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Accumulated data supports the argument that vitamin D possesses several biological
and molecular actions apart from its role in calcium absorption and facilitation of gene
expression. Vitamin D deficiency hasbeen an associated risk factor for cardiovascular disease,
metabolic syndrome and ocular complications. The aim of this review is to summarise the
most relevant data regarding these associations and to try to clarify whether, and to what
extent, oral vitamin D supplementation could be used as a beneficial intervention in such
diseases.

Vitamin D is produced in skin exposed to sunlight UVB radiation and is then metabolised
by the kidney into calciferol, which is an active form. The main function of vitamin D is
to promote calcium and phosphorus absorption, and studies have shown that a lack of it
plays an important role in ocular conditions, such as age-related macular degeneration
and diabetic retinopathy. Recent studies have suggested that vitamin D may protect the
diabetic retina; however, other vitamin D-associated conditions (diabetes, hypertension and
cardiovascular diseases) may result in secondary ocular manifestations and the potential for
sight-threatening complications. The purpose of this review is to describe the current literature
on the role of vitamin D in ocular and systemic wellness. However, more research is needed
to determine if increasing levels of this vitamin can assist in preventing age-related macular
degeneration or diabetic retinopathy. Since vitamin D is a circulating steroid hormone, its
receptors are found in almost every cell in the human body, and this suggests that vitamin
D might have a very broad role for overall health. However, there is still demand for further
research to clarify the clinical use of vitamin D in the prevention and treatment of various
chronic diseases.

Introduction

Sunlight exposure has always been important as an energy source in the food chain. For millions
of years phytoplankton has been converting the sun’s energy by photosynthesis into energy-
producing sugars.'?® Vitamin D (also known as the sunshine vitamin) is known to promote
calcium absorption in the digestive system thus preventing rickets in children, and osteomalacia
(non-specific throbbing, aching, bone pain, weakness and muscle discomfort) in adults.!2*456789
Vitamin D deficiency and insufficiency coincide with osteoporosis (disorder characterised by low
bone mineral density and increased risk of fracture). Calcium ions are essential for a large variety
of cellular and metabolic processes in the body.? The first clinical description of rickets was made
in 1651 but it was only in 1922 that an association was found between lack of sunlight and rickets,
and that vitamin D was capable of curing rickets.!

The purpose of this review is to enhance awareness on the potential ocular and systemic benefits
of vitamin D. The identification of the vitamin D receptor in almost every human cell suggests
that it may have a vital role for not only ocular but for overall health.

Sources of vitamin D

There are two forms of vitamin D, namely vitamin D, or cholecalciferol, which is formed in
the skin after exposure to ultraviolet B radiation, and vitamin D, or ergocalciferol, obtained by
irradiation of foods or plants.** The major source of vitamin D for humans is exposure of the skin
to the sunlight."'” Excessive exposure to sunlight does not result in overproduction of vitamin D,
in the skin but is converted to other photoproducts.

Vitamin D, is produced in yeast and plants,''* and the best sources of dietary vitamin D are cod
liver oil, eggs, oily fish and UV irradiated mushroom. Juice products, bread, cereals and dairy
products are fortified with vitamin D.! The three ways to obtain vitamin D are through sunlight,
food and supplementation."
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Photosynthesis of vitamin D

Humans get most of their vitamin D from sunlight
(UVB). When a sufficient amount of light strikes the
epidermis, it triggers a reaction with a substance called
7-dehydrocholesterol. This substance is needed for the
formation of the previtamin D,. This previtamin D, is then
rapidly converted to the non-active storage form called
25-hydroxyvitamin D,, also known as 25(OH)D or calcidiol
via hydration in the liver*"! and subsequently in the kidney
to form 1,25-hydroxyvitamin D,, also known as 1,25 (OH),D
or calcitriol.*" This 1,25-hydroxyvitamin D, is the active
metabolite or endogenous hormone, which is responsible for
most of the physiological actions of vitamin D. Vitamin D is
fat soluble and is stored in the body fat. Any excess vitamin D
thatis produced during exposure to the sunlight can be stored
in body fat and used during winter when little vitamin D
is produced in the skin."*?

