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ABSTRACT

Vitamin D has important benefits in reducing the risk of many conditions and diseases. In addition to its well-known effects on
rickets, osteomalacia and osteoporosis vitamin D influences muscle function, cardiovascular homeostasis, nervous function, and
the immune response. Those diseases for which the benefits are well supported and that have large economic effects include many
types of cancer, cardiovascular diseases, diabetes mellitus, several bacterial and viral infections, and autoimmune diseases such
as multiple sclerosis. The prevalence of vitamin D deficiency/ insufficiency is high throughout the world. The currently recom-
mended daily vitamin D intake of 5-15pg is too low to achieve an adequate vitamin D status in individuals with only moderate
skin synthesis. Thus, there is a need to recommend a vitamin D intake that is effective for achieving adequate circulating 25-hy-
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droxyvitamin D concentrations (>75 nmol/L).
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INTRODUCTION

Vitamin D3 was identified in 1919 as the critical factor
in resolving the childhood bone disease of rickets." It
was not until 50 years later, that it was realized that it
acts as a steroid hormone in an endoctine manner.” Un-
derstanding of vitamin D’ role in optimal health has
expanded greatly in the past few years. Vitamin D has
long been known for its effects on calcium and bone
metabolism. Severe vitamin D deficiency causes a lack
of bone mineralization, which manifests as rickets in
children and osteomalacia in adults. Insufficient vitamin
D status also contributes to the osteoporosis. However,
it is now becoming increasingly clear that vitamin D has
a much broader range of actions in the human body
than believed before. Its physiological effects are not
only limited to bone. Various other chronic diseases
that are frequently observed in modern societies are
probably at least in part caused by inadequate vitamin

D supply
Metabolism

Active vitamin D is produced from provitamins
through conversion steps in the skin, liver, and
kidney. The provitamins are ingested from animal fats
(ergosterol) or synthesized by the liver (7-dehydrocho-
lesterol),’ and are converted to calciferol and cholecal-

ciferol by ultraviolet light, a process that occurs in the
skin. The compounds are then transported to the liver,
where they are converted to 25-hydroxyvitamin D by
a specific hydrolase.*” The final conversion occurs in
the kidney. In the presence of specific hydrolases and
a number of biochemical co-factors, 25-hydroxyvita-
min D is converted to either 24, 25-dihydroxyvitamin
D or 1, 25-dihydroxyvitamin D. The latter serves as
the potent calcium transport promoter.® A low serum
calcium level and a high PTH level cause conversion
to the 1,25 analogue, whereas a high serum calcium
level, a higher serum phosphate level, and a low PTH
level favour formation of 24,25-dihydroxyvitamin D,
which is less potent in activating calcium transport.”*
Serum phosphate also plays an important role here,
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Figure 1. Vitamin D synthesis
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because a high concentration of phosphate shunts the
25-hydroxyvitamin D into the 24, 25-dihydroxy form.
Although the 24, 25-dihydroxy form is less active in
regulating calcium levels, it has an important role in
growth-plate chondrocytes.

Sources

There are only a few food sources of vitamin D. Good
sources of vitamin D are fortified foods and beverages
such as milk, orange juice and margarine. Fish, liver,
and egg yolk are the only foods that naturally contain
vitamin D. One can obtain vitamin D3 from diet,
supplements, and natural and artificial ultraviolet-B
(UVB). Cold-water ocean fish is the primary dietary
source of dietary vitamin D. Solar UVB is not strong
enough to generate vitamin D in the skin in most
European countries in winter but can be a good source
in summer.”"’ Sunbeds, which in Europe have UV
output similar to that of the Mediterranean midday sun
but less UVB, can also generate vitamin D. While both
solar and artificial UV entail the risk of skin cancer, the
benefits of chronic but moderate UVB irradiance may
outweigh the health risks. But the European Commis-
sion’s Scientific Committee on Consumer Products has
warned against use of sunbeds (European Commission,
20006) based on its risk factors.

It appears that cod liver oil may not be a good source
of vitamin D now since many forms of cod liver oil
sold in the market have too much vitamin A (retinoic
acid)."" The problem with higher intakes of vitamin A
is that vitamin A antagonizes the action of vitamin D
and its active metabolite.

