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Vitamin D
Navigating
what’s new

REBECCA S. MASON wB BS, PhD
CHRISTIAN GIRGIS v BS, PhD, FRACP

The vitamin D world is changing. New guidelines
balance the adverse effects of prolonged sun
exposure with the need for sunlight to synthesise
vitamin D. Importantly, the guidelines acknowledge
that people with deeply pigmented skin are at low
risk of skin cancer and relax the sun exposure
recommendations in this group. Adequate vitamin
D supplementation is beneficial in older people to
help reduce the risk of fractures.

here is confusing information about vitamin D in the
literature that sometimes produces unhelpful headlines
in the general media. This article discusses recent
randomised controlled trials, and new developments
in sun protection guidelines, vitamin D dosing schedules,
Medicare Benefits Schedule (MBS) testing guidelines for vitamin
D and the impact of vitamin D status on cancer-related
mortality. The article mainly addresses issues on vitamin D  Physiology of vitamin D
in adults. Vitamin D is a precursor to the hormone calcitriol, or
lalpha,25-dihydroxyvitamin D (1,25(0OH),D), which has an
important role in increasing calcium and phosphate absorption
from the gut and is essential for bone and muscle function.'
Vitamin D, the parent compound, is not strictly a vitamin, as
itis made in the skin when a molecule of 7-dehydrocholesterol
absorbs a photon of ultraviolet (UV) B (UVB) radiation. Pro-
vitamin D; (7-dehydrocholesterol) accumulates in the skin,
and UVB radiation has sufficiently high energy to break its
B-ring to form previtamin D, which isomerises into vitamin D
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Vitamins D, and D; are metabolised similarly, and their
actions are similar. Vitamin D can be obtained from some foods,
although relatively little vitamin D is present in most diets. Fish
(with skin and not just oily fish), but not seafood such as shellfish
or crustaceans, contains reasonable amounts of vitamin D
(8010 1001IU per 100g).> A vitamin D level of 40 IU is equivalent
to 1 mcg. A recent Australian study showed that people who ate
two or more servings of fish per week had better vitamin D
status, particularly in the winter.* Small amounts of vitamin D are
present in eggs, fortified milk and meat.®

Vitamin D is converted to 25-hydroxyvitamin D (25(0H)D),
the major circulating metabolite of vitamin D, predominantly,
but not exclusively, in the liver. This conversion is not well
regulated, and there is an approximately linear relationship
between vitamin D intake and blood 25(OH)D concentrations.®

KEY POINTS

« Vitamin D is essential for calcium homeostasis, as well
as bone and muscle function. Guidelines recommend
serum levels of vitamin D should exceed 50 nmol/L. Levels
lower than 30 nmol/L may and predispose an individual to
bone demineralisation, low calcium levels and muscle
dysfunction.
« New recommendations on sun safety balance the positive
effects of ultraviolet B radiation for vitamin D synthesis
against the risks of skin cancer. Guidelines now reflect the
ethnic diversity of the Australian population, with advice
differing according to the individual risk of skin cancer
based on skin pigmentation.
Testing individuals with specific risk factors for vitamin D
deficiency (e.g. deeply pigmented skin, chronic iliness and
reduced sun exposure) is appropriate and supported by
the Medicare Benefits Schedule.
« When considering a dose regimen for vitamin D
supplementation, ‘slow and steady’ seems to be the
best approach. Moderate doses given on daily or
weekly (1000 to 40001U daily) are safe and effective,
compared with mega-doses (e.g. >50,0001U) given
intermittently. High-dose regimens may, however, be
necessary in nonadherent individuals or those with
malabsorption.
People with vitamin D deficiency benefit from
supplementation, particularly older and at-risk individuals.
Nearly all osteoporosis trials have included supplementation
with calcium (1000 mg daily) and vitamin D (10001U daily)
along with antiosteoporotic agents.

Unlike most steroids and unlike the hormone 1,25-dihydroxy-
vitamin D, 25(OH)D has a relatively long half-life in blood
(15 to 51 days).”* Thus, 25(0OH)D concentrations are measured
to determine an individual’s vitamin D status. Most consensus
statements, including those of Australia and New Zealand,
advise a target blood concentration of 25(OH)D of at least
50 nmol/L."?