Through nutrition, vitamin D intake is limited.* Vegetarian
diets are restricted to the plant vitamin D, that is only present
in some mushrooms. Vitamin D, is not found in food-borne
plants.’

The synthesis of cutaneous vitamin D is mainly affected by
the amount of solar UVB radiation reaching the human skin",
thickness of the ozone layer in the atmosphere, season of the
year and time of the day.'?*!?> Sunscreens work by absorbing
UVB and UVA radiation before it enters the skin.'” Therefore,
sunscreen with a sun protection (SPF) reduces the capacity of
the skin to produce vitamin D.

Ocular wellness

The main function of vitamin D is the absorption of calcium
and phosphorus, which helps form and maintain bone
mineralisation.?"® Calcium is a crucial building block of bone.
Vitamin D may also play a role in preventing and treating
cancer,”® hypertension,' diabetes,'*"> atherosclerosis and
multiple sclerosis®. Most of these conditions have secondary
ocular manifestations, such as age-related macular
degeneration (AMD) and retinopathy.

There are several published studies suggesting an association
between vitamin D deficiency and ocular complications,
including AMD. In 2007, Parekh, Chappell, Millen, Albert
and Mores'® conducted a cross-sectional study to evaluate
the association between levels of vitamin D in serum and
prevalence of AMD. Results from this study provided
evidence that vitamin D may protect against AMD. The
researchers further speculated that the beneficial effect
of vitamin D might be via an anti-inflammatory effect.
However, they cautioned that further investigations are
needed to confirm this association. Another study has shown
that vitamin D intake reduces C-reactive protein, a marker of
systemic inflammation."”

In another cross-sectional study,'® the relationship between
serum vitamin D and concentrations and the prevalence
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of early AMD was investigated. The researchers further
reiterated that high serum vitamin D concentrations may
protect against early AMD in post-menopausal women
younger than the age of 75 years. Intake of vitamin D from
foods and supplements was related to decreased odds of
early AMD. However, more studies are needed to better
understand the potential interaction between vitamin D
status, and genetic and lifestyle factors with respect to risk
for early AMD.

Kaur et al.” conducted another cross-sectional study to
examine the hypothesis that vitamin D deficiency is associated
with increased prevalence of retinopathy in young people
with type 1 diabetes. This study found that the inflammatory
and angiogenic effect of vitamin D deficiency may contribute
to the early retinal vascular damage. Whether vitamin D
supplementation in diabetic patients can prevent or improve
the prognosis for retinopathy remains to be investigated.

In 2005, Seddon, Reynolds, Shah and Rosner® reported the
results of a study on the association of vitamin D intake
with AMD amongst 14 monozygotic twins with discordant
AMD phenotypes. The researchers found higher dietary
intake of vitamin D in the twins with early AMD compared
to co-twins with more severe AMD. Twins with low vitamin
D intake were more exposed to the development of severe
AMD compared with their co-twins with higher intake. Their
findings suggested that dietary intake of vitamin D could
be involved in the aetiology of AMD, in addition to genetic
susceptibility. This study suggested that behavioural and
nutritional factors associated with epigenetic mechanisms
are involved in the aetiology of AMD. Dietary intake may
contribute valuable information about the potential role of
vitamin D in the pathogenesis of AMD as well as other health
outcomes (hypertension, diabetes, cancer and stroke).

Vitamin D deficiency has been associated with both increased
risk and severity of multiple sclerosis, as it has a modulating
effect on the immune process that causes inflammation and
demyelination and axonal damage. Recently, a study was
conducted to determine the association of vitamin D and
retinal nerve fibre layer in multiple sclerosis patients without
a history of optic neuritis.?! The results of this study showed
that there was no relationship between vitamin D levels and
the extent of retinal axonal loss. Mutti and Marks* found
that myopes had lower levels of blood vitamin D compared
with non-myopes when adjusted for age and dietary intake.
Adjusted for dietary variables, myopes appear to have lower
average blood levels of vitamin D than non-myopes. Another
study is needed to replicate this one on a larger sample.