Vitamin D deficiency

Severe vitamin D deficiency can cause rickets in children
and osteomalacia in adults, characterized by impaired
bone mineralization.'"” Conversely, deficiency / in-
sufficiency of vitamin D causes a decrease in the
serum concentration of calcium due to a reduction in
intestinal absorption of calcium. This hypocalcaemia
stimulates PTH secretion (secondary hyperparathy-
roidism), resulting in an increase in bone resorption
and decrease of bone mineral density (BMD). This
may contribute to the pathogenesis of osteoporo-
sis.!** Vitamin D deficiency is also associated with
muscle weakness, leading to an increased risk of falling
and fractures.'*'"> A significant correlation between the
serum concentration of 25(OH) D and falls in elderly
people has been reported."”

CURRENT CONCEPTS ON VITAMIN D

Muscle Strengthening

Vitamin D deficiency causes reduced aktomyosin
content of myofibrils, low calcium content of mi-
tochondria, reduced calcium uptake into the sarco-
plasmic reticulum, and low serum levels of muscle
enzymes.'® Daily doses of 17.5 to 20ug supplemental
vitamin D ate able to prevent falls in eldetly adults.” It
is noteworthy that in elderly people the risk of falling
predicts the risk of developing osteoporotic fractures.
Therefore, the effects of vitamin D on muscle strength
may contribute to the preventive effect of vitamin D
on osteoporotic fractures

Infections

There is mounting evidence for a pivotal role of
vitamin D in the immune system. Calcitriol is able
to induce the differentiation of monocytes into
macrophages. In addition, calcitriol increases the
activity of macrophages and facilitates their cytotoxic
activity. Macrophages represent the first unspecific
defence line of the immune system. It is well known
that the prevalence of infections such as pneumonia
is high in infants with rickets."® Studies has demon-
strated that patients with tuberculosis have lower
circulating 25(OH)D concentrations compated to
healthy controls.”” Some epidemiological data support
the assumption that vitamin D may reduce the suscep-
tibility to respiratory tract infections.”* Supplementa-
tion with 20ug or 50pg vitamin D daily for three years
significantly reduced upper respiratory tract infections
compared to placebo.”

Allergies

Denderitic cells (DCs) may induce naive T cells in an
immunogenetic direction but also in a tolerogenic
direction, depending on the state of their maturation
and their cell surface receptor. Tolerogenic DCs
generally are semimature. There is accumulating
evidence that vitamin D modulates the adaptive
immune system.* Calcitriol appears to generate
tolerogenic DCs in vivo, as demonstrated in models of
transplantation and autoimmune disease. DCs appear
to be key targets of calcitriol. Calcitriol arrest the dif-
ferentiation and maturation of DCs, maintaining them
in an immature state. Calcitriol is able to enhance the
secretion by DCs of the anti inflammatory and anti-
allergic cytokine 1L.-10.
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At present, the vitamin D hypothesis of allergies takes
two forms: Some argue that vitamin D deficiency
may cause allergic reactions whereas others argue that
vitamin D excess leads to an increased allergy risk.>?
Latter hypothesis is based on the assumption that
vitamin D may lead to Th2 predominance and increased
IgE production. It is, however, noteworthy that several
other epidemiological studies support the vitamin D
deficiency hypothesis of allergic reactions.”*

Cancer

Since vitamin D is a key regulator of various cellular
metabolic pathways, it is important for cellular
maturation, differentiation, and apoptosis.”® Interna-
tional Agency for Research on cancer that came to
the conclusion that there is consistent epidemiological
evidence for an inverse association between 25(OH)D
and colorectal cancer ,colorectal adenomas, and breast
cancer. Gorham et al.”' have estimated that approxi-
mately 32% of colon cancer and approximately 26%
of breast cancer can be prevented with 50pg vitamin D
daily and 3—10 min daily of noon sunlight seasonality,
when weather permits. Such intakes also are expected
to reduce case-fatality rates of patients who have
breast, colorectal, or prostate cancer by half. Neverthe-
less, there is also some concern that cancer risk is not
only enhanced in individuals with deficient/insufficient
vitamin D status, but also if 25(OH)D concentrations
rise above 80nmol/L.*

Diabetes Mellitus

In vitro and in vivo studies suggest that vitamin D can
prevent pancreatic beta-cell destruction and reduces
the incidence of autoimmune diabetes. This may at
least in part be due to a suppression of proinflamma-
tory cytokines such as tumor necrosis factor (TNF)-a.
Incidence rates of type 1 diabetes mellitus were
generally higher at higher latitudes and were inversely
associated with UVB irradiance, the primary source
of circulating vitamin D in humans.”® Studies show
that vitamin D supplementation was associated with a
decreased frequency of type 1 diabetes.”**