Sun exposure is the main source of vitamin D, specifically
UVB radiation in sunlight (wavelength: 290 to 320nm). In
general, more skin exposed to UVB radiation will generate
more vitamin D.*" A seasonal drop in vitamin D of around 10
to 20 nmol/L occurs in most parts of Australia in the winter,
as UVB radiation is low and skin exposure is reduced by
clothing." To allow for this reduction in vitamin D, a target of
25(OH)D blood concentration of 60 to 70 nmol/L is recommended
in mid- or late summer."* People with 25(OH)D concentrations
lower than 30 nmol/L are at risk of impaired bone mineralisa-
tion, which may result in rickets (if growth plates are present)
and osteomalacia, requiring treatment with vitamin D
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7-Dehydrocholesterol Previtamin Ds

l

Regulated
differently in different
tissues

L &
4 &5:15\7
iC
UV light Z temperature
HO et e P lCH:
HO®

25(0H) vitamin D*

1,25(0H).D = calcitriol

-— [ o
RN
Vitamin Ds i
with UV

and other tissues

and other tissues

Renal regulation:

*Tby - low calcium (TPTH)
- low phosphate
- growth
- preghancy

«lpy - high25(0H)D

- high 1,25(0H),D

Figure 1. Synthesis, sources and subsequent metabolism of vitamin D.
Abbreviations: 1,25(0H)2D = 1alpha,25-dihydroxyvitamin D; 25(0H)D = 25-hydroxyvitamin D; PTH = parathyroid hormone;

UV = ultraviolet; T = increased; | = decreased.

*Major circulating metabolite measured to determine vitamin D status. 1,25(0H)2D is synthesised in many tissues; as such,

25(0H)D availability is important.

supplementation.'” Even 25(0OH)D con-
centrations lower than 50nmol/L pose a
risk of increased bone loss through sec-
ondary hyperparathyroidism.”

The kidneys are the main site where
25(0OH)D is converted to the biologically
active 1,25(OH),D for the bloodstream,
but many other sites, including the gut,
the bone, activated macrophages and the
skin, also produce 1,25(0OH),D for local
use.? As such, the supply of 25(OH)D is
important. The conversion of 25(OH)D
to 1,25(0OH),D is highly regulated, but the
nature of the regulation is different in dif-
ferent tissues. In macrophages, 1,25(0OH),D
production is increased following the
stimulation of toll-like receptors and by
interleukin-1 and tumour necrosis factor
alpha." In the kidneys, 1,25(0OH),D
production is increased by parathyroid
hormone, which in turn is increased by
low blood calcium concentrations, by low
blood phosphate levels and under cir-
cumstances of bone growth and preg-
nancy involving skeletal growth.”” The
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increased circulating 1,25(0H),D acts in
the gut, along with other mechanisms, to
increase the fraction of ingested calcium
that is absorbed, providing mineral for
the growing skeleton. Somewhat surpris-
ingly, 1,25(0OH),D production is not
increased duringlactation.” The result is
that mineral is lost from the bone during
lactation to maintain blood calcium con-
centrations, despite losses of calcium
through milk production. The bone min-
eral loss is fully restored within three to
six months after lactation ceases.”
Degradation of vitamin D metabolites is
also increased by some antibiotics, such
as rifampicin, and some older antiepileptic
agents.?

Sun exposure: an update to

the guidelines

Use of sunscreen and other factors
affecting vitamin D synthesis

Sun safety guidelines recommend the
regular use of sunscreen. When applied
at the standard concentration of 2 mg/cm?
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(about one teaspoon for each arm) to the
whole body, sunscreen blocks vitamin D
synthesis, which is not surprising as the
action spectrum for vitamin D production
isalmost identical to that for DNA damage
or sunburn, atleast in the UVB range.'*'¢
Surprisingly, several studies have shown
that the use of sunscreen in the commu-
nity makes little difference to an individ-
ual’s vitamin D status.*'° Apart from
evidence of less-than-ideal sunscreen
application in general, people who use
sunscreen often tend to have greater sun
exposure than those who do not use sun-
screen often.*!

