Current knowledge on
supplementation with vitamin D,
calcium and phosphate

Summary
Calcium supplementation has long been recommended for the prevention of falls and associated non-vertebral fractures.
Recent studies suggest, however, that vitamin
D could also play a more important role in the
prevention of falls and fractures than was previously assumed. On the one hand, vitamin D
maintains calcium homeostasis and thus bone
mineral density, and thereby contributes to preventing fractures. On the other hand, vitamin
D also seems to have a positive effect on the
muscular strength in the legs, which in turn can
reduce the risk of falls.

Besides calcium and vitamin D supplementation, a sufficient serum phosphate level should
also be present to ensure sufficient bone
mineral density.
Based on current knowledge, the combined
administration of calcium, vitamin D and
phosphate therefore appears beneficial in
preventing falls and fractures in the elderly.
The term vitamin D as used below is
understood to mean the vitamin D3 form
present in the human body.
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In the leading roles:
vitamin D and calcium
Vitamin D and calcium play an important role
in the health and function of bone.
Calcium in the form of hydroxyl apatite
(Ca5(PO4)3(OH)) is a major constituent of mineral bone. In calcium deficiency, due for example
to insufficient dietary supply, calcium can be
released from bone. Demineralisation of this
kind can impair bone stability and increase the
risk of bone fractures. The consumption of calcium rich food such as milk or cheese or supplementation with calcium is therefore generally
recommended for the prevention of bone
fractures and osteoporosis.
Recent studies have shown that vitamin D plays
a more important role in the health of bone
than was previously assumed. Vitamin D together with parathormone regulates the calcium
level in the blood. When there is a vitamin D
deficiency in the blood, the absorption of calcium from the intestine and thus also the concentration of calcium in serum decreases. This in
turn, due to the effect of parathormone, induces
the release of calcium from bone, resulting in
demineralisation of bone and potentially a
higher risk of fractures.

Vitamin D also appears to have an important
influence on muscular strength. For example, a
correlation was found between high vitamin D
levels in serum and improved leg function
(Bischoff-Ferrari et al., 2004a, Pfeifer et al.,
2004). In this way, vitamin D also contributes
indirectly to preventing bone fractures: when
there is sufficient muscular strength in the
legs, the risk of falls and fractures decreases.
Besides maintaining the calcium balance, vitamin D influences the immune system and the
metabolism and also appears to play a role in
preventing cardiovascular disease (Cherniack
et al., 2008).

The sources of vitamin D

The body obtains vitamin D from sunlight on
the skin and from food.
1. Sunlight
On exposure to sunlight, vitamin D is synthesised in the skin (Cherniack et al., 2008): UV
light converts the precursor of vitamin D,
7-dehydrocholesterol, to provitamin D3, which is
itself rapidly isomerised to cholecalciferol (vitamin D3). In the liver, cholecalciferol is hydroxylated to 25(OH)D3(25-hydroxy-cholecalciferol)
and then in the kidney to 1,25(OH)2D3 (calcitriol, 1,25-dihydroxycholecalciferol). Various other
peripheral cells can also convert the 25(OH)D3
to calcitriol. Calcitriol is the active form of
vitamin D, which can bind directly to vitamin D
receptors. It can therefore also be referred to as
a hormone.

2. Food
The largest natural source of dietary vitamin
D is high-fat fish such as salmon, sardines and
mackerel. Smaller amounts of vitamin D are
found in eggs, liver and meat (Lowdon 2008).
Satisfying vitamin D requirements with the diet
therefore tends to be difficult for most people.
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Figure 1: Vitamin D metabolism, from Cherniack et al., Geriatrics, 2008
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Sunshine is often not enough

Although vitamin D synthesis is stimulated by
sunlight, vitamin D deficiency is widespread
especially among the elderly, regardless of geographical location (Cherniack et al., 2008).

The quantity of vitamin D present in the body is
determined by measuring the serum content of
25(OH) vitamin D3. A content of less than
30 - 32 ng/ml (75 - 80 nmol/l) is considered
insufficient (Heaney, 2005). Studies have shown,
however, that 40 - 90 % of elderly adults have
a serum level of less than 30 ng/ml - even in
sunny regions like South Florida (Chapuy et al.,
1997, Levis et al., 2005).

There are many reasons for the high prevalence of vitamin D hypovitaminoses:
> Insufficient sun exposure
In middle and northern Europe, the sun’s radiation during the winter half- year is insufficient
for vitamin D production in the skin (Bouillon
2001). In summer, the use of high sun protection factors can greatly reduce vitamin D synthesis (Matsuoka et al. 1987). In addition, many
elderly people tend to avoid direct exposure
to the sun completely.
> Dark skin pigmentation
Dark-skinned persons may require up to 6 times
stronger UV insolation to stimulate vitamin D
production (Clemens et al., 1982, Matsuoka et
al. 1991).
> Age
Cutaneous vitamin D synthesis decreases with
age (Holick, 1995). The skin then also contains
a reduced amount of 7-dehydrocholesterol, the
substrate for photoconversion to provitamin D
(Holick et al. 1989, MacLaughlin and Holick,
1985).
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> Overweight
Vitamin D is fat soluble. In persons with a high
body fat content, vitamin D is withdrawn from
the serum and stored in the fatty tissue.
It is then no longer available to the body in
sufficient amounts (Parikh et al., 2004).
> Atmospheric pollution
Heavy atmospheric pollution can absorb UV-B
radiation to a significant extent (Bouillon, 2001,
Scharla, 1998).
The sun’s radiation may then no longer be
sufficient for vitamin D synthesis.

