lung function, lower blood pressure, blunts your appetite and important for
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bone health. It is also required for the regulation of a large number of physiological
functions.[22] The major function of vitamin D is to increase the active absorption of ingested
calcium and phosphate that helps in building bone at younger ages.[23] Additionally, adequate
concentrations of vitamin D may be important in reducing the occurrence of autoimmune
diseases, such as multiple sclerosis, rheumatoid arthritis, diabetes, prevent rickets in children
and osteomalacia in adults, and some cancers.[24-27] An investigation in Saudi Arabia found
that there is 95% improvement in chronic low back pain after treatment with vitamin D.[15]
Vitamin D deficiency is associated with cardiovascular disease,[28] cortical bone loss,[29]
insulin resistance,[30] development of autoimmune disease, predisposing to osteoporosis,[31]
and colon, breast and prostate cancers.[32-33] Vitamin D has different form such as vitamin D2
or ergocalciferol (plant sources of vitamin D) and vitamin D3 or cholecalciferol (animal
sources of vitamin D). Vitamin D from all sources are turned into 25-vitamin D in the liver
then carried to the kidneys where it is activated into 1,25-dihydroxyvitamin D or calciferol.
Most of the patient with chronic kidney disease are not able to activate vitamin D into its
active form of 1,25-dihydroxyvitamin D. The ability of activation is decreases with
progression of kidney disease (www.davita.com/kidney-disease).
SOURCES OF VITAMIN D
As mentioned above there are two form of vitamin D viz. vitamin D2 occurring in plants and
vitamin D3 occurring in humans and animals. Both the forms have been synthesized
commercially but also found in naturally.
Dietary sources of vitamin D
Some of the foods are naturally good sources of vitamin D. The best food sources for vitamin
D are fatty fish (eg. herring, mackerel, sardines, tuna, salmon) eggs and fortified foods. Many
foods, such as some breakfast cereals and milk, are fortified with vitamin D. Voluntary
fortification of other foods also occurs, however, overall, dietary intake of vitamin D is low.
As per Australian NHMRC and New Zealand Ministry of Health, the recommended daily
intakes of vitamin D that may be achieved purely through dietary means, particularly in those
at high risk are presented in table 1. The maximum dietary intake level of vitamin D for
infants (0–12 months) and adults (including pregnant or lactating women) are 1000 and 3200
IU/day, respectively.
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Table 1. Adequate daily dietary intake of vitamin D by age
Age

Adequate dietary intake (IU)