Having deeply pigmented skin (i.e.
Fitzpatrick’s classification V and VI) isa
major risk factor for low vitamin D sta-
tus.* Melanin absorbs UVB radiation,
competing with 7-dehydrocholesterol."’
There is also some evidence suggesting
that people with deeply pigmented skin
tend to limit sun exposure to avoid further
darkening of the skin."” In addition, wear-
ing clothing with more coverage, for cul-
tural or religious reasons, reduces the skin
area exposed to sunlight and reduces the
amount of vitamin D produced.”” This
poses a problem for women from some
ethnic groups and their babies, who
acquire their vitamin D from the mother
via the placenta.”” There is very little vita-
min D in breast milk, even if the mother
has normal levels of 25(OH)D."

Sun damage and skin cancer

Both UVB and UVA radiation cause sun
damage, the latter having lower energy
but comprising 95% of the UV energy in
sunlight.”® This sun damage includes
directand indirect DNA damage, immune
suppression and photoageing.'® If DNA
damage is not adequately repaired, muta-
tions may result, which, together with
immune suppression, are key to the devel-
opment of skin cancers."® Australia and
New Zealand have some of the highest
skin cancer rates in the world, given the
tropical or subtropical environment and
that large proportions of the population
have light-coloured skin."® Even small
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VITAMIN D continued I
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Pale, very sun-sensitive skin that burns Darker white/olive'skin that sometimes Deeply pigmented brown to black skin that
easily and that never tans or tans minimally | | PUrns buttans to light brown after repeated | | 1561y or never burns
after repeated exposure to the sun exposure to the sun; OR

Light brown skin that burns minimally and
tans to moderate brown after repeated
exposure to the sun

v

Do you have any of the following risk factors?

¢ Personal history of melanoma, other skin cancer, actinic
YES | keratosis (sunspot)

¢ Family history of melanoma

¢ Taking immunosuppressant medications

¢ Lots of moles on your skin, or moles that are large or atypical

\;

NO
Yy * Y
HIGHEST RISK OF HARM FROM INTERMEDIATE RISK OF HARM FROM LOWEST RISK OF HARM FROM
SUN EXPOSURE SUN EXPOSURE SUN EXPOSURE
Sun protection is recommended Sun protection is recommended Sun protection may not be required
¢ When the UV index is forecast to reach « When the UV index is forecast to reach * Routine sunscreen application is not
23: Apply sunscreen as part of your m needed
usual morning routine usual morning routine ¢ Sun protection may be needed if
* When the UV index is 23: Protect « When the UV index is =3: If outdoors outdoors for an extended period
yourself from the sun in 5 ways for longer than needed to maintain (i.e. 22 hours) when the UV index is 23
Obtaining vitamin D and other benefits vitamin D, protect yourself from the * Sunglasses should be routinely used to
« Discuss your vitamin D requirements sun in 5 ways protect eyes
with your doctor
¢ Time outdoors in the early morning has
benefits for mood and circadian rhythm
(but is not effective for making vitamin D)
FIVE SUNSMART STEPS OBTAINING VITAMIN D AND OTHER BENEFITS
 Slip on covering clothing ¢ Vitamin D requirements can be met by spending time outdoors. The time required
« Slop on SPF 30 (or higher) broad- varies according to your skin colour, where you live, time of day, time of year and

spectrum sunscreen clothing coverage
 If you are unable to obtain your ‘dose’ of UV radiation due to lifestyle, health limitations

or clothing requirements/preferences, discuss your vitamin D requirements with your

¢ Seek shade doctor

« Slide on some sunglasses ¢ Time outdoors in the early morning has benefits for mood and circadian rhythm (but is
not effective for making vitamin D)

e Slap on a hat

Figure 2. Recommendations according to the risk of skin cancer. Note that some people with an intermediate risk of skin cancer can appear to have
relatively pale skin, although they may have olive undertones and tan very easily with minimal burning.2®
Abbreviation: UV = ultraviolet.

Figure reproduced under a Creative Commons BY-NC-ND 4.0 licence. The figure was developed following the Sun Exposure Summit held in March 2021 by the Australian Skin and Skin Cancer
Research Centre: http://www.assc.org.au/assc-sun-exposure-summit-march-2021/
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VITAMIN D continued I