Age-related macular degeneration
and cardiovascular disease

There is evidence suggesting that AMD and cardiovascular
disease (CVD) share similar risk factors and common
pathogenetic mechanisms.?** Both AMD and CVD
are linked with various cardiovascular risk factors, such
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as smoking, hypertension, inflammatory markers and
common genetic variants. Both diseases are associated
with atherosclerosis and inflammation, although the exact
molecular pathway linking AMD and CVDremains unknown.
Therefore, vitamin D insufficiency could be the possible
cause of both AMD and CVD. Vitamin D supplementation
is needed to prevent and treat these diseases. Because of its
anti-inflammatory properties, vitamin D may suppress the
cascade of destructive inflammation that occurs at the level
of the retinal pigment epithelium-choroid interface in early
stages of AMD.

Sun et al.® found that signs of early AMD were associated
with incident coronary heart events. However, the
mechanisms underlying this association are not fully
understood. However, a study by Fernandes et al.** did not
find any association between AMD and incidents of
cardiovascular diseases. There are no general agreement
about the clinical importance of AMD as a marker for stroke
and cardiac-related events.” Mascitelli et al.”® suggested that
vitamin D insufficiency might play a role in the development
of both AMD and coronary heart disease. Vitamin D
deficiency has been proposed to be associated with a cytokine
profile that favours inflammation (C-reactive protein) which
could dispose to both AMD and coronary heart disease.”
There is an exponential growing interest in inflammation as
one of theimportant potential risk factors for the development
of AMD. However, the effect of vitamin D supplementation
on the prevention and treatment of AMD has not yet been
studied in a randomised clinical trial.

Vitamin D and diabetic retinopathy

Diabetic retinopathy (DR) is one of the most frequent
complications of diabetes mellitus. Patrick, Visintainer, Shi,
Weiss and Brand® conducted a cross-sectional study to
explore if any association exists between vitamin D deficiency
and DR. They found that subjects with severe forms of
retinopathy had greater prevalence of vitamin D deficiency.
In a recent cross-sectional study, researchers investigated
a possible association of vitamin D deficiency with DR in
young Japanese type 1 diabetic patients. Vitamin D deficiency
was significantly associated with retinopathy.* Such results
suggested that vitamin D deficiency may be involved with
DR. Another study has suggested that vitamin D may protect
the diabetic retina."

Results from the study by Payne et al.*! found that diabetic
patients have lower serum vitamin D levels than those
without diabetes. They concluded that patients at risk for
DR should consider the use of vitamin D supplements. These
researchers maintained that DR may be caused, in part, by
insufficient vitamin D intake. This study has also found that
patients with DR, especially the proliferative form, are more
likely to have insufficient serum vitamin D levels than people
without diabetes, suggesting a link between vitamin D
deficiency and DR.*> They excluded patients with type 1
diabetes. However, both type 1 and type 2 diabetes have
been associated with low vitamin D status.

Page 3 of 5 . Review Article

http://www.avehjournal.org . doi:10.4102/aveh.v74i1.35

Vitamin D and dark-skinned people

People with naturally dark skin are at risk of vitamin D
deficiency.**** Melanin is a large opaque cellular structure'
that gives the skin colour, and the skin increases its melanin
concentration in response to sunlight. Melanin absorbs and
scatters electromagnetic radiation and thus competes with
7-dehydrocholesterol for UVB photons. Dark skin protects
the cells from the sun’s damaging effects.”® Higher melanin
levels in the skin of dark-skinned people block the action
of UVB radiation on the vitamin D precursor in the skin, so
dark-skinned people require much longer sun exposure to
produce vitamin D and are at risk of vitamin D deficiency.
Adequate vitamin D is required for the proper absorption
of calcium, and for the immune system and neuromuscular
functions. A deficiency may play a role in certain types
of cancers, cardiovascular diseases, age-related macular
degeneration and other infections.'

Adequate levels of vitamin D

Sun exposure alone ought to suffice for vitamin D sufficiency;
however, vitamin D deficiency is prevalent despite plentiful
sunshine. Lifestyle choices such as clothing (that may limit
sun exposure) or vegetarianism (which may limit vitamin
D-rich dietary options) may be the causes of vitamin D
deficiency.®%*% Vitamin D sufficiency is defined as serum
levels of 25-hydroxyvitamin D or 25(OH)D of 30 ng/mL -
100 ng/mL, whilst the levels of vitamin D insufficiency are in
the range of 21 ng/mL — 29 ng/mL.* The levels of vitamin D
deficiency are below 20 ng/mL.»