0-12 months

200

1-18 years

400

19-50 years

200

51-70 years

400

More than 70 years

600

Pregnant and lactating women, breastfed child

200

Pregnant women with limited sunlight

400

Vitamin D from Sunlight exposure
Sunlight exposure is considered as main source of vitamin D. Approximately 90% of vitamin
D is obtained from sun exposure that maintain adequate 25(OH)D serum levels in most of the
people. In this process, skin uses ultraviolet B radiation to form previtamin D3 from its
immediate precursor 7-dehydrocholesterol. Previtamin D3 then converted to vitamin D3
which varies from 10000 to 20000 IU/day.[34] The production of vitamin D in the skin
depends on the amount of UVB radiation, amount of skin exposed to sunlight, duration of
exposure and skin type. The serum levels of 25(OH)D varied in different season, with
maximum at the end of summer and minimum at winter. It also fluctuates at various latitudes
such as at latitudes greater than 35 degrees, UVB radiation is unable to produce vitamin D
during the winter season.[35]
Hypovitaminosis D and Vitamin D deficiency/insufficiency
Low levels of 25(OH)D are defined as hypovitaminosis D.[29] In the recent literature it is
often defined as vitamin D insufficiency when the level falls between 10 and 20 ng/ml, and as
vitamin D deficiency when the level falls below 10 ng/ml.[36] It was found that the people
with sun avoidant behavior, coeliac disease, chronic idiopathic musculoskeletal pain,
osteoporosis therapy, refugees, housebound, pregnant women are at risk of significant
vitamin D deficiency.[37-39] To determine whether a person is vitamin D sufficient, deficient,
or intoxicated we have to measure the circulating concentrations of 25(OH)D which is
produced in the liver.[35] Its half-life in the circulation is ~2 wk, and it is a measure of vitamin
D status. The upper limit of 25(OH)D concentrations for most commercial assays is ~125
nmol/L (50 ng/mL) but there is ambiguity. It is known that lifeguards and sunbathers can
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have blood concentrations of 25(OH)D of ~ 250 nmol/L (100 ng/mL), and they are not
vitamin D intoxicated. The lower limit of the normal range for 25(OH)D assays is also
suspicious but considered as ~78 nmol/L (30 ng/mL).[40-43] The literature suggested that
concentrations of at least 50 nmol/L are required to satisfy minimum body’s vitamin D
requirement and the preferred concentrations is 30 ng/mL.[41,43-45]
Factors that affects Vitamin D status
There are various factors that affect vitamin D level. Along with traditional factor, vitamin D
status is also affected by the objects which control dermal synthesis rate of vitamin D. In
various region of the world, UVB radiation does not penetrate the atmosphere during winter
season, and this prevents the production of vitamin D3 by the skin. Moreover, production of
dermal vitamin D is also depends on UVB intensity, latitude, season, and time of the day. The
study showed that at latitudes above 35°, winter sunlight does not contain sufficient amounts
of UVB radiation, so the skin could not produce vitamin D3.[2] Air pollution, especially in
urban areas, also reduces the amount of UVB radiation reaching the earth's surface.[35]
Cultural practices/lifestyle such as covering the skin with clothe also minimize or completely
block vitamin D production. Furthermore, studies showed that daily use of sunscreen also
reduces/blocks vitamin D synthesis,[3,46] however, it was opposed by other researchers.[35,47]
Some other factors that lead to decreased vitamin D syntheses include obesity,[48] smoking,[49]
age,[50] skin pigmentation,[51] and mobility or institutionalization of elderly people. Along
with the above mentioned factors, Saudi people have an exclusive condition that affects
vitamin D level. In Saudi Arabia, temperatures often rise above 50 C° in the summer. So,
Saudis usually spend less time to outdoors during day time and women cover their bodies to
block sunlight by using dark veils for cultural and religious reasons.
Vitamin D deficiency and related diseases
Vitamin D deficiency has been associated with various diseases, such as rickets, ostemalacia,
osteoprosis, osteoarthritis, cognitive issues, kidney disease, respiratory concerns, diabetes,
PCOS, gastrointestinal issues, cardiovascular disease, variety of immune system disorders
and many types of cancer, and also associated with muscle weakness and pain in both adults
and children.[2,7-8, 52-53]
EPIDEMIOLOGY OF HYPOVITAMINOSIS D
One of the recent reviews indicates that the hypovitaminosis D is widespread and reemerging as a major health problem globally.[54] Hypovitaminosis D is diseases caused by
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deficiency of vitamin D. There is no general agreement on optimal levels of 25(OH)D
concentration, but recently it has been re-defined by most of the researchers by a cut-off of
<20 ng/ml, for both children and adults.[55] In recent publications it is often defined as
vitamin D insufficiency when the level falls between 10 and 20 ng/ml, and as vitamin D