amounts of sun exposure can cause small
amounts of DNA; however, this damage
can be fully repaired within a day or so in
most people.”” Fortunately, small amounts
of exposure to UVB radiation are also
more efficient at generating vitamin D.
Continued exposure to sunlight results in
the conversion of pre-vitamin D or vita-
min D to ‘over-irradiation products’, such
as lumisterol and tachysterol, which are
further metabolised in the skin.?
Although these over-irradiation com-
pounds have little classic vitamin D activ-
ity, they may contribute, along with
skin-derived 1,25(0OH),D, to improved
repair of sun-induced DNA damage.?
Given the high sun-related skin cancer
rate in Australia, extensive skin cancer pre-
vention programs have been designed to
reduce sun exposure.” In the past 20 years
or so, sun exposure has been officially
recognised to confer positive benefits,
including vitamin D synthesis, as well as
its effects on mood and the circadian
rhythm (the latter being influenced
primarily by visible light). Although UV-
induced systemic immune suppression
facilitates the development of skin cancers,
it also dampens overactive adaptive
immune systems, resulting in a lower inci-
dence of autoimmune diseases, such as
multiple sclerosis, at latitudes closer to the
equator.’® These observations led to the
publication of guidelines on the risks and
benefits of sunlight exposure in 2005
and 2016.*% These guidelines for adults
recommend small amounts of sun expo-
sure to generate vitamin D and for other
benefits, at least in people with a low risk
of skin cancer. These guidelines also advise
the implementation of ‘Slip’ (on some cov-
ering clothing), ‘Slop’ (on some SPF30+
sunscreen), ‘Slap’ (on a hat), ‘Seek’ (shade)
and ‘Slide’ (on some sunglasses) if the UV
indexis 3 or higher. People with a high risk
of skin cancer are advised to protect
themselves from the sun at all times when
the UV index s 3 or higher. Risk factors of
skin cancer include:
o pale skin that burns easily and tans
minimally
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« apersonal history of melanoma or
other skin cancers, even with
somewhat more pigmented skin

o afamily history of melanoma

o taking immunosuppressive
medications

o the presence of many moles or moles
that are large or atypical. *®

The new guidelines

In recent years, a working group consisting
of representatives of major stakeholders
has convened to update these guidelines,
taking into account the culturally diverse
population of Australia, and the resulting
diversity in the degrees of sun sensitivity
and sun resilience in the form of higher
levels of pigmentation (Figure 2).% In the
new guidelines, people with deeply pig-
mented skin that never or rarely burns (i.e.
Fitzpatrick’s classification V or VI) are
noted to be at low risk of skin cancer. In
general, skin cancers, including melanoma
and squamous cell carcinoma, which do
develop in people with deeply pigmented
skin, tend to occur on nonsun-exposed
sites. The same group of people, including
adults and their children, are at signifi-
cantly greater risk of having vitamin D
deficiency."** The new advice indicates
that, for people with deeply pigmented
skin, routine sun protection for skin is not
needed, unless the person is expected to
be outdoors for more than two hours when
the UV index is 3 or higher. Nevertheless,
sunglasses should still be worn to protect
the eyes. The hope is that this new advice
will help improve the vitamin D status in
this group, without adverse effects.

MBS testing for vitamin D status

Although skin type, UVB availability, skin
area exposed and length of time spent in
the sun are all factors affecting vitamin D
synthesis, there is considerable biological
variability in the 25(OH)D concentrations
achieved as a result of sun exposure.” A
study of 93 surfers in Hawaii with high
levels of sun exposure showed that their
blood 25(OH)D concentrations varied
from 37 to 155nmol/L.*
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Given the difficulty of predicting an
individual’s vitamin D status, which is
based on 25(OH)D concentrations in
blood, there is some justification for the
desire to test for this. The laboratory test
for 25(OH)D is complex and expensive
for the MBS, so there have been efforts to
rein in what was once large numbers of
vitamin D tests. Apart from a letter cam-
paign to doctors deemed to be requesting
‘higher than average’ numbers of vitamin D
tests, a workshop of major stakeholders
was held in 2013, leading to the develop-
ment of clinical indications for routine
vitamin D testing with a reasonable level
of consensus. The MBS criteria for a rebate
were launched in November 2014.* These
included the expected criteria of any indi-
cations of osteoporosis or osteomalacia;
calcium or phosphate abnormalities;
malabsorption; chronic renal failure or
being a transplant recipient; or for a child
or infant, having a mother or sibling with
suspected vitamin D deficiency. Having
deeply pigmented skin is a clinical indi-
cation for testing. Importantly, ‘chronic
and severe lack of sun exposure for
cultural, medical, occupational or resi-
dential reasons’ was included in the
criteria for rebate, which potentially covers
most people who might benefit from vita-
min D testing.

