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Foreword: Sunlight and Survival

A magic shotgun
Most people in Britain and other northern industrial countries have a level of vitamin D in their bodies that is
insufficient for optimum health, especially in winter. These low levels of vitamin D are now known to be 
associated with a wide spectrum of serious disease much of which leads on to premature death. The diseases
associated with D deficiency include more than a dozen types of cancer, multiple sclerosis, diabetes type 1,
heart disease, high blood pressure, and schizophrenia as well as the classic bone diseases: rickets, osteoporosis
and osteomalacia. Evidence that these diseases are caused, at least in part, by a deficiency of sunlight and 
vitamin D has accumulated at an accelerating pace over the last 10 years but is not well known, even to pro-
fessional scientists. This review outlines the evidence showing that these diseases are linked to deficiency of
vitamin D and the serious implications this has for public health policy in the UK and the Republic of Ireland.

“If what you say here is true then vitamin D is a “magic bullet”, said one colleague. I had not thought of it
before, but he is right. Vitamin D can fairly be compared with the first ‘magic bullet’, the antibiotic Salvarsan,
discovered by Paul Ehrlich in Germany in 1910 and used to treat syphilis which was at that time a scourge 
similar to HIV today.

Ultra-violet radiation and the vitamin D it generates produced the first cures of tuberculosis of the skin in
1903. The results were seen by the world as miraculous and earned the Danish physician Niels Finsen the 
Nobel Prize. Soon afterwards, rickets, a common disease causing devastating deformity, was also being cured
with ultra-violet radiation. Within a few years, foods such as cod liver oil, which contain vitamin D, were 
being used to cure rickets. Again the results seemed miraculous. So sunlight and vitamin D qualified as a 
magic bullet almost 100 years ago. 

Now we are confronted with a wealth of new evidence, varying in strength and quality, suggesting that 
vitamin D deficiency is important in causing a wide spectrum of chronic disease. The effect of D deficiency
goes way beyond the diseases of the bone that have long been known to be linked with vitamin D. But this new 
evidence is unfamiliar to most doctors and scientists and quiet rightly they are sceptical. At first sight it seems
unlikely that vitamin D deficiency could cause so many entirely different diseases. And we still have little idea
how D deficiency acts, together with other risk factors, to cause one disease in one person and other diseases
in other people. However the accumulated evidence linking D deficiency to chronic disease is extensive and
consistent. So it has great strength as a coherent body of work.

In the next decade vitamin D may be recognised once again as a magic bullet – or more likely as a magic
shotgun, able to do much more than a single bullet. If an optimal level of vitamin D is maintained throughout
life many tragic diseases that presently destroy lives may be prevented. We should not be surprised at this. North-
ern Europe is not man’s natural environment. Recent studies of human DNA tell us that man evolved in 
central Africa where the tropical sun provides plentiful ultra-violet light for vitamin D synthesis in the skin every
day of the year. Lack of sunlight resulting from our northern location and our maritime climate makes the British
Isles an extreme habitat compared with the tropical regions where human beings first evolved. 

Survival of the pale
Some 50,000 years ago small bands of people, almost certainly dark skinned, moved into Europe via Turkey,
a story that has been reconstructed by Professor Stephen Oppenheimer in his authoritative book ‘Out of Eden’[1].
The virgin territory of Europe provided plentiful food in summer, however in winter not only was food in short
supply, but also low levels of vitamin D must have increased the susceptibility of these pioneering bands of
people to disease and reduced their fertility. Vitamin D deficiency causes infertility, and during pregnancy and
lactation stunts the growth of the brain and other organs in the foetus and newborn. How this occurs, 
causing common diseases such as schizophrenia, is only now beginning to be understood and is explained in
some detail later in this review.

A pale skin exposed to the sun makes vitamin D six times faster than a dark skin and so pale skin has an 
important advantage in northern countries. Natural selection, powered by infertility and disease, took its toll
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on the migrants heading north.  Human skin colour changed by genetic mutation over a period of thousands
of years to a lighter shade. These changes in skin colour actually occurred several times in different human races
in various parts of the globe. Not only do native peoples everywhere have paler skins the further they live from
the equator, women and children always have paler skins than mature men of the same tribe, a neat adapta-
tion to provide the maximum vitamin D that is needed for fertility of women and growth of children [2]. 

The first Europeans probably spread along coasts and rivers where fish provided an important supplementary
source of vitamin D. But as the pioneers pushed further into the interior of Northern Europe those with paler
skins were more likely to survive and contribute to the following generation. The British Isles and Scandinavia
were the end of the trail, further north than human beings had ever lived before. The cloudy maritime climate
of the region often blocks out sunlight even in high summer adding to selection pressure for a pale skin. 

This evolutionary story, which has only been fully established recently, helps us to understand our needs
today. The pale European skin enables the first weak rays of spring sun to be used to make vitamin D and the
last weak rays of autumn to be utilised before winter comes. This extends the period during which vitamin D
may be synthesised and so must have extended the period of optimal health and fertility providing important
survival advantages. Children with British ancestry are often blond even though their parents have darker hair
and skin, an adaptation allowing maximum uptake of weak spring and autumn sun at an early age.

Sunbathing to take advantage of the most sunny times of day and the earliest and latest sun of the season
is a natural and necessary activity for human beings who have evolved to survive in this northern environment.
Tanning also provides a benefit. Pale skin in spring gives a maximum response to the weak spring sunlight. As
spring turns into summer and the sun gradually becomes stronger, pigment is deposited in the skin providing
some protection from the harsh midsummer sun and allowing longer exposure without burning. This process
involves the death of skin cells but there is no reason to believe that this should be alarming or anything 
other than a wholly natural process.

Sunlight is the primary source of vitamin D for people everywhere except for communities living within the
Arctic Circle who obtain the vitamin from oily fish and other marine animals. Now that we live in cities and
spend little time in the open air many people in the UK suffer from serious deficiency of vitamin D caused by
insufficient exposure to sunlight. This has been exacerbated by a fear of skin cancer which has dominated 
national policy on sunlight.

Sunlight policy
Since 1994 the United Kingdom government, backed by a number of cancer charities and other organisations,
has organised a campaign for prevention of skin cancer that warns against exposure to sunlight. This policy, which
is currently based on an Australian model, gives advice to cover the body with clothes or suncream, wear a hat,
seek shade between 11am and 3pm, and avoid tanning. The policy cautions the public to avoid exposure to the
sun while making no concessions to the health benefits of sunlight. In fact any benefit derived by this policy
in prevention of skin cancer is greatly outweighed by the disease deficits incurred by the loss of vitamin D. 

British government policy on sunlight advocates a lifestyle particularly unsuited to the UK. It is an 
unnatural lifestyle and is recognised as such by a large section of the public who have rejected it. Continuing
with these government recommendations can only increase vitamin D deficiency in the population and so lead
to an increase in ill health and premature death. 

A new public health policy on sunlight and vitamin D, taking in the views of a wide range of British and 
foreign experts, is badly needed in the UK. It is suggested here that any such policy should include a 
recommendation for regular sunbathing in strong sunlight whenever possible while taking care not to bake or
burn. There is no sound scientific basis for alleging that a tan is ever unhealthy and so the slogan ‘There is no
such thing as a healthy tan’ should be dropped.

People enjoy sunbathing. It is the normal and natural way to obtain vitamin D. Sunlight costs nothing and
has very great health benefits. Sadly in the UK we get too little of it. So it is folly to discourage sunbathing in
the way that has been done by government policy over a period of  10 years or more. A wise government 
policy on sunlight should encourage sunbathing while advising people how best to sunbathe safely. Such a 
policy should also recognise that for six months of the year sunlight in the UK is too weak to provide any 
vitamin D. For optimal health most people in the British Isles need to take a vitamin D supplement, at least in
winter, and probably year round. This is particularly important for special groups such as mothers and babies,
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people with dark skins, people who are overweight or stay mostly indoors, people who work at night and sleep
during the day, and the elderly. 

Present government policy on sunlight is the product of limited specialist knowledge, particularly of
dermatologists. Bone specialists and others have been ignored. A considered policy on sunlight, taking in a
wide spectrum of views, is badly needed in the UK. This report reviews the detailed scientific and medical
evidence that must be considered in developing a broadly based national policy on sunlight for the UK.

Oliver Gillie
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Summary
1. Many people of all ages in the UK have undesirably low levels of vitamin D. In winter the majority of the 
population are at risk of serious vitamin D deficiency or insufficiency which makes them vulnerable to 
chronic illness.

2. Sunlight is the most important source of vitamin D for people in the UK providing about 90% of the total
vitamin D in the body. Small amounts of vitamin D are obtained in the diet from fortified margarine, butter,
meat, eggs, oily fish and some breakfast cereals and from supplements.

3. After synthesis in the skin vitamin D is processed into its active form in several different tissues of the body.
Vitamin D plays an important role in regulating growth of some 30 or more tissues. Vitamin D works in 
several ways. It controls calcium absorption, influences differentiation and maturation of cells, triggers cell death
(apoptosis), and switches genes on and off. Despite being described correctly as a vitamin, vitamin D is also a
hormone. It alters growth signals to cells, inhibits growth of blood vessels which is an important part of 
tumour formation, and has a modulating activity on the immune system.