deficiency when the level falls below 10 ng/ml.[36] However, some of the studies such as
vitamin D deficiency in the Middle East by Fuleihan[55] had predated such definitions and
have used variable cut-offs. When serum levels of 25(OH)D are >150 ng/ml, the condition is
known as vitamin D intoxication. To determine the vitamin D status in a person, measuring
of 25(OH)D concentration is the best method. A large amount commercial assay includes
various radioimmunoassay[56] and most significantly liquid chromatography–tandem mass
spectroscopy.[57]
The status of vitamin D has been studied throughout the world and according to a PubMed
search (January 2014) around 21,246 epidemiological studies have been conducted. These
studies concluded that deficiency of vitamin D was prevalent across all the age-groups and
geographic regions.[22,58] Some of the studies concluded that 40 to 100% of U.S. and
European elderly men and women are deficient in vitamin D along with children and young
adults who are also potentially at high risk for vitamin D deficiency.[3] The community who
are exposed to direct sunlight without any sun protection and living close to the equator have
healthy levels of 25(OH)D that is above 30 ng per milliliter.[3] However, vitamin D
deficiency is common even in the sunniest areas, when the body is protected from the sun.
The studies conducted in Australia, India, United Arab Emirates, Saudi Arabia, Turkey and
Lebanon concluded that 30 to 50% of children and adults had 25(OH)D levels under 20
ng/ml.[10-12,59] Also 73% of the women and 80% of their infants were vitamin D deficient
(<20 ng/ml) at the time of birth.[60] Another recent study on vitamin D status in Eastern
Province of Saudi Arabia concludes deficiency of vitamin D among 28 to 37% of 200
randomly selected healthy men.[61] Further study in the eastern regions of Saudi Arabia,
showed low concentrations of 25(OH)D in serum among both males (25.25 nmol/L) and
females (24.75 nmol/L) even though >65% of participants had sufficient exposure to
sunlight.[62] These findings recommended that near about entire world is facing today a new
endemic disease. The actual number of vitamin-D-deficient people in the world may be far
greater than reported.
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EPIDEMIOLOGY OF RENAL FAILURE DISEASES IN KSA
A pilot community-based screening program was conducted to estimate the prevalence of
CKD and its associated risk factors in the Saudi Arabian adult population. The studies
concluded that the overall prevalence of CKD in the Saudi population was 5.7% and 5.3%
determined by using the MDRD-3 and CKD-EPI glomerular filtration equations,
respectively.[63] The prevalence of CKD in the young Saudi population was around 5.7%. The
study also showed that CKD was significantly higher in the older age groups and patients
with higher serum glucose and blood pressure.
VITAMIN D METABOLISM IN NORMAL AND DISEASED KIDNEY
Normal vitamin D metabolism
Vitamin D3 is synthesized in the skin in response to UVB radiation from sunlight. It can also
be obtained from the diet or from the food supplements. However, vitamin D2 is obtained
from some plants. Both forms of vitamin D undergo identical metabolism (Fig. 1). Though,
some data shows that vitamin D2 may be metabolized more rapidly than vitamin D3.[64-65] In
normal vitamin D metabolism conditions, 1,25-dihydroxy vitamin D (calcitriol) is
synthesized passing through a series of reactions. Initially, ultraviolet light converts 7dehydrocholesterol to previtamin D3, which is then converted to vitamin D3 (cholecalciferol).
Only 10-15 minutes of sun exposure is required to synthesize vitamin D3 more than any
known dietary source.[66-67] However, in the absence of sun exposure, vitamin D3 can also be
obtained naturally from the diet or from the fortified foods.[3,68-69] Physically vitamin D3 is
more potent than vitamin D2 which is an alternative form of vitamin D supplement derived
from plants.[64] Vitamin D (D2 and D3) is transported in the blood by the vitamin D binding
protein to the liver where these are converted into 25-hydroxy vitamin D (calcidiol), the
major circulating form of vitamin D.[70-71] In order to be biologically active and affect
metabolism and other diverse physiological functions vitamin D must be converted to its
active form. In the kidney by enzyme 1-α-hydroxylase, calcidiol is hydroxylated into 1,25dihydroxyvitamin D (calcitriol), which is the only biologically active form of vitamin D.[72-74]
The activity of enzyme 1-α-hydroxylase is regulated by parathyroid hormone, which
stimulates enzyme activity, and phosphate/fibroblast growth factor 23 (FGF-23), which
inhibit the enzyme activity.[75-77] It was found that non-renal tissues also convert calcidiol to
calcitriol using locally produced 1-α-hydroxylase.[78-79] The characteristics of 1,25dihydroxyvitamin D are those of a hormone, and consequently vitamin D is a prohormone
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rather than a true vitamin. The structure of 1,25-dihydroxyvitamin D is similar to that of other
steroid hormones.[80]