Can vitamin D reduce the risk

of fractures?

People reading media headlines about
some vitamin D studies might be forgiven
for feeling that there was little point in
obtaining vitamin D from sunlight or
supplements, as it would do little good
anyway. This was particularly the case
with the media coverage of a secondary
outcome of the VITamin D and OmegA-3
TriaL (VITAL).* In this large-scale study,
more than 25,000 participants were
given 2000 IU vitamin D; per day with
or without omega 3, or placebo. Nearly
2000 fractures were reported in around
1550 participants followed up for a median
of 5.3 years. Overall, there was no effect
of taking vitamin D supplements on the
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total incidence of fractures or hip fractures
regardless of age, sex, race (20% Black),
body mass index or serum 25(0OH) D
concentrations. The authors concluded
that ‘vitamin D, supplementation did not
result in a significantly lower risk of
fractures than placebo among generally
healthy midlife and older adults who were
not selected for vitamin D deficiency, low
bone mass, or osteoporosis’ The media,
not entirely unreasonably, reported this,
more or less, as ‘vitamin D supplements
are useless even in people with low
vitamin D’. The media reports caused
many patients at the time to question their
GPs about their intake of vitamin D
supplements.

Were the media headlines reasonable?
The trial participants were community
dwelling and well enough to participate
in a clinical trial that involved multiple
visits to trial centres. Many of them were
relatively young, as the eligibility criteria
included ages older than 55 years for
women and older than 50 years for men;
the participants’ mean age was only
67 years. Furthermore, the median
baseline 25(OH)D concentration was
77 nmol/L, with concentrations lower than
60nmol/L comprising 25% of participants.
The consensus vitamin D position state-
ment for Australia and New Zealand
includes a 25(0OH)D target of 50 nmol/L
allyear.! Only 401 participants (2.4%) had
25(OH)D concentrations lower than
30 nmol/L; their ages were not specified
in the study and they experienced only 15
fractures in five years. In the trial, vita-
min D was given to healthy, relatively
young people at low risk of sustaining
fractures and who typically had an ade-
quate vitamin D status and found no effect
on the fracture risk. Even the authors
stated, ‘the trial was not designed to test
the effects of vitamin D supplementation
in those who are vitamin D deficient’.*’

This brings up some of the issues
related to trials of vitamin D. There is a
generally accepted view that vitamin D
is a threshold nutrient - if people have
‘enough’ vitamin D, giving more yields

no further benefit.!> A 25(OH)D thresh-
old for the suppression of parathyroid
hormone through the intake of vitamin D
with calcium was determined to be around
50nmol/L; for co-ordinated muscle
activity in older individuals, the thresh-
old was found to be 40 to 50 nmol/L; and
for a vitamin D effect on bone mineral
density, a threshold 30 to 40 nmol/L has
been proposed.!>!>3132

Discover Today’s

A classic randomised controlled trial
enrolled 3270 women with a mean age of
84 years (the youngest participant was
69 years of age) living in aged care facilities
and apartments, who had a baseline
25(OH)D concentration of 40 + 25 nmol/L
and a baseline calcium intake of
511 + 172 mg per day.” Based on these
features, the participant pool had a
relatively high fracture risk. They were

www.medicinetoday.com.au
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VITAMIN D continued I

given vitamin D; (800IU per day) plus
calcium (1200mg per day), or double
placebo, and followed up for 18 months.
Over half (54%) of the participants com-
pleted the study, with similar percentages
in the treatment and placebo groups. On
trial completion, the vitamin D and
calcium group had 32% fewer nonvertebral
fractures (66 vs 97, p=0.015) and 43% fewer
hip fractures (21 vs 37, p=0.043) compared
with the placebo group. When expressed
as a cumulative probability of sustaining
a fracture, the curves for hip fracture
started to diverge at 10 months, whereas
those for other nonvertebral fractures
diverged from two months.”® Although
the trial was approved by the local ethics
committee and the participants provided
informed consent, it is unlikely that a trial
of this nature would be approved today
as it is unethical to withhold vitamin D
treatment from people with known
vitamin D deficiency. Furthermore, in the
VITAL study, as in other similar trials,
participants were permitted to take their
own vitamin D supplements at a dose of
up to 800IU per day (around 40% were
doing so at baseline) and calcium at a dose
of up to 1200 mg per day (around 20% did
so at baseline).**