Vitamin D for bone density and muscular strength

Vitamin D can be used in the prevention of falls
and fractures. It has a direct influence on bone
mineral density by maintaining calcium homeostasis, and also influences muscular strength in
the lower extremities, as has been demonstrated by various studies:
> Muscular weakness is a symptom of the
clinical syndrome of vitamin D deficiency
(Boland 1986, Glerup et al., 2000).
> Human muscle tissue possesses specific
receptors for 1,25-dihydroxyvitamin D3
(Boland et al., 1986), which decrease in
number with age (Bischoff-Ferrari, 2004c).
> In the elderly there is a positive association
between the 25(OH) vitamin D3 serum level
and the function of the lower extremities
(Bischoff-Ferrari, 2004a).

Fewer falls with vitamin D
Meta-analyses show that vitamin A can reduce
the risk of falls by 22 % compared to calcium or
placebo (Bischoff-Ferrari et al., 2004b). In a
three-year study, the risk of falls was reduced by
46 % in over-65-year-old women when the study
subjects received a combined dose of 700 IU

vitamin D and 500 mg calcium daily (BischoffFerrari et al., 2006). In women with limited physical activity, the reduction in the risk of falls
was even 65 %. In men, however, no effect was
observed in this study.

Fewer fractures with vitamin D
The daily intake of 700 - 800 IU vitamin D can
reduce the relative risk of non-vertebral fractures by 23 % and the risk of hip fractures by
26 %, as shown by a meta-analysis (BischoffFerrari et al., 2005). Significant efficacy in preventing fractures was observed in studies at a
serum concentration of 74 - 75 nmol/l and
above (see Figure 2) - a threshold which was
only reached at a daily intake level of 600 - 800
IU vitamin D (Bischoff-Ferrari, 2007a, BischoffFerrari, 2007b, Dawson-Hughes, 2005). The
administration of only 400 IU vitamin D, however, is insufficient for fracture prevention.
Based on the research data, international
experts therefore recommend a minimum daily
dose of 800 - 1000 IU vitamin D (DawsonHughes et al., 2005).
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Fractures resulting from falls among over-sixtyyear-olds are unfortunately common. The risk
of suffering a fracture in the remaining years of
life, for example, is 44 - 65 % for women and
24 - 42% for men (Nguyen et al., 2007). The
fracture risk is influenced firstly by the bone
mineral density and secondly by the probability
of suffering a fall. Muscular weakness is a
significant risk factor for falls among the elderly
(Moreland et al., 2004).
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Figure 2: The threshold for prevention of fractures lies at a serum
concentration of 74-75 nmol/l (Bischoff-Ferrari 2007b).

Vitamin D plus calcium

Ensure phosphate level in blood serum

Calcium supplementation is generally recommended to maintain bone mineral density in the
elderly. Studies suggest, however, that calcium
alone is less effective in preventing fall-related
fractures than was previously assumed.

The mineral portion of bone contains calcium and
phosphate in a molar ratio of about 1.6 : 1. A sufficient phosphate level is therefore essential for the
synthesis and mineralisation of bone.

For example, in a meta-analysis calcium provided
no reduction in the risk of hip fractures (BischoffFerrari et al., 2007c). Surprisingly, the administration of calcium alone even appeared rather to
increase the risk, for which calcium-induced phosphate deficiency may be responsible (see below).
Based on existing knowledge, the combined administration of calcium and vitamin D is beneficial in
preventing falls and fractures (Bischoff-Ferrari et
al., 2007c, Wolff et al., 2008).

Calcium is now usually administered in the form
of carbonate or gluconate. Non-absorbed calcium,
however, can interfere with phosphate absorption
by forming complexes in the intestine (Heaney
et al., 2002). Increasing calcium intake alone
can therefore result in reduced phosphate uptake,
which in turn negatively influences the bone
mineral density. Additional phosphate
supplementation can counteract this effect
(see Figure 3).
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Figure 3:
With increased calcium intake, phosphate uptake is inhibited. If only 0.5 g P is ingested daily with the diet, for example, the phosphate level even
decreases when calcium intake exceeds 1.25 g. This effect can be counteracted by higher phosphate supplementation (from Heaney et al. 2002)

Calcium + phosphate + vitamin D
Decalcit®
A balanced diet and a healthy lifestyle can usually ensure a sufficient supply of all the necessary nutrients in healthy persons. Milk and cheese
are natural sources of calcium and the sun
stimulates vitamin D production in the skin.
Nevertheless, calcium and vitamin D deficiency
are widespread especially among the elderly.
Adequate calcium and phosphate levels in the
blood are essential for a good bone mineral
density, which in turn can reduce the risk of
fractures. Vitamin D maintains the calcium and
phosphate balance. It also appears to positively
influence muscular strength in the legs, which
can reduce the risk of falls. The daily intake of
Decalcit® can additionally safeguard the supply
of calcium, vitamin D and phosphate especially
in the elderly.

Summary:
1 chewable tablet contains:
Vitamin D3 500 IU, calcium hydrogen phosphate
480 mg, aspartame, flavouring agents, excipients
1 measuring spoon of powder (=1g) contains:
Vitamin D3 750 IU, calcium hydrogen phosphate
600 mg, sugar, glucose, excipients
Note for diabetics
1 chewable tablet contains 306 mg Emdex, a
maltodextrin with a high glucose content. One
chewable tablet is equivalent to about 0.031
bread units.
1 g powder contains 0.193 g Saccharum pulvis
and 0.189 g Glucosum anhydricum. 1 measuring
spoon (=1g powder) is equivalent to about 0.021
bread units.

Decalcit® from Geistlich contains vitamin D and
calcium hydrogen phosphate. Vitamin D and
calcium are suitable for the prevention of falls
and fractures. Existing knowledge indicates that
together with the sun, a glass of milk and a
piece of cheese daily, Decalcit® is suitable for
supplementation in the elderly.
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