Figure 1. Vitamin D metabolism
Altered vitamin D metabolism in kidney disease
A loss of kidney function due to renal disease such as CKD leads to a decline in circulating
1,25-dihydroxyvitamin D concentrations.[81-82] Several mechanisms are involved in the
decreased levels of 1,25-dihydroxyvitamin D during altered kidney function. The quantities
of 1-α-hydroxylase, responsible for active vitamin D production, are decreases due to
decrease in renal mass. Also reduction in glomerular filtration rate may reduce production of
1,25-dihydroxyvitamin D by the kidney due to limited delivery of substrate to the 1-αhydroxylase.[83-86] In conclusion, as GFR declines, there is a limitation of substrate delivery
that can compromise the ability of the failing kidney to produce 1,25-dihydroxyvitamin D.[87]
This leads to decreased levels of 25-hydroxyvitamin D which is common feature in kidney
patients.[88] Recent literatures suggested that fibroblast growth factor-23 (FGF-23) is also
accountable for suppression of 1-alpha hydroxylase activity. Fibroblast growth factor-23
increases in the course of kidney disease and can directly decrease 1-α-hydroxylase quantity
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that may be an additional factor to limits the ability of failing kidney to maintain 1,25dihyroxyvitamin D levels along with progresses of kidney disease.[89-90] Additionally, 1-αhydroxylase activity may also be directly suppressed by phosphate retention and
hyperphosphatemia.[71]
GENETIC DETERMINANTS OF VITAMIN D INSUFFICIENCY
The quantity of circulating 25-hydroxyvitamin D is depends on its synthesis by the skin in the
presence of sun light and its dietary intake. Moreover, the role of common genetic variants in
the regulation of circulating 25(OH)D levels is also studied that suggested that the genetic
determinants of 25-hydroxyvitamin D also play a major role due to its high heritability. The
recent literatures recommended that genes involved in cholesterol synthesis (DHCR7),
hydroxylation (CYP2R1, CYP24A1), and vitamin D transport (GC) influence vitamin D
status.[91] Another studies also suggested that the genetic factors contribute substantially to
variability in 25(OH)D with estimates of heritability as high as 53%.[92-93] However, further
study is needed to determine whether this genetic predisposition modifies the response to sun
exposure/dietary intake or not. Furthermore, these variants might serve as useful genetic tools
for studies in vitamin D insufficiency and in a variety of chronic diseases along with better
understanding of the regulation of vitamin D metabolism.
VITAMIN D DEFICIENCY AND RENAL FAILURE DISEASES
Recent literatures verified that there is strapping association between chronic kidney disease
and nutritional vitamin D insufficiency or deficiency.[21] Patients with CKD have an
exceptionally high rate of severe vitamin D deficiency that is further exacerbated by the
reduced ability to convert 25(OH)D into the active form 1,25 dihydroxy-vitamin D.[94] The
mechanism of altered vitamin D metabolism in kidney disease is described in previous
section. The death rate of patients with chronic kidney disease is inversely proportional to
their renal function and along with deterioration of renal function the activity of 1-αhydroxylase is declined. The enzyme 1-α-hydroxylase is responsible for converting
25(OH)D2 to 1,25-dihydroxyvitamin D3 (calcitriol).[95] The epidemiological studies showed
that vitamin D reduced the risk of cardio vascular disease deaths in the patients with chronic
kidney disease.[96] The incidence of 25-vitamin D deficiency increases with succession of
chronic kidney disease and approaches 80% in stage 5 of chronic kidney disease patients.[97]
Another study showed that 50,000 units of cholecalciferol weekly for 12 weeks was safe and
effective in repleting 25-vitamin D levels in stage 3 and 4 chronic kidney disease patients.[98]
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VITAMIN D TREATMENT IN RENAL FAILURE DISEASES
In patients of chronic kidney diseases, serum levels of vitamin D reduced and cause vitamin
D deficiency. Since vitamin D does not occur naturally in most of the foods and due to
protection to restrict sun exposure, the use of vitamin D supplements is now required
universally.[3,94,99] Vitamin D3 or D2 may be given in oral form to fulfill required quantity.
Vitamin D3 or cholecalciferol and Vitamin D2 or ergocalciferol is the natural and synthetic
form of the vitamin D, respectively. In chronic kidney diseases, supplementation with
25(OH)D is suggested at the initiation of the disease. Recent literatures recommended that
4,000 IU may be required daily to maintain optimum levels of vitamin D in normal
populations and higher doses may be required in CKD patients.[3,94,99-100] Hemodialysis
patients will be given a prescription medicine intravenously during their dialysis treatment.
Those not on dialysis or on peritoneal dialysis will be prescribed an oral form of activated
vitamin D or generic calcitriol. The treatment of vitamin D deficiency with vitamin D
receptor activators (calcitriol, paricalcitol, or doxercalciferol) has also been shown to reduce
mortality in dialysis and non-dialysis renal failure patients.[101]
FUTURE PROSPECTIVE
As the deficiency of vitamin D is a global problem, more organized future studies are needed
to evaluate the serum level of 25(OH)D in patients with chronic kidney diseases. An efficient
epidemiological study will affect future recommendation of vitamin D intake levels. Further
studies are required to understand better the role of 25(OH)D and 1-α-hydroxylase enzyme on
cardiac function and to characterize the gene-environment interactions that influence
25(OH)D and 1,25(OH)D level. [100] In conclusion, more attention should be paid to determine
status of vitamin D in the world population and intake of vitamin D in patients suffering from
renal diseases. The people should involve in more outdoor activity during the daytime in
order to increase their exposure to sunlight especially women who live in houses such as
Saudi women. The consumption of food having good source of vitamin D such as fatty
fishes, dairy products and eggs should also be increased. Patient suffering from renal and
cardio-vascular diseases should consume additional amounts of vitamin D after proper
consultation with doctor. Also, more education is needed in the area of vitamin D deficiency
to make the public more aware of this serious problem.
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