The importance of adequate

calcium (and protein) intake

Local production of 1,25(OH),D in bone
has been linked to the promotion of bone
formation.” Overall, key mechanisms in
reductions in fracture risk through vita-
min D treatment are increased calcium
absorption from the intestine, which
reduces secondary hyperparathyroidism
and thus decreases bone turnover.*® For
this increased calcium absorption to
confer these beneficial actions, adequate
intake of calcium is needed. Many
meta-analyses of randomised controlled
trials of vitamin D for fracture risk
reduction have concluded that a modest
beneficial effect of vitamin D plus calcium
on the fracture risk exists, with no benefit
of vitamin D alone.””*® A recent meta-
analysis of systematic reviews and earlier
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meta-analyses supported these conclu-
sions and pointed to the combination of
vitamin D and calcium in reducing body
sway and fall risk.” This analysis indicated
that groups most likely to benefit from a
vitamin D and calcium combination are
older individuals and those living in aged
care facilities, with not much proven ben-
efit for those who are generally healthy
and living in the community.* A recent
study in Australia showed no overall benefit
of monthly doses of vitamin D alone in
reducing fractures in healthy, community-
dwelling individuals between 69 and
84 years of age, although no adverse effects
and a trend to decreased fractures after
3.5 years were observed.*

The importance of adequate calcium
and protein intake, factors that tend to be
forgotten despite their key role in bone
and muscle function, was illustrated in
a trial of more than 7000 adults, with a
mean age of 86 years, across 60 aged
care facilities in Victoria.*’ In this cluster
randomised trial, the facility kitchens
increased the amounts of milk, yoghurt
and cheese present in the daily diets of the
intervention group, thus increasing their
dietary calcium intake from around
700mg per day to 1142mg per day and
protein intake from around 58g per
day (0.9g/kg) to 69 g per day (1.1 g/kg). All
the participants were taking vitamin D
supplements, with a mean baseline
25(OH)D concentration of 72nmol/L.
After 24 months, there was a 33% risk
reduction for all fractures (p<0.02) and a
46% risk reduction in hip fractures
(p<0.005) in the intervention group. The
difference in the cumulative incidence of
fractures between the groups achieved
significance at five months. The incidence
of falls also decreased in the intervention
group with a relative risk reduction of 11%
(p<0.04) after 24 months, with a small but
significant decrease at three months.*’

The participants in this study were
provided additional dietary calcium and
protein, predominantly from dairy
products, which can be low fat or lactose
free. Dietary calcium can be found in
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canned fish (with bones) and some nuts
and vegetables.* Without calcium-rich
foods, most diets provide around 300 mg
of calcium. Additional dietary calcium
is potentially beneficial for bones and
not harmful to the cardiovascular
system — and may even be helpful in this
context.*>*

Calcium supplements, however, are
somewhat controversial. Some analyses
of bone health trials that studied calcium
supplements indicated an increase in
nonfatal strokes and heart attacks in people
treated with calcium supplements,*>*
whereas other analyses indicated a
beneficial effect on cardiovascular and
nonbone health outcomes.*>** The advice
from the Australian and New Zealand
Bone and Mineral Society and Healthy
Bones Australia is to aim for total calcium
intake of 1000 to 1200 mg per day, depend-
ing on age and sex, through dietary intake
of calcium-rich foods. If this is not feasible
and additional calcium is needed for frac-
ture risk reduction, calcium supplements
containing 500 to 600 mg can be consid-
ered. Similar advice was given by the
American Society for Bone and Mineral
Research.

Ithas been speculated that any vascular
problems associated with calcium may arise
from a slight spike in blood calcium con-
centrations after taking calcium supple-
mentation.* If this occurs, taking limited
doses of calcium with food may reduce
these spikes. Most forms of calcium are
absorbed to a similar extent given adequate
gastric acidity. If not, the more easily
absorbed calcium citrate may be preferable
to calcium carbonate supplements. The
problems of nonadherence persist, attrib-
uted atleast in part to the size of the tablets,
their cost and their tendency to cause
constipation.