4. Accumulating evidence now suggests that vitamin D deficiency increases the risk of many chronic diseases
including 16 different cancers, several nervous system diseases including schizophrenia and multiple sclerosis,
diabetes types 1 and 2, as well as being a contributory cause of heart disease, raised blood pressure (hypertension),
inflammatory bowel diseases, polycystic ovary disease, menstrual problems and infertility, infections and 
dental decay. The cancers that have an increased risk as a result of D deficiency include some of the most 
common types: cancers of the breast, bowel, ovary, and prostate.

5. The cost of diseases caused by vitamin D deficiency has been estimated to be $50 billion per year in the 
United States and must be of the order of billions of pounds per year in the UK. According to government 
figures, falls and fractures alone cost some £2 billion per year in the UK. Scientific trials have shown that a 
substantial proportion of these falls and fractures can be prevented by vitamin D and calcium supplements.
Diabetes costs £1.7 billion a year in the UK (official figures) and a substantial part of this could be saved if blood
levels of vitamin D in the population were higher. The cost of other diseases such as cancer, heart disease, 
hypertension and schizophrenia must also run into billions per disease per year and a substantial number of
people might be prevented from getting each of these diseases if vitamin D levels in the population were 
improved. Sunbathing is a popular and efficient way of increasing vitamin D levels in the population.

6. Deficiency of vitamin D during the final months of pregnancy and/or in the first months of life increases the
risk of several chronic diseases e.g. schizophrenia, multiple sclerosis and diabetes type 1. The problem is most
acute for babies that are breast fed because breast milk of women in the UK is generally deficient in vitamin
D while artificial milk is supplemented with D. Pregnant and breast feeding mothers should be encouraged to
sunbathe whenever possible, and should be actively encouraged to use NHS vitamin drops (which contain D)
or other D supplements for themselves and their babies.

7. Casual exposure of the hands and face to the sun has in the past been thought to provide enough vitamin
D for good health. But this exposure is now known to be insufficient in the UK climate. Active exposure of the
skin to the sun by removing clothes and sunbathing is necessary to provide healthy levels of vitamin D that will
provide a reserve for the autumn, winter and early spring (October to March or later) when the sun is not strong
enough to induce synthesis of vitamin D. Vitamin D has a half life in the body of about six weeks and so high
levels must be achieved in summer to provide levels in the body which remain sufficient at the end of winter.

8. A white skinned person in the UK needs at least three 20 minute sessions per week of sunbathing in bright
midday sunlight with few clothes to obtain an optimum amount of vitamin D. Longer will be needed if 
sunbathing occurs at off-peak times for ultra-violet light (before 12am or after 3.00pm) or at the beginning or
end of the summer (April or September) when the sun is lower in the sky for most of the day.
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9. Dark skinned people take up to six times as long to make the same amount of vitamin D as white skinned 
people. So in the UK a person with dark skin would ideally need to sunbathe for three two hour sessions per
week to achieve an optimum amount of vitamin D. It is impossible for most people in the UK to achieve this
length of time in the sun in practice.

10. People with dark skin living in the UK have been found to be more vulnerable than white skinned people
to a number of diseases associated with vitamin D deficiency including schizophrenia, diabetes, heart disease,
hypertension and tuberculosis. Ways are needed of encouraging use of vitamin D supplements and/or 
artificial tanning by people with dark skins in order to improve their vitamin D levels and general health.

11. Deficiency of vitamin D may also be prevented in the population at large by taking supplements, especial-
ly in winter. However absorption of vitamin D, which is fat soluble, is not always efficient. In particular, old 
people and people who suffer from inflammatory bowel disease, which itself is caused in part by vitamin D
deficiency, may have trouble absorbing D supplements. Sunlight, on the other hand, is free, enjoyable and 
widely available. Even though the sun cannot always be relied upon in the UK climate it is the natural source
of vitamin D.

12. Excessive exposure to the sun may cause sunburn, skin aging, and skin cancer. Melanoma skin cancer 
causes some 1,750 deaths a year in the UK but the cause of melanoma is not clear and it is possible that less
than half of these deaths may be attributed to sun exposure. Regular exposure to the sun seems to protect
against melanoma while irregular exposure increases risk. This is probably because vitamin D protects against
melanoma while excessive exposure to the sun causing sunburn may induce melanoma. A reduction in expo-
sure to sunlight in the UK, as recommended by the government, might actually increase the incidence of
melanoma rather than reduce it. Melanoma may occur on parts of the body such as the soles of the feet that
are seldom exposed to the sun. Other types of skin cancer which are directly caused by excessive exposure
to sunlight are very common. However they can generally be treated relatively easily and cause a few hundred
deaths a year.

13. UK sunlight policy has been largely determined by dermatologists who bear the onerous task of treating skin
cancer. Doctors concerned with the problems of osteoporosis and other bone disease do not appear to have
been consulted despite an obvious interest. Now that vitamin D deficiency is known to be associated with a
wide spectrum of disease there is a need for a new national sunlight policy that recognises the positive aspects
of sunlight.

14. SunSmart, the UK’s skin cancer awareness campaign, originated in Australia which has a much sunnier and
hotter climate and an incidence of skin cancer about six times that of the UK. SunSmart advises the public to
cover up, seek the shade, and wear sunscreen. It fails to provide any advice suggesting that people should 
sunbathe in order to obtain vitamin D. Anyone following the SunSmart advice in the UK risks becoming 
deficient in vitamin D and so risks chronic ill health. The campaign is totally unsuited to British needs and should
be abandoned. 

15. The public need constructive advice on how to sunbathe safely without burning. This should include 
advice on how to make best use of the intense midday sun, how long to spend in the sun at different times,
how to recognise warning signs of burning, how to protect the eyes and the sensitive skin of the face when 
sunbathing, and how to make best use of the weak sunlight at the beginning and end of the summer.

16. The SunSmart programme has made extensive use of the slogan: ‘There is no such thing as a healthy tan’. In
fact there is no scientific basis for condemning tanning which is a natural side effect of sun exposure. 
Scientific evidence suggests that a deep tan actually protects against melanoma, although very rapid tanning
on holiday in fierce sun conditions may not be wise because of the risk of burning. Nevertheless the public 
recognition of a tan as a sign of good health is almost certainly well founded. Further attempts by cancer 
campaigners to suggest that a tan is unhealthy or that a pale complexion is desirable should be dropped.
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Recommendations

1. The current skin cancer awareness campaign including the SunSmart programme should be abandoned as soon
as possible.

2. The Chief Medical Officer’s ‘sixth tip’ for good health should be re-written as follows: 
Take every opportunity to sunbathe wearing as few clothes as possible for up to half an hour or more per day
depending on skin type, previous exposure and time of day. But take care – sensitive skin may burn after only
a few minutes. Be ready to cover up or seek the shade to avoid baking or burning. Encourage children to undress
in the sun but take care that they do not burn. 

3. A campaign that encourages the public to expose themselves safely to the sun should be planned and 
begun in April/May 2005. Those people who cannot easily expose themselves to the sun or prefer not to do
so should be advised to take a vitamin D supplement.

4. The importance of vitamin D for pregnant and nursing mothers and infants needs to be recognised as part
of any government policy on sunlight. The policy should encourage mothers to sunbathe and to allow their
children to play safely in the sun, while also encouraging mothers to make use of NHS vitamin drops. A 
special campaign is needed to promote the use of these vitamin drops.

5. Immigrants and their families and other people with dark skin need special advice on how to raise their 
levels of vitamin D. They should be encouraged to sunbathe, but they should also be recommended to take 
vitamin D supplements year round.

6. For six months of the year the sunlight reaching us in the British Isles is not strong enough to make any 
vitamin D in the skin so serious consideration needs to be given to permitting and encouraging increased 
fortification of food with vitamin D and in providing cheap supplements of vitamin D to people of all ages.
In the United States, for example, almost all milk is fortified with vitamin D. In France milk fortified with vita-
min D (at 1 microgram or 40iu/100ml*) is available as a choice. Such milk is not available in the UK because all 
fortification stopped following a scare about the effects of D-fortified milk on babies in the 1950s. A market
in D-fortified milk and other commodities should be encouraged in the UK. Expert consideration needs to be
given to the optimum level of fortification and how to encourage this market.
* iu = international units. 40iu = 1 microgram vitamin D

7. In the past artificial tanning using ultra-violet lamps has been condemned by the medical profession, but new
evidence suggests that risks may have been exaggerated. The risks of ultra-violet lamps need to be carefully
re-evaluated and balanced against the benefits that may be expected from increasing vitamin D levels and 
preventing or ameliorating a wide spectrum of disease. Consideration needs to be given to recommending 
ultra-violet lamps and tanning salons to the public as a means of maintaining vitamin D levels during winter.
Recommendations and controls concerning use of sunbeds should be reviewed with the aim of encouraging
use of sunbeds while maintaining safeguards. 

8. Research in vitamin D is presently conducted by a few enthusiasts who understand its importance but they
often have difficulty obtaining financial support because the subject is unfashionable. In recognition of the
role of vitamin D in so many chronic diseases priority now needs to be given to all kinds of research 
involving vitamin D from epidemiology through cell biology to trials of prevention and treatment of disease.