Evidence from RCTs with vitamin D and/or calcium
supplementation suggests that combined vitamin D
and calcium supplementation may have a role in the
prevention of type 2 diabetes only in populations at
high risk (i.e., glucose intolerance). Whereas vitamin D
supplementation did not improve glycemic control in
diabetic subjects with normal serum 25(OH)D levels.”
Studies show that administration of 100p.g vitamin D3
improved insulin sensitivity in vitamin D deficient and
insulin resistant women.”’ Studies have found good ob-

servational evidence that low serum 25(OH)D is a risk
factor for type 2 diabetes mellitus.’*”

Cardiovascular Disease

CVD includes various illnesses such as coronary heart
disease (CHD), peripheral arterial disease, cerebro-
vascular disease such as stroke, and congestive heart
failure. There is accumulating evidence that the vitamin
D hormone calcitriol exerts important physiological
effects in cardiomyocytes, vascular smooth muscle
cells, and the vascular endothelium.* Several studies
have demonstrated that a higher vitamin D status is
associated with approximately 50% lower cardiovas-
cular morbidity and mortality risk compared with low
vitamin D status.*

Multiple Sclerosis

Multiple sclerosis (MS) is a demyelinating disease of
the central nervous system that is debilitating and can
be fatal. In Europe and North America, regions with
higher UVB radiation have low rates of MS and vice
versa.'"® The prevalence of MS is high in people who
were born in a country with low UVB irradiance®
indicating that vitamin D status dutring the petiod of
carly life is of importance for MS susceptibility. MS
disease activity shows inverse fluctuations according to

season and vitamin D status.*+*

Role of Eldecalcitol

Eldecalcitol (1o, 25-dihydroxy-23-[3-hydroxypropyloxy]
vitamin D3; ED-71) is a new analog of the active form
of vitamin D. Eldecalcitol has recently been approved
for the treatment of osteoporosis in Japan. In addition
to regulation of calcium metabolism carried out by
conventional vitamin D analogs, eldecalcitol possesses
a strong inhibitory effect on bone resorption and causes
a significant increase in bone mineral density. Eldecal-
citol has dual effects on the metabolism of bone and
calcium and is useful for the treatment of osteoporo-
sis, especially for elderly patients (who frequently suffer
from vitamin D deficiency).*

Roles of environment and genetics

Individual’s responses to vitamin D may depend
on personal genetics. For example, dietary factors
and smoking may explain 70% of cancer risk in the
United States.” Polymorphisms of vitamin D receptor
alleles affect the action of vitamin D for cancer®® and
autoimmune diseases.” Many of the cancers for which
diet and smoking are risk factors are also vitamin D
sensitive,” thus providing an additional way to counter
the effects of environment and genetics.
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Recommended daily intake

The recommended daily vitamin D intake of 5-15 ug
is too low to achieve an adequate vitamin D status in
people with only modest UVB exposure. Generally,
treating vitamin D deficiency is easy to perform, safe,
and inexpensive. Sources of vitamin D could include
a combination of food fortification, supplements,
and natural and artificial UV-B irradiation, if propetly
acquired. It has been calculated that lpg vitamin D
increases circulating 25(OH)D levels by approximate-
ly 1nmol/L.>" Thus, a daily intake of approximately
50pg vitamin D would be necessary for increasing
the circulating 25(OH)D level from 25amol/L to
75nmol/L.. In order to achieve a 25(OH)D concen-
tration above 75nmol/L in almost all individuals of
a group with mean baseline 25(OH)D concentrations
of 38nmol/L, daily supplementation with up to 100ug
vitamin D is necessary.”

Adverse effects of vitamin D supplementation

Another consideration is possible adverse effects from
vitamin D supplementation. The primary concern is
the risk of hypercalcemia. The toxic signs of hyper-
calcemia include pain, conjunctivitis, anorexia, fever,
chills, thirst, vomiting, and weight loss. However,
most cases of vitamin D toxicity occurred at serum
25(OH)D levels >250 ng/mL. There has been concern
that higher vitamin D levels might lead to formation
of kidney stones (nephrolithiasis). Persons with
sarcoidosis or granulomatous disease,” or another
condition that causes high blood calcium levels should
not take vitamin D supplements, which can increase
the risk of hypercalcemia.”® Also, about 10%—20% of
those with lymphoma may expetience a similar effect.”

CONCLUSION

To summarise ,we can well appreciate the association
of insufficient vitamin D status with various diseases
such as myopathy, cardiovascular disease, cancer,
diabetes mellitus, MS, and infections. Meanwhile,
evidence has accumulated that vitamin D may indeed
play an important role in the etiology of many of these
diseases. The most important benefits would come
for cancer, cardiovascular disease, diabetes mellitus,
allergies, respiratory infections, and multiple sclerosis.
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