Vitamin D dosing schedules

Nonadherence with vitamin D treatment
isa frequent problem in clinical trials and
in general practice. Given the long half-life
of 25(OH)D, intermittent bolus doses can
be given to maintain blood 25(0OH)D
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concentrations above the target level.*®
Daily, weekly or monthly equivalent doses
of vitamin D produce similar increases in
blood 25(0H)D concentrations, achieving
astable level after around three months. 4
Although the average increase in blood
25(0OH)D concentrations is around 13 to
17nmol/L per 10001U (25mcg) per day,
there is considerable variation in the con-
centration of 25(OH)D achieved. Larger
increases in 25(OH)D are often observed
in people who have a lower baseline
25(OH)D concentration.*** It is even pos-
sible to achieve vitamin D adequacy, based
on blood 25(OH)D concentrations, with-
out causing hypercalcaemia, with annual
doses of vitamin D around 500,0001U
(12,500 mcg) per dose.*

However, this approach is not advised
to achieve favourable functional outcomes,
particularly in older individuals. In a classic
trial conducted in Victoria, menopausal
women were given vitamin D; at a dose of
500,0001U annually for four years. Para-
doxically, the incidences of both falls and
fractures significantly increased during
this time, with a subanalysis showing that
the incidence of falls significantly increased
in the first three months after each dose.*®
This accords with other analyses of
musculoskeletal outcomes, such as falls
when subjects were given high or inter-
mittent doses of vitamin D.#**

For other functional outcomes of
vitamin D supplementation, including
respiratory infections and cancer-related
mortality, daily supplementation appears
to be more useful than infrequent, large
bolus supplements.”® These results are
not entirely surprising when the physiol-
ogy of vitamin D is considered. Vitamin D
in excess can cause toxicity, and is even
an ingredient of rat poison.*** Many
mechanisms have evolved to reduce the
toxic effects of excess vitamin D. Produc-
tion of the active hormone 1,25(0OH),D is
reduced by the product itself and by high
25(0OH)D concentrations.® High 25(OH)D
concentrations also activate degradation
pathways for itself, 1,25(OH),D and other
metabolites.”

Are there different thresholds for
different outcomes?

Although the reported thresholds for
observing a benefit of vitamin D supple-
mentation for musculoskeletal effects
appear to be in the 30 to 50nmol/L range,
there may be different thresholds for
different outcomes. For example, an
analysis of the findings of the VITAL
study revealed a benefit on the incidence
of autoimmune disease, particularly
after three years of treatment.>* A recent
meta-analysis showed that vitamin D sup-
plements reduced cancer-related mortality
after around three years in trials in which
more than half the participants had base-
line 25(OH)D concentrations higher than
50nmol/L.*® Another analysis was also
consistent in showing an effect of daily
vitamin D supplementation and a need for
extended treatment periods longer than
four years to observe an effect of vitamin D
on cancer-related mortality'>* Thus, current
targetlevels of 25(OH)D of atleast 50nmol/L
all year seem adequate for musculoskeletal
benefits, but there remains a possibility
that higher targets for 25(OH)D may
be appropriate to observe nonskeletal
benefits, although considerably more
research is warranted.

Conclusion

Despite the narrowing of indications for
vitamin D testing based on measurements
0f 25(0H)D concentrations in blood, most
people for whom this test might be useful
remain included. New sun exposure guide-
lines are now designed to be appropriate
for our diverse population. Strict adher-
ence to the guidelines is important for
people at high risk of skin cancers. The
risk of sun-associated skin cancers is low,
but the risk of vitamin D deficiency is high,
for people with deeply pigmented skin.
Thus, sun protection measures are relaxed
for this group, at least when considering
less than two hours of exposure, except for
eye protection with sunglasses. Clinical
data support vitamin D treatment for all
individuals with 25(OH)D concentrations
lower than 30nmol/L, which poses a risk
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of rickets (if young) and osteomalacia, and
when levels are lower than 50nmol/L for
a sustained period. Inadequate dietary
calcium intake and vitamin D deficiency
also contribute to the development of
osteoporosis and fragility fractures. Trial
data support the provision of vitamin D
at a dose of 800 to 1000IU per day (daily
preferred over large intermittent doses),
with calcium intake of 1000 to 1200mg
per day for people with vitamin D levels
lower than 50nmol/L or low calcium
intake, particularly if they have a high risk
of sustaining fractures, such as older
people, especially in residential aged care
facilities. MT
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