9. An international conference of doctors, scientists and policy makers interested in vitamin D should be held
in the UK as soon as possible to review what is known about the effects of vitamin D insufficiency and 
deficiency, the risks and benefits of sunlight, and best policy on supplementation with vitamin D and 
fortification of foods with vitamin D.
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10. A committee should be formed in the UK to formulate a new sunlight policy based on what is now 
known about vitamin D deficiency/insufficiency and disease. The committee should be representative of 
all medical and scientific disciplines bearing on the subject, together with lay stakeholders from associations
representing people with diseases, such as osteoporosis, multiple sclerosis, diabetes etc, that are 
associated with vitamin D insufficiency.
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Part 1: Sunlight and vitamin D deficiency

Sunlight policy in the UK
UK government health departments have spent £3.24 million over 10 years on promotion of public health programmes
which advise the public to avoid or curtail exposure to the sun [3]. The government advice is based on a Consen-
sus Statement of the UK Skin Cancer Working Party [4] which was originally agreed 10 years ago and has not been
updated. The programme is currently promoted by Cancer Research UK, although it is still largely paid for by the
government. 

Cancer Research UK have adopted the name SunSmart for their programme which appears to be modelled on
an Australian Public Health programme of the same name. In effect the UK SunSmart programme advises the 
public that exposure to the sun should generally be avoided and that they should cover up with clothes and 
sunscreen, and seek shade. In Australia the SunSmart programme claims to have reduced the incidence of sunburn
by 50% and slowed the rise in skin cancer deaths [5].

The UK SunSmart programme has made people more aware of risks associated with UV exposure and 
persuaded people to be significantly less preoccupied with tanning according to monitoring studies [3]. But it has
had no impact in reducing the incidence of melanoma, the most serious form of skin cancer, which has doubled in
the UK over the last 20 years [6]. And most important of all the programme takes no account of the health 
benefits to be obtained from exposure to the sun. 

The government policy on sunlight, like any public health policy, should be based on a calculation of risks and
benefits. Advice should only be given to the public to reduce sun exposure if it can be shown that this is likely to
do no harm and to provide substantial benefit. Any such calculation made 10 years or more ago, when the current
policy was devised, was made without knowledge of the wide range of disease now known to be caused by 
vitamin D deficiency or insufficiency. Even now the extensive link between D deficiency or insufficiency and 
chronic disease is not well known in specialist scientific and medical circles. 

Furthermore any calculation of risk and benefit leading to the current policy must have been made in the 
mistaken belief, expressed recently by the National Radiological Protection Board and accepted by government, that
casual exposure of hands and face to the sun in the UK will provide sufficient vitamin D [7]. In other words the 
calculation of risk and benefit involved in our current policy on sun exposure is based on erroneous parameters and
so has no secure foundation in scientific evidence.

It will be shown here that sufficient vitamin D for optimum health cannot generally be obtained in the UK 
simply from casual exposure to the sun. Planned exposure, including sunbathing and wearing clothing that expos-
es the skin, is necessary in the UK to provide optimum levels of vitamin D. Disease caused by vitamin D deficiency
and exacerbated by present UK sunlight policy is much greater than was imagined when the policy was first devised. 
Furthermore any benefit of the government’s present sunlight policy, such as a reduction in deaths from skin 
cancer, is substantially less than has been thought as will be shown in detail later in this report. A greater exposure
of people in the UK to sunlight inducing higher levels of vitamin D in the population as a whole is likely to make a
substantial improvement to general health of people in Britain while causing a very small, or even negligible, increase
in risk of skin cancer.

This report provides the detailed evidence that was used by the author as the basis for an article in The Independent
newspaper [8] and other articles in magazines [9, 10] drawing attention to the problems of vitamin D deficiency 
in the UK.

Sources of vitamin D
Vitamin D may be obtained in small amounts from the diet. Margarine, butter, some breakfast cereals, liver and 
other meats and eggs provide small amounts of vitamin D. Oily fish (including herring, mackerel, sardines, salmon,
trout, fresh but not tinned tuna) provide more substantial amounts but are eaten by a minority of people. In the 
United States vitamin D is added to milk but this is not permitted in the UK and some other European countries. 
Sunlight is the most important source of vitamin D, providing around 90% of the supply for most people in the UK
[11, 12]. People with darker skins require to spend up to six times as long in the sun as people with white skins to make
the same amount of vitamin D and are more likely to have low levels of vitamin D [13, 14]. 

Deficiency of vitamin D is well known to cause rickets in children, and osteomalacia and osteoporosis in adults
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[11, 12]. However these effects on bone are only the most extreme results of vitamin D deficiency. It has been 
discovered over the last ten years that vitamin D is not only made in the kidney (from pre-vitamin D synthesised by 
sunlight in the skin) but in some 30 other tissues of the body and that vitamin D plays an important role in the 
differentiation of cells and tissues [15]. 

Insufficient sunlight causing a deficiency of vitamin D has now been implicated as a contributory cause of some
16 cancers, of several nervous system diseases including schizophrenia and multiple sclerosis, of diabetes types 1 and
2, as well as being a contributory cause of heart disease, raised blood pressure (hypertension), inflammatory 
bowel diseases, polycystic ovary disease, menstrual problems and infertility, infections and dental decay. A full list
of diseases caused by vitamin D deficiency and a summary of evidence is provided in Part 2.

Vitamin D deficiency may generally be prevented by taking supplements but these are not well absorbed by 
everyone, particularly old people and those with inflammatory bowel disease. Exposure to the sun or to artificial
sunlight on sunbeds may be the best source of vitamin D for these people. 

The lamps used in sunbeds produce a spectrum of ultra-violet light which is increasingly close to natural 
sunlight. There is no reason to believe that the effect of this artificial light on the skin is substantially different from
the effects of sunlight. Research on the effects of sunbed use have produced conflicting results, but the most 
recent and most complete study [16] shows a small increase in risk of skin cancer only for those with the fairest 
skins. This small additional risk for some people has to be balanced against the very great gains in health that are
associated with higher levels of vitamin D. Sunbeds may be a healthy option that can now be recommended, if used
carefully, for maintaining winter levels of vitamin D in the UK and Europe generally where winter sun is not strong
enough to support vitamin D synthesis. 

Sunlight may have other benefits, not at present fully understood, apart from supporting vitamin D synthesis.
For example, sunlight stimulates the production of alpha-melanocyte stimulating hormone ( alpha MSH ) [17, 18] 
which has an important role in regulating the action of insulin and energy balance [19]. So alpha MSH is important
in controlling body weight and in preventing diabetes and obesity [20, 21]. In addition blue light reduces the 
production of melatonin by the pineal gland and so affects the sleep cycle. Winter depression (seasonal affective
disorder or SAD) is widely believed to occur as a result of disturbance of this cycle. These are further reasons not
to discourage exposure to the sun. 

Vitamin D status of the UK population
Most children in the UK have less than optimum levels of vitamin D in both summer and winter. In winter,  UK 
children have an average vitamin D level of 52nmol/l (measured as serum 25(OH)D) [22] which means that one third
to a half of the children have insufficient vitamin D for long term health (see Table 1). In summer the average increases
to 80nmol/l, a barely adequate level which does not allow the accumulation of any reserve to provide for the 
winter. Dark-skinned children in the UK have levels of vitamin D of 36-42nmol/l (not differentiated by season) [23]
– levels which lead to hyperparathyroidism and are not optimum for health [24]. 

A marked seasonal variation in vitamin D levels occurs in all European countries, typically with average winter
levels that are deficient or insufficient for health [25]. Teenagers and young adults in Europe often have lower 
levels of vitamin D than children, presumably because they spend less time outdoors. Adolescents in France, for 
example, have been reported to have average levels of 71 nmol/l in summer and 21 nmol/l in winter [26], while young
adults in Germany have average levels reported to be 70 nmol/l in summer and 30 nmol/l in winter [24]. 

The French teenagers and young adult Germans may safely be assumed to have a similar lifestyle to those of the
same age in the UK. If anything they have a greater opportunity for exposure to the sun because of sunnier summer
weather and summer holidays which begin earlier in late June or early July. So, extrapolating from the European 
figures, it seems likely that half of the teenagers and young adults in the UK have levels of vitamin D that are 
deficient in winter and likely to cause disease. 

Elderly people in the UK have been found to have average levels of 35nmol/l vitamin D in summer and
23nmol/l in winter [27] – levels that are insufficient for good health in winter or summer and are associated with
osteomalacia, muscle weakness, and a tendency to fall which inevitably causes bone fractures [28, 29]. 

In summary these figures show that most people in the UK have inadequate levels of vitamin D all year round.
The average summer levels are in the ‘hypovitaminosis D range’ which means that the level is not high enough to
ensure an adequate level during the following winter. This is borne out by the winter figures which 
show that the majority of people of all ages in Europe, and particularly in the UK, are at risk of serious vitamin D 
deficiency in winter.



Health Research Forum Occasional Reports: No 1 10

Oliver Gillie ■  Sunlight robbery

It is not possible for most people in the UK with indoor jobs to obtain an optimum level of vitamin D from sun-
light because weekends when they are able to go out in the middle of the day cannot be relied upon to be sunny.
So it is advisable for most people in the UK to take a vitamin D supplement at least in winter and possibly year round.
Yet this is not recognised in official advice in the UK which has not changed for many years. According to advice
no supplements of vitamin D are necessary for adults (aged 19 to 50+) who are living a normal lifestyle. People over
65 and women who are pregnant or lactating are advised to take a supplement of 400iu vitamin D per day. 

However 400iu per day is considered by expert opinion in the United States to be insufficient to maintain 
circulating levels of vitamin D at an optimum level [30-32]. A supplement providing at least 1000iu of vitamin D per
day is needed to maintain optimum levels in the body. The UK Expert Group on Vitamins and Minerals regards 1000iu
per day as safe, well tolerated long term, and necessary in some groups to avoid deficiency. So a supplement of 1000iu
per day may be taken without any reservations. However, vitamin D will not reach the optimum level in the body
with this amount of supplement unless substantial exposure to the sun is also obtained. 

Experiments with lactating mothers undertaken by Bruce Hollis and Carol Wagner at the Medical University of
South Carolina, Charleston, have established that a supplement of 4000iu vitamin D per day is needed to pass enough
vitamin D on to the nursing infant to raise the level of the vitamin in the baby’s blood [33]. While this level of 
supplementation appears to be safe, and arguably provides a blood level of the vitamin that would normally be
achieved by our ancestors living close to nature, it does not yet have approval of the authorities in the UK. 

To obtain as near optimum blood levels of vitamin D as possible, pregnant mothers in the UK should take a 
supplement of 1000iu vitamin D and sunbathe whenever possible (while taking care not to burn) – otherwise they
will not obtain the optimum level suggested by the work of Hollis and Wagner. Mothers who are breast-feeding their
babies should also sunbathe if possible to improve the amount of vitamin D in their milk. Breast fed babies should
be given the standard infant vitamin drops which are recommended by the government. According to the official
schedule these drops are intended to provide 340iu per day up to six months of age and 280iu per day from six months
to three years. It is completely illogical to provide older babies with a smaller dose of supplement but these 
recommendations, which are based on the amount of vitamin D in a teaspoonful of cod liver oil, have remained 
unchanged for many years.

Vitamin D deficiency in the UK is greatly exacerbated by inappropriate advice on sun exposure given in the 
SunSmart programme and in other government guidance. Those who follow this official advice are likely to develop
below average vitamin D levels which in the long term are hazardous to health. Encouragement to sunbathe could
do much to improve vitamin D levels in people of all ages.

Deficiency of vitamin D may begin in the womb or shortly after birth and may continue throughout life, or it may
begin at any age.  For example, deficiency may begin with a change in lifestyle brought about by more intensive 
demands of work or as leisure habits change with age. Once D-deficiency has initiated disease, provision of 
supplements of the vitamin may or may not be able to reverse or limit damage. Bearing all this in mind the only safe
policy is to obtain optimum amounts of vitamin D from the sun and/or supplements to ensure that deficiency or
insufficiency never occurs. People who cannot obtain regular exposure to the sun in summer (two or three times
a week) should take vitamin D supplements year round.

Table 1.
Vitamin D levels and risk of disease after Zittermann [25].
This table provides guidance on what levels of vitamin D are adequate and optimal. However the exact cut-off points
are a matter of interpretation and by no means agreed by all scientists familiar with the research. Vitamin D is
measured as nmol/l 25(OH)D in serum (2.5nmol/l =  1 microgram/l)

25(OH)D nmol/l Associated disease/State of health
Below 12.5 Frank deficiency – can result in rickets
Below 25 Deficiency – may lead to rickets or osteomalacia in the long run. Increased risk of heart 

attack
Below 50 Insufficiency – may lead to hyperparathyroidism. Reduced muscle strength. Danger

of falls in elderly.
Between 50-100 Hypovitaminosis D – body stores are depleted. Parathyroid levels may be slightly 

elevated but remain in normal range
Between 100-150 or more Adequate level for optimum health
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What is the optimum exposure to the sun in the British Isles?
How much of the body needs to be exposed to the sun for how long in the British Isles to obtain optimum 
levels of vitamin D? Occasional exposure of the hands and face to sunlight is widely believed to provide sufficient 
vitamin D for good health. This view is repeated in the UK National Radiological Protection Board’s report on 
Health Effects of Ultra-violet Radiation [7] which says, in its executive summary, that: “short periods outdoors, 
as normally occur in everyday life [in the UK], will produce sufficient vitamin D, and additional or intensive 
exposures will not confer further benefit.” 

The NRPB’s conclusion is based primarily on observations of nine elderly patients aged 70-94 who lived in a 
hospital ward near Nottingham where they had access to a sunny terrace [34]. The patients were monitored over
three months from 26 April to 26 July. All the patients began with levels of vitamin D (measured as 25-OHD) less
than 50nmol/l, typical of elderly people in the UK, but nevertheless marginal and likely to lead to problems of
falls, osteoporosis [28, 29] and possibly other diseases in the long term.

Over the three months of the experiment the patients made a small average gain in vitamin D but by the 
end of July with the summer almost over seven still had levels of vitamin D below 40nmol/l. A level greater than
40nmol/l is needed in summer to maintain plasma levels of vitamin D above the danger level of 20nmol/l dur-
ing the following winter [35]. Three of the seven had levels of 22.5nmol/l or below and would be likely to run into 
problems of severe deficiency even before the arrival of winter.

Only one patient had a normal summer level of vitamin D (79.4nmol/l) and he had been discharged from 
the Nottingham hospital and ‘spent many hours outside in the garden’ and so had received relatively 
intensive exposure. This contradicts the NRPB’s conclusion quoted above that ‘intensive exposure’ may be 
expected to confer no extra benefit. Even so despite intensive exposure and the ‘normal’ level of vitamin D achieved
by this veteran gardener the level achieved was less than optimal [25] and would be likely to leave him with 
insufficient vitamin D during the following winter.

This experiment on just 10 patients exposed to the sun for three months during an uncertain English summer
is hardly a sound basis for a national policy on sunlight. Yet it seems to have achieved that status. The experimenters
record that there was an uneven distribution of warm sunny days over the three months of the study with most
of these in May. Little time was spent outdoors by the patients in June and July because the days were not warm
and sunny. It seems to have been an average English summer, a highly variable summer that cannot be relied upon
to provide clear sunlight much of the time. Because of this variability a study such as this, made over one English 
summer, cannot be a satisfactory basis for making national policy. 

The NRPB quote one further study of elderly people in Boston, Massachusetts, to support their 
assertion that normal exposure of hands and face will provide sufficient vitamin D [36]. Boston is located at lat-
itude 42º, the same as Rome, and so has a climate substantially different from the British Isles with much longer
and hotter summers. Furthermore the research was conducted in 1990 when much lower levels of vitamin D were 
accepted as optimal. The level of vitamin D produced by exposure to the sun in the Boston study was compared
with a standard minimum blood level of 37.5nmol/l. 

The 37.5nmol/l level of vitamin D in the blood was established by giving elderly volunteers, who had 
minimal outdoor activity, a daily multivitamin supplement containing 400iu vitamin D. A supplement of 400iu/day
is now known to be inadequate because it induces hyperparathyroidism, an indication that the blood level of D
is insufficient. And a summer level of 37.5nmol/l will certainly lead to vitamin D insufficiency in winter [24]. So even
in Boston, where the hours of sunlight are so much better and the summer is substantially longer, exposure of only
hands and face does not produce a sufficiently high level of vitamin D for optimum health.

The assertion made in the NRPB report that we obtain enough vitamin D from everyday exposure of hands 
and face to the sun is little more than a convenient post hoc rationalisation and is not securely founded in 
scientific evidence. Reinhold Vieth, an internationally recognised expert on vitamin D, has calculated that short 
exposures of hands and face to the sun provides as little as 200-400iu of vitamin D per day during summer 
months and will only do that if enough sunlight is available. But he calculates that such limited exposure would
leave more than half the population with insufficient vitamin D [37]. It is now recognised by international experts
that levels of vitamin D below 40nmol/l are dangerously low [25]. Many people in Britain have a level that falls
below this in both summer and winter making them vulnerable to a wide spectrum of disease. 
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Sunlight, season, and vitamin D in the British Isles
Maximum synthesis of pre-vitamin D in the skin occurs after exposure to the sun for about 10 minutes in the 
Tropics [38]. Since one side of the body is always in the shade, it takes at least 20 minutes to expose the whole body
to the sun and obtain the maximum synthesis of pre-vitamin D in the skin leading to maximal production of 
vitamin D in the body. Vitamin D synthesis in skin reaches this maximum after 10 minutes because the reaction comes
to a chemical equilibrium when pre-vitamin D begins to be converted into other compounds as quickly as it is 
synthesised.

Holick, a well-recognised world authority on vitamin D states: “Sunlight itself seems to be the most important
factor in regulating the total cutaneous production of cholecalciferol [vitamin D]. This is the likely explanation for
why there are no reported cases of vitamin D intoxication from chronic excessive exposure to sunlight.”

Outside the Tropics this process will certainly take longer to reach equilibrium. Holick has shown that there is
a substantial difference in the amount of vitamin D synthesised at midday in Boston, Mass, and Edmonton, 
Canada. Boston (42˚N) is on a latitude similar to Rome while Edmonton (52˚N) is on a latitude similar to southern 
England. In Boston some 50% more pre-vitamin D can be synthesised in a given time around midday compared with
in Edmonton [38].

Any public health policy concerned with exposure to sunlight in the UK must take account of its northerly 
location at latitude 51-61°N – a band of latitude equivalent to the southern half of Hudson’s Bay in Canada – and the
special weather conditions peculiar to the British Isles. At these latitudes the UVB content of sunlight is too weak
for six or seven months of the year to promote any vitamin D synthesis [38].

People in England, like those of Edmonton, obtain virtually no vitamin D from exposure to sunlight between 
October and March (inclusive) [25, 38]. In Scotland (latitude 55-61°N) the winter season when UVB is negligible lasts
four to six weeks longer - two to three weeks longer at each end in April and September [39]. Since the half life of
vitamin D in the body is some four to six weeks [37] people in the British Isles and other northern European 
countries are in special danger of becoming deficient in vitamin D during the winter and early spring [25]. 

Babies who are born in winter or spring are particularly at risk. This is because babies need to increase the amount
of calcium in their bodies very substantially during the two or three months before birth and in the first four months
of life as their bones grow rapidly at this time [12]. Good vitamin D levels are required for the optimum absorption
of calcium. A mother’s body stores of vitamin D, accumulated during the previous summer, are not generally 
replenished until April or May. So winter and spring born babies have an increased risk of suffering from diseases linked
with vitamin D deficiency including multiple sclerosis, schizophrenia, diabetes type 1, and tooth decay (reviewed
in some detail in Part 2). 

Babies that are breast fed and obtain no exposure to the sun are particularly at risk of vitamin D deficiency 
because breast milk of women in northern Europe is generally deficient in vitamin D [12, 33]. Since sunlight is our 
principle source of vitamin D it is important for pregnant and nursing mothers to seek exposure to the sun. These
facts need to be born in mind when recommending a public health policy on sun exposure for the UK.

Vieth and others have recommended a daily vitamin D input into the body (by sunlight or supplements) of around
2,000 iu for optimum health [37, 40, 41], although 1000iu is a more widely accepted figure. A white-skinned adult
who exposes his or her near naked body to bright midday sun for 15-20 minutes in Boston will create the 
equivalent of about 10,000iu of vitamin D which provides a good supply of vitamin D, enough to last two or three
days. But in England, even at midday in midsummer, it might take a white skinned person more like 40 minutes to
make the same amount of vitamin D, while a person with dark skin might take three hours or more to make the same
amount of vitamin D in the same conditions. 

So in England in midsummer a white person may obtain all the vitamin D he needs in three 20 minute sessions
of sunbathing on three separate days around midday over the period of a week. But a person with dark skin would
have to spend up to six one hour sessions over a week to achieve the same result. It is not easy to obtain this amount
of clear sunlight in the British Isles,  even in midsummer, as the experiment by NRPB quoted above illustrates [34].

In April and September, at the beginning and end of the English summer, longer exposures are needed to obtain
an optimum level of vitamin D. In Scotland longer exposures are likely to be needed in early May and late August
as well to obtain the same levels as in England. For most efficient results sunbathing sessions should be 
conducted in the two hours around solar noon – that is between 11.00am and 3.00pm. At other times of day the
ultra-violet component of sunlight is weaker and so a longer period must be spent in the sun [7]. 

In Denmark the value of the midday sun is recognised by the public who do not hesitate to sunbathe naked 
in parks around midday. Apart from nudity being unacceptable to many in the UK there are other practical difficulties
in obtaining 20 to 60 minutes in the sun (depending on skin colour) in the middle of the working day. Many people
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cannot get into the open air at this time and if they can the weather may not be suitable. The unreliability of 
summer weather in the British Isles is an important factor that needs to be considered in recommendations for a
UK sunlight policy. 

Our maritime climate often produces substantial cloud cover even at the height of summer. Heavy cloud often
completely obscures the sun preventing any ultra-violet light from reaching earth, but light cloud will also reduce
the level of ultra-violet light reaching earth on a sunny day. These considerations need to be taken into account in
making recommendations for healthy sun exposure in the UK. Poor weather at crucial times of year, during holiday
periods and summer weekends, may have a major effect in lowering population levels of vitamin D, causing ill health,
particularly during the following winter and spring when vitamin D levels are lowest. 

So the best advice that can be given to people living in the British Isles is to be opportunistic in obtaining sun
exposure and not miss any opportunity to remove clothes and expose as large an area of skin as possible to the sun
while taking care not to bake or burn. At midday in midsummer when the sky is clear a white skinned person will
obtain maximum vitamin D from an exposure of about 20 minutes while a person with dark skin will require up to
an hour and a half. If exposure to the sun begins in spring when the sun is weak such times may be well tolerated
by most people except those with the most sensitive skin type. If sunbathing begins in midsummer, or on holiday
abroad, then exposures should be shorter at first and special care must be taken not to burn.
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Part 2: Vitamin D and chronic disease
Sceptics may find it difficult to believe that the many diseases listed below can all be influenced by deficiency of
just one ‘vitamin’. In fact vitamin D is different from many other vitamins. Although vitamin D has become 
known as a vitamin through its discovery in food, most of our supply comes from sunlight rather than food. 
Actually vitamin D is better described as a steroid hormone. Vitamin D is now known to have many effects 
other than those on bone and is synthesised at numerous sites throughout the body in many tissues and 
organs [15]. 

Although many diseases have now been linked to deficiency or insufficiency of vitamin D or sunlight it is 
not yet known why one person may suffer from one particular D-deficiency disease rather than another. 
The timing, duration and extent of the deficiency in vitamin D are all likely to be important and may be expected
to act in conjunction with other well known risk factors such as particular diets, virus infections, heredity and so
forth. The evidence suggests that while vitamin D is a major risk factor for these diseases it is often not a unique risk
factor. That is presumably because a particular combination of risk factors together with timing in the cycle of growth 
determines which disease develops as a result of D deficiency.

Although the involvement of vitamin D deficiency or insufficiency in many different types of chronic 
disease is now well established the facts are not well known to epidemiologists or to those who make public 
health policy. For example, the Wanless Report, published in early 2004, makes no mention of vitamin D 
deficiency, despite considering the problem of falls in older people which have been directly linked to D deficiency
(see section on Muscle Weakness below) [42]. Furthermore, fractures, the most common serious injury associated
with falls, are increased by osteoporosis which is caused by vitamin D deficiency/insufficiency (see Osteoporosis
below) and these are scarcely mentioned. 

The report of the National Radiological Protection Board on Health Effects from Ultra-violet Radiation 
(published in 2002) also betrays a lack of interest or awareness of the wide range of effects of vitamin D 
deficiency on health. It devotes only one page to the non-skeletal benefits of vitamin D [7, 43]. And a specialist 
report on Vitamin D undertaken by the Food Standards Agency which appeared in draft form in 2002 [44] also paid 
remarkably little attention to non-skeletal benefits of vitamin D. After a critical appraisal in peer review the draft
FSA report is now being extensively re-written. It is hoped that a new version of this report may eventually fill some
of these gaps in the accumulation of officially recognised knowledge.

Several reviews of the link between vitamin D deficiency and chronic disease are now available [25, 45-51]. 
However all are selective in some way. Information is now accumulating at an accelerating rate and deficiency of
vitamin D or sunlight has been found to be associated with too wide a range of diseases to be easily encompassed
in a single review. This section aims to summarise the evidence linking vitamin D deficiency/insufficiency with 
chronic disease in a way that is most directly relevant to a policy on sunlight.

Nervous system disease
Birth in winter or spring, when vitamin D reserves are at their lowest, is associated with a number of 
neurological diseases which include not only schizophrenia and multiple sclerosis but bipolar disorder, autism,
Alzheimer’s disease and amyotrophic lateral sclerosis [52, 53]. These observations, which are well established, may
now be explained by strong experimental evidence showing that female rats deprived of vitamin D give birth to 
offspring with damaged brains [54]. The young rats have longer brains with larger ventricles. Cell growth in the 
brains of these rats is altered with increased proliferation, reduced apoptosis, and reduced levels of 
neurotropin receptor and nerve growth factor. In a separate experiment addition of vitamin D to laboratory cul-
tures of nerve cells was shown to increase growth of neurites and production of nerve growth factor (Brown et
al 2003).

With the rat model now before us it is no longer surprising to find that several neurological diseases may 
be caused by damage to the growing nervous system as a result of deficiency of vitamin D during pregnancy or 
early life. Substantial evidence from other sources supports the suggestion that MS and schizophrenia may be caused
by vitamin D deficiency. This is presented below, but it should be born in mind that D-deficiency may 
reasonably be suspected to be a cause (at least in part) of other chronic neurological diseases such as autism or
Alzheimer’s which are not reviewed here. The suggestion that vitamin D is a cause of these diseases does not of course
preclude other risk factors causing these diseases independently.
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Multiple sclerosis (MS)
It has been known for many years that MS occurs more frequently at high latitudes and is less frequent in sunny 
countries such as South Africa. However the first suggestion that vitamin D deficiency might explain these 
observations was made in 1997 [55].  Since then a case/control study in Australia has found that risk of MS is reduced
by exposure of children to sunlight, especially in winter [56, 57]. Other evidence from the Nurses’ Health Study has
shown that total ingested vitamin D may significantly reduce the risk of MS [58]. 

In the UK a record linkage study of people with non-melanoma skin cancer, an indication of extended sun 
exposure, has found that they have 50% of the risk of developing MS compared with healthy controls [59]. 
Observation of MS lesions in the brain has shown that they increase during the winter when MS symptoms are also
known to worsen [60]. Furthermore it has been found that vitamin D supplements will reduce symptoms of MS [61]. 

People in Britain, Sweden, Denmark or Canada who develop MS are more likely to have been born in spring, 
particularly May, and less likely to be born in November suggesting that low vitamin D levels in the last three months
of pregnancy are important in development of this disease [62]. And so it seems wise to advise pregnant women
to sunbathe whenever possible, while taking care not to burn, and to take vitamin D supplements in winter. Any 
advice that may discourage pregnant women from sunbathing, such as the current government campaign against
skin cancer, may have unfortunate consequences for the health of babies in later years.

In the opinion of one very senior British epidemiologist, expressed at a private meeting, all the evidence points
to MS being caused by a deficiency of vitamin D. He declared that what is needed now is a trial to see whether 
vitamin D may reduce progression of the disease and/or prevent it.

Schizophrenia
Much research into causes of schizophrenia during the last 50 years or more has concentrated on genetics, with the
conclusion that heredity plays a major role in the disease and that environment has rather a small role to play. 
However the methodology used in these genetic studies of schizophrenia (for example, twin studies) has not for
the most part distinguished between effects of the environment acting during pregnancy and effects of heredity
itself. Generally these effects have been lumped together and considered to be the result of heredity. Evidence 
showing that environment may have an important role has generally been ignored. Many studies have found a small
but significantly increased risk of people with schizophrenia being born in winter or spring which is compelling 
evidence for an effect of season on pregnancy in mothers of schizophrenic people [53]. 

Based on this finding and other clues from epidemiology John McGrath has proposed that low vitamin D 
during pregnancy or early infancy alters normal brain development leading to an increased risk of schizophrenia [63].
He subsequently found further evidence to support this hypothesis from studies of variation in sunlight from year
to year and correlation of this with the numbers of schizophrenic people born in those years [64]. Further analysis
has shown that the size of the winter/spring increments in births of schizophrenics has been found to vary 
systematically with latitude, with the risk of a schizophrenic being born in winter/spring being greater in northern
latitudes [65]. 

The importance of regular exposure to sunlight for prevention of schizophrenia is emphasised by other findings.
Living in an urban environment in youth has been found to be a risk factor for schizophrenia* and urban residence
has been associated with reduced exposure to UVB **. A higher than expected incidence of schizophrenia has been
found in London compared with smaller cities such as Bristol and Nottingham [66] which may possibly be explained
by greater air pollution and less penetration of UV light in the capital.

Immigrants and their families in the UK have also been found to have a higher than expected incidence of 
schizophrenia which cannot be accounted for by social factors despite many years of research [67]. The suggestion
that this high incidence is at least in part the result of low vitamin D levels caused by dark skin needs to be taken
seriously. It may take as much as six times longer for dark skin to make the same amount of vitamin D as white skin. 

The evidence suggesting that deficiency or insufficiency of vitamin D causes or is a cause of schizophrenia is now
considerable but it is still insufficient to compel sceptics to acknowledge its strength. However, it is consistent with
other studies, e.g. those of MS, showing that deficiency of vitamin D causes damage to the nervous system. And so
it supports the suggestion that all city dwellers and particularly those with a darker skin should be encouraged to
sunbathe safely and use vitamin D supplements. Pregnant women should be encouraged to sunbathe and thought
must be given to ways of enabling babies and infants to obtain safe exposure to the sun.

* Pedersen, C. B., Motersen, P. B., 2001 Evidence of a dose – response relationship between urbanicity during upbringing and 
schizophrenia risk. Arch Gen Psyohiatry, 58, pp 1039-46. 

** Nesby O’Dell, S., et al , 2002, Hypovitaminosis and determinants. Am J Clin Nutr, 76, pp 187-92.
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Diabetes type 1
It has often been observed that diabetes type 1 (type 1 DM) tends to be more common in northern than in 
southern countries although there are exceptions that until recently left doubts about interpretation [68, 69]. Now
it has been shown that in Australia, where people have a common genetic and cultural background but live over a
wide range of latitude, type 1 DM is three times more common in the temperate south of the continent than it is
the tropical north of the country [70]. 

In certain countries more children who later develop diabetes have been found to be born in spring 
and summer (March to June or July) than at other times of year. This was first found in Scotland, England and Wales
[71-73] and later in Sweden [74], Slovenia [75], Slovak Republic [76], and Sardinia [77]. It has also been found for boys
but not girls in the Netherlands [78], and for Jews but not Arabs living in Israel [79]. On the other hand fewer than
expected diabetic children are generally born in these countries at the end of the summer and particularly in 
October [74] when vitamin D levels are highest. Although these observations on seasonal distribution of birthdays
show a lot of variation and have not been found in a number of countries they are consistent with other evidence
referred to here which suggests that vitamin D levels in pregnancy and early life are important for prevention of 
type 1 DM. 

Deficiency of vitamin D in pregnancy or infancy has been found to be closely linked to diabetes type I in three
separate studies [81-83]. In the Finnish study diabetes risk was reduced by 80% in infants who had received vitamin
D supplementation in the first year of life compared with others who had no supplementation. In the sub-group
of infants who had received vitamin D supplementation regularly, the risk was reduced a further 80% if the child
had received at least the recommended 2000iu of vitamin D per day compared to those receiving lower doses. 

Up to 1975, infants in Finland were supplemented with 2000iu vitamin D per day. In 1975 this was reduced to 1000iu,
and in 1992 to 400iu. Since this reduction in dosage of vitamin D supplement began, the incidence of type 1 diabetes
in Finland has been increasing, which is consistent with vitamin D insufficiency being a risk factor for diabetes type
1. Further evidence of the ability of vitamin D to modulate the disease comes from two independent trials 
which have shown that progress of diabetes type 1 can be delayed by supplementation with vitamin D soon after
the disease is diagnosed [84, 85]. And studies in mice have also suggested that deficiency of vitamin D is a major risk 
factor for insulin dependent diabetes [86]. 

The evidence suggesting that vitamin D deficiency is a cause of diabetes type 1 is strong and on the whole 
consistent. There is every category of scientific evidence that might be asked for although the trial evidence 
showing that vitamin D has a therapeutic effect is still at an early stage. The theory that viruses or other 
environmental risk factors [87] may cause diabetes type 1 remains popular. The evidence linking diabetes type 1 to
vitamin D has not yet compelled attention from those who prefer to think in terms of these theories but it cannot
continue to be overlooked. 

The observations of seasonal births of people with diabetes type 1 reinforce conclusions from studies of MS and
schizophrenia which suggest that vitamin D levels during pregnancy and early life are vitally important for 
preventing disease. Officially endorsed advice presently discourages mothers from allowing their babies and infants
to be exposed to sunlight. Thought needs to be given now on how best mothers should be advised to expose 
babies and infants to the sun or give them supplements of vitamin D. Encouragement also needs to be given to 
pregnant women and nursing mothers to sunbathe safely, taking care not to burn.

Diabetes type 2
Pioneering work by Dr Barbara Boucher at St Bartholomew’s and the Royal London Hospitals has established 
an important link between vitamin D deficiency or insufficiency and diabetes type 2 [88]. Reduced levels of 
vitamin D induce insulin resistance and reduce insulin secretion and so increase the risk of diabetes, heart disease
and syndrome X, a complex condition combining diabetes, hypertension and heart disease [88]. A four to five fold 
higher prevalence of diabetes type 2 occurs in dark skinned Asian immigrants in the UK compared with UK whites 
suggesting that low vitamin D status increases the risk of diabetes type 2 [89]. Some studies, but not all, have found
that administration of vitamin D improves blood glucose and insulin levels [25].

Obesity and weight control
Obesity and overweight are associated with an increased risk of diabetes (see above), heart attacks, high blood 
pressure, stroke, and some forms of cancer, as well as increasing mortality generally [90]. These diseases may be 
prevented and sometimes reversed or ameliorated by loss of weight. Sunlight stimulates the production of another
hormone, alpha-melanocyte stimulating hormone (alphaMSH) [19], which plays a critical role in controlling 
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energy metabolism. The way in which alphaMSH acts on the brain to control the effects of insulin and leptin on ap-
petite and body weight has been worked out in extensive animal experiments [21]. 

The animal work has been confirmed in experiments in which alphaMSH has been given to human subjects over
a period of four weeks in a placebo controlled experiment [20]. Subjects given alphaMSH lost about a kilogram of
body weight over the period and more than one and a half kilograms of body fat. This is a very significant change
in weight but further work is needed to see whether such a loss might continue with further administration of 
alphaMSH, how long such a loss might be maintained, and whether regular sunbathing could initiate weight loss by
introducing alphaMSH naturally. 

Evidence suggesting that there is a significant link between weight and sunlight exposure comes from the fourth
Tromso study [91] which found that low vitamin D was an independent predictor of obesity in both men and women.
Vitamin D and alphaMSH levels are likely to be closely linked because both are determined by exposure to sunlight,
and so the association between obesity and vitamin D could be determined by alphaMSH and/or by 
vitamin D itself. Other evidence has shown that vitamin D and calcium exert a coordinated control over fat 
metabolism [92].

People who are obese are often deficient in vitamin D because the vitamin is preferentially deposited in body
fat and is not as readily available for general use in other parts of the body as it is in normal weight people [93]. 
This is a very interesting area of research but the work needs to be repeated and extended before it will be 
possible to know if it is of clinical importance.

High blood pressure (hypertension)
Raised blood pressure is associated with low levels of vitamin D in the body and with living in northern 
countries such as the UK. A disturbance of calcium metabolism lies behind essential hypertension, the common 
form of the disease. People with essential hypertension have decreased extracellular calcium yet intracellular 
calcium concentrations are increased [94]. Diastolic blood pressure is inversely associated with vitamin D levels 
in population groups [95] and prevalence of hypertension increases with increasing latitude [96, 97]. 
Afro-Americans have a higher prevalence of diastolic hypertension and lower vitamin D levels in blood than white
Americans [13, 97]. 

Exposure to six weeks of thrice-weekly UV radiation, which increases serum vitamin D, has been shown to 
lower blood pressure [98]. Supplementation with 800iu vitamin D and 1200mg of calcium per day has also been 
found to significantly reduce blood pressure [99]. What is known of the action of vitamin D on intracellular 
calcium is consistent with understanding of the therapeutic action of calcium blocking drugs in reducing blood 
pressure [25]. 

The evidence linking raised blood pressure to low or deficient levels of vitamin D in the body is substantial. 
Other risk factors such as salt are well known to be important. However, it is likely to be easier to persuade 
people to sunbathe as a means of reducing their blood pressure than it is to persuade them to reduce the amount
of salt in their diet.

Muscle weakness
People with low levels of vitamin D are subject to muscle weakness, swaying and difficulty in balance [29, 100, 101].
This makes them vulnerable to falls and increases the likelihood that bones that have been weakened by osteoporosis
will be broken. 

Muscle strength is influenced by vitamin D in two ways [100, 102]: 1) vitamin D initiates specific gene 
transcription in muscle cells by means of direct action on a nuclear receptor. This results in synthesis of proteins
which are essential for maturation and function of muscle cells. 2) vitamin D acts by means of a membrane bound
receptor to maintain intracellular calcium uptake and metabolism. 

Muscle strength has been found to be correlated with blood vitamin D levels in old people [103]. Serum levels
of vitamin D below 50nmol/l are associated with sway and below 30nmol/l with decreased muscle strength [29,
100]. Supplementation with vitamin D for 1 to 2 months has been shown to normalise muscle strength in patients
with myopathy [104, 105] and supplementation with vitamin D plus calcium has been shown to reduce falls in the
elderly [106, 107].

These proven effects of vitamin D in reducing falls and in improving health and well-being, particularly of the
elderly, are likely to be a good investment. Encouraging people to sunbathe safely and take a vitamin D supplement
costs very little and provides a substantial immediate gain in muscle strength and ability to survive.
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Heart failure
Low vitamin D status contributes to heart failure, a disease caused by weakness of the cardiac muscle (see section
above on ‘Muscle weakness’). A biochemical indicator of severity of heart failure has been found to correlate with
blood vitamin D levels in adults [108], and so it has been suggested that low vitamin D status may be a contributing
factor in the pathogenesis of congestive heart failure in adults. Heart failure in two Afro-British infants has been found
to be associated with vitamin D deficiency [109] and low parathyroid hormone, suggesting that D deficiency may 
contribute to heart weakness in infants. A number of other reports of heart failure in infants linked to D deficiency
exist in the literature [109]. The weakness of heart muscle associated with insufficient vitamin D may readily be 
explained in the same way as general muscle weakness caused by vitamin D deficiency [25]. 

Cardiovascular disease
A case/control study of myocardial infarction (heart attack) in New Zealand has shown that MI patients have 
lower blood levels of vitamin D than controls at all times of year [110]. The authors concluded that their results 
supported the hypothesis that increased exposure to sunlight is protective against coronary heart disease. As 
Zittermann [25] has pointed out the nadir of vitamin D levels in winter in the UK [111] is paralleled by an increased
cardiovascular morbidity [112]. 

Relatively small differences in the number of hours of sunlight between one place and another in the UK may
make a substantial difference because we have a relatively low number of hours overall. An inverse correlation 
between hours of sunlight and death rate from coronary disease has been shown for four towns in Lancashire: 
Burnley, Blackburn, Preston and Blackpool. Blackpool has 27% more hours of sunshine per year than Burnley and 9%
fewer deaths [113]. Indeed gardening outdoors in summer is sufficient in the UK to increase vitamin D levels and 
reduce serum cholesterol [113]. 

High mortality from heart disease occurs in winter in countries such as the UK [114]. This can be compared with
alpine areas which are much colder in winter yet have a low incidence of deaths from heart disease at that time of
year. This may be explained by the increased exposure to UV that occurs at altitude. Evidence that benefits of 
sunlight may be replaced by vitamin D obtained from the diet come from studies of Inuit (Eskimo). The low risk of
heart disease in Inuit despite low UV levels in the Arctic [115] can be explained by their diet which consists almost
exclusively of fish and marine meat such as seal which are rich in vitamin D. 

These epidemiological observations are backed up by comprehensive biochemical and physiological studies and
animal work. Zittermann points out that there is now increasing evidence that arteriosclerosis is a low-grade 
systemic inflammatory disease characterised by an increase in C-reactive protein which is regulated by the cytokines
IL-6 and TNF-alpha [25, 116]. Calcitriol, the active metabolite of vitamin D, suppresses the secretion of these cytokines
in a dose dependent manner [117]. Furthermore an inverse association between TNF-alpha and vitamin D levels in
human subjects has been observed by Zittermann [108]. Vitamin D also appears to have a role in arterial 
calcification which occurs in 90% of coronary artery lesions [118].

Cancer
Some 16 different types of cancer have been linked with lower intensity of UVB radiation in a US ecological study, 
suggesting that the risk of these cancers is increased by vitamin D deficiency or insufficiency [119, 120]. The ecological
approach taken in this work examines the relationship between disease and risk factors in populations rather than
individuals and is sometimes criticised for being potentially misleading. However Grant’s analysis referred to
above correctly identified cancers that have been linked in many other studies with smoking, alcohol, or Hispanic
heritage so lending support to the efficacy of the method. This provides confidence that the method is likely to
be correct in identifying cancers that are associated with and possibly caused by inadequate exposure to UVB light
or low vitamin D status. 

The 16 cancers linked by Grant to UVB are: breast, colon, endometrial, esophageal, ovarian, Hodgkin’s and non-
Hodgkin’s lymphoma, bladder, gallbladder, gastric, pancreatic, prostate, rectal, renal, testicular, and vulvar. For sev-
eral of these cancers the findings are backed up by independent case/control and cohort studies which use a dif-
ferent methodology. These studies confirm that incidence or mortality of cancers of the breast, colon, ovary, and
prostate are associated with intensity of sunlight in the area of residence, variation in exposure to sunlight as a re-
sult of occupation, or serum vitamin D levels [121-125]. A critical review of the literature on colorectal cancer has
found that vitamin D obtained from natural or artificial sunlight or supplements is necessary for protection
against colorectal cancer and vitamin D from the diet is not sufficient [126]. 

Women who have the highest exposure to sunlight or the highest levels of vitamin D have 20-50% lower 
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incidence of breast cancer compared with those who have the lowest exposure [127, 128]. In Norway people who
are diagnosed with breast, bowel or prostate cancer in the autumn have a 15% lower risk of death compared with 
those diagnosed in winter [129]. The authors suggest that UV radiation might be used effectively as a supplement
to cancer treatment. 

Important evidence supporting the association between prostate cancer and sunlight comes from Dr Christo-
pher Luscombe and colleagues at Keele University and North Staffordshire Hospital [130]. They found that sunbathing,
regular foreign holidays, and sunburn in childhood are associated with a lower risk of prostate cancer when men with
prostate cancer were compared in a case/control study with men who had benign prostatic hypertrophy. Men who
were sunburnt as children were most strongly protected against prostate cancer. This does not of course suggest
that sunburn itself is protective but rather that intense exposure to the sun is likely to be protective.

Substantial knowledge has been gained in the last decade of ways in which vitamin D acts to prevent initiation
and growth of tumours. Vitamin D induces cell differentiation, increases cell apoptosis, reduces metastasis and 
proliferation, and reduces angiogenesis [131-135]. In addition, vitamin D down-regulates parathyroid hormone
which has been linked to growth of cancer cells [136-138]. Much research effort has been put into finding patentable
analogues of vitamin D that have these beneficial actions and can be used at high pharmacological doses without
disrupting calcium metabolism.

The cost of cancer caused by vitamin D deficiency is immense. The total cost of cancer caused by insufficient 
sunlight and/or vitamin D in the USA, including time lost from work and care-providing, has been calculated as some 
$16 billion [139]. Mortality from breast cancer in the UK is 50% higher than in the USA and non-lung cancer mortality 
as a whole is 38% higher, while the population of the UK is 22% of that of the USA. With these figures in mind it can
be seen that the cost of cancer caused by insufficient sunlight and or vitamin D in the UK is likely to be of the 
order of several billion pounds sterling.

Psoriasis
Psoriasis is a common skin condition affecting about 2% of the population of the UK. People with the disease have
thickened inflamed skin which is uncomfortable and embarrassing. They commonly suffer from arthritis as well. The
condition improves dramatically with exposure of skin to natural or artificial UV light or treatment with creams 
containing chemical analogs of vitamin D [140, 141]. Greater exposure of the population as a whole to sunlight would
be expected to reduce the incidence of this disease. 

Infections
Vitamin D has a profound effect on the immune system and deficiency of vitamin D increases vulnerability to 
infection. Vitamin D deficiency increases the risk of tuberculosis [142, 143] and possibly increases the risk of 
shingles [144]. Shingles is the reactivation of infection with the varicella-zoster virus that causes chickenpox. The
reactivation occurs generally in old people whose immunity has declined and who are often deficient in 
vitamin D.

Patients with tuberculosis have lower vitamin D levels in blood than control subjects [145, 146]. Asian immigrants
to the UK have a high incidence of TB probably because they bring dormant infection with them. The dormant 
infection is then activated by deficiency of vitamin D caused by low exposure to sunlight in the UK compared with
their country of origin and low absorption of UV by dark skin [25, 142]. 

More cases of tuberculosis are notified in late spring or early summer than at other times of year in the UK 
whereas other respiratory diseases occur most frequently in winter with a peak of incidence in December to March
[147]. It appears that this seasonal pattern is largely the result of cases of TB among people who have migrated from
the Asian subcontinent, who are particularly subject to vitamin D deficiency in the UK, whereas the occurrence of
the disease among whites occurs more evenly throughout the year [148].

Mycobacterium tuberculosis, the bacterium that causes TB, is an intracellular pathogen that resides predomi-
nantly within white blood cells called macrophages. Macrophages possess an enzyme which enables them to change
the inactive form of vitamin D3 into the active form. Vitamin D also induces the transformation of other white cells
called monocytes into macrophages. It stimulates the production of lysosomal enzymes in macrophages so enhancing
phagocytosis [25]. These activities may all be presumed to be important in the defence against TB and other infections.

Historically tuberculosis was treated with sunlight in sanitoria built for the purpose, for example in mountain
areas where sunlight is more intense. The sanitoria had rooms arranged so that beds could be moved into the sun
[149]. In 1897 Niels Finsen, a Copenhagen doctor, published work describing how tuberculosis of the skin could be
cured by directly irradiating it with UV from a carbon-arc lamp which became known as the Finsen lamp. Finsen 
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obtained the Nobel prize for this work in 1903 and later it was shown that tuberculosis of the skin could be cured
by treatment with vitamin D itself [150].

Regrettably, the importance of sunlight for prevention of tuberculosis now seeems to have been forgotten.

Polycystic ovary disease, menstrual problems and fertility
About one in five women of child bearing age suffer from polycystic ovary disease which causes abnormal periods,
unwanted body hair and infertility*. Seven of 14 women treated with vitamin D and calcium by Dr Susan Thys-Ja-
cobs at St Lukes-Roosevelt Hospital, Columbia University, New York, recovered normal periods and two became 
pregnant [151]. Dr Thys-Jacobs has also found that women with pre-menstrual syndrome including migraines are 
likely to be deficient in vitamin D and to have reduced bone mass [152] putting them at risk of osteoporosis. She has
shown that premenstrual and menstrual symptoms may be alleviated by calcium or calcium plus vitamin D [153-155]. 

Increased exposure to sunlight may be expected to improve vitamin D levels in women generally and so do much
to prevent these conditions from developing. At the same time increased exposure to sunlight may be expected
to reduce the call for infertility treatment which is now very common. Women who suffer these symptoms may be
expected to improve with greater exposure to sunlight.

* Solomon, C. G., 1999, The epidemiology of polycystic ovary syndrome. Prevalence and associated disease risks. Endocrinol 
Metabol Clini, North America. 28, pp 247-63.

Crohn’s and other inflammatory bowel diseases 
People with Crohn’s or other inflammatory bowel disease generally have low vitamin D, even before any treatment
[156]. These diseases are more common in northern states of USA [157, 158]. Patients with these diseases often have
osteoporosis as well. Poor absorption of fat, a common complication of inflammatory bowel disease, may make it
difficult for people with these diseases to absorb vitamin D. Sunlight could be the best answer.

Bone disease: Rickets, osteomalacia, osteoporosis
Rickets, a serious bone disease of children caused by vitamin D deficiency, was thought to have been conquered in
the 1920s when vitamin D was discovered. In the 1930s margarine began to be supplemented with vitamin D and 
rickets ceased to be common in its grosser forms. But rickets has since reappeared in the UK and north America, 
particularly among children with dark skins. 

In the UK the problem is particularly serious in Asian children aged 8-14 [159]. Professors Brian Wharton and Nick
Bishop, writing in The Lancet [12], have identified three major reasons for the reappearance of the disease. They are:
1) promotion of exclusive breastfeeding for long periods without vitamin D supplementation, 2) reduced opportunity
for production of the vitamin in skin because of fear of skin cancer, 3) vitamin D deficiency in immigrants which 
occurs because dark skin takes longer to synthesise vitamin D and full clothing worn by some immigrant women blocks
out sunlight. 

Wharton and Bishop recognise that official advice to avoid strong sunlight can have serious adverse effects. They
say: “advice on prevention of skin cancer should also ensure that mothers and infants receive adequate solar 
radiation in summer”. Regrettably current advice on prevention of skin cancer in the UK fails to provide any useful
advice on vitamin D and ignores the special needs of people with dark or black skin.

Low levels of vitamin D in the body are associated with low absorption of calcium and increased bone turnover
leading on to osteoporosis or osteomalacia [160, 161]. Osteomalacia has emerged in the UK as a particular problem
in Asian immigrants. It emerges in a florid form during pregnancy when the future health of the foetus as well as the
mother is at risk [162]. But it has also emerged as a problem among elderly women in Scotland [163]. The decrease
in vitamin D in the blood that occurs during winter can lead to a transient loss of bone density in women [164]. This
shows that advice to reduce sun exposure in summer could also lead to reduction in bone density in women whose
vitamin D levels are marginal. More hip fractures occur in the US population in winter than in summer in both sex-
es [161]. Patients with hip fractures more often have blood levels of vitamin D lower than those of controls [165, 166].

The bone mineral content of children shortly after birth and nine years later has been shown to be related to
blood levels of vitamin D during late pregnancy [167, 168]. Dr Jonathan Tobias of Bristol University and Dr Cyrus 
Cooper of Southampton University have argued on the basis of such evidence that bone development of adults is 
programmed by early life factors which are influenced by sunlight exposure and use of vitamin D supplements in
pregnancy and early life [169].
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Several studies have found that supplementation of adults with vitamin D increases bone mineral density but
improvement may not occur if there is not enough calcium in the diet [25]. Two randomised controlled trials have
shown that supplementation with either 800iu vitamin D and 1200mg calcium per day, or one capsule of 100,000iu
vitamin D every four months for five years, will prevent fractures [170, 171]. The improvement shown in these trials
may be the result not just of strengthening bones but of reduction in muscle weakness and body sway which are a
contributory cause of falls (see section on muscle weakness, p17).

Osteoporosis cannot be dismissed as being in any sense a relatively trivial disease. It has a high morbidity and
mortality. Some 40% of women and 13% of men suffer fractures of the spine, hip or wrist that may be largely attributed
to osteoporosis. Between 10 and 20% of people die within six months of a hip fracture and 50% of those who have
suffered a hip fracture are unable to walk again without assistance. The annual cost of osteoporosis in the USA has
been estimated to be $5-10 billion with a similar pro rata cost in other developed countries [172]. In the UK the cost
of hip fractures alone has been put at £1.7 billion per year [173].

There is no scientific doubt that vitamin D deficiency is the cause of these bone diseases. The benefit from 
vitamin D in enabling growth of healthy bones is enough in itself to favour a public health policy that recommends
safe sunbathing.

An eminent panel of doctors and scientists concerned with bone disease called for a review of current UK 
public health programmes on sunlight as long ago as 1998. Their report, Nutrition and Bone Health, [39] recommended
that “the public health consequences of sunlight exposure should be reviewed to take account of both its 
beneficial and its adverse effects with a view to developing guidelines. The effect on vitamin D status of measures
taken to reduce the risk of skin cancer, such as encouraging covering up with clothes and applying cosmetic creams
which seek to prevent the UVR reaching the skin should be clarified.” 