Without adequate levels of 1,25-dihydroxyvitamin D in the
bloodstream, dietary calcium cannot be absorbed.® Low
calcium levels lead to an increase in serum parathyroid
hormone concentration, which leads to increased tubular
reclamation of calcium in kidneys and reabsorption from the
skeletal at the cost of lowering bone density.* This would
lead to weakened and brittle bones that break easily. There
is currently no optimum level of vitamin D that people really
should be receiving, but enough is needed to build healthy
bones and teeth.

Who is at risk of developing
vitamin D deficiency?

People who are not regularly exposed to the sun, persons over
60 years of age, those with dark skins, persons affected by
conditions which inhibit vitamin D metabolism and storage,
obese persons, infants born to mothers with low vitamin D
and those living in regions with low sunlight levels.'***
Vitamin D deficiency may cause no symptoms at all or there
could be non-specific symptoms, such as headache or aches
and pains in bones and muscles.?® Hypovitaminosis D can be
attributed to lifestyle and environmental factors that reduce
exposure to sunlight, which is required for UVB-induced
vitamin D production in the skin.¥*** Several conditions
that can cause vitamin D deficiency include poor dietary
intake of vitamin D, inadequate sun exposure, malabsorption
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due to inflammatory bowel disease, gastric surgery and a
variety of medications such as anticonvulsants, long-term
use of glucocorticoids, antifungal and HIV and/or AIDS
medications.®* Measures to prevent vitamin D deficiency
include increased skin exposure to sunlight for short periods,
increased fortification of food items with vitamin D and
vitamin D supplementation.

Effect of vitamin D excess

In the absence of adequate exposure to sunlight, at least
1000 IU of dietary or supplemental vitamin D intake is
required daily to prevent vitamin D deficiency. Vitamin D
from sunshine cannot be overdosed but taking supplements
is not risk-free. Ingesting too much vitamin D (doses that
exceed 10 000 IU) can cause high blood calcium levels
(hypercalcemia or hypercalcuria), which can damage the
kidneys. Hypercalcemia includes thirst, itchiness, diarrhoea,
malaise, wasting, polyuria and diminished appetite. The
tolerable upper level for daily vitamin D intake is 4000 IU.
There is little or no documented case of vitamin D intoxication
due to excess exposure to sunlight.*44>4* However, long-term
excessive exposure and repeated sunburns are associated
with non-melanoma skin cancers.'” Hypervitaminosis D was
reported to have been caused by drinking milk, which had
been incorrectly and excessively fortified with vitamin D, or
when treatment was performed with an active metabolite.**

Vitamin D, sunlight and skin cancer

Chronic excessive sun exposure damages the elastic structure
of the skin. It also causes skin cancer and wrinkling. The most
serious form of skin cancer is melanoma. However, most
melanomas occur even on non-sun exposed areas. Exposure
to sunlight for 5-15 minutes between the hours of 10:00
and 15:00 during spring, summer and autumn is enough to
produce adequate levels of vitamin D.'***!° Patients should
avoid extended periods of unprotected midday sunshine.
Intentional sun exposure for any length of time is not
beneficial. Sufficient vitamin D level may be achieved with
limited sun exposure.

Conclusion

Vitamin D deficiency is probably the most under-diagnosed
and under-treated nutritional deficiency. As primary eye
care providers, we should alert those vulnerable patients to
the possibility of vitamin D deficiency. Vitamin D may have
arole to play in preventing and treating systemic and ocular
conditions such as age-related macular degeneration and
diabetic retinopathy. We should also promote eye protection
and vitamin D supplementation and not regular sun exposure
as it may increase a person’s risk to skin cancer. Black people
absorb more UVB in the melanin of their skin than do White
people and, therefore, require more sun exposure to produce
the same amount of vitamin D.

Historically, vitamin D was known to be relevant for treating
rickets, but recently accumulated data suggests that it might
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also play a role in various extra-skeletal diseases, including
AMD, diabetic retinopathy, cardiovascular disease, auto-
immune disease, certain types of cancers, infectious disease
and neuropsychological conditions. The latest research
suggests that sunlight may be more essential for health then
was previously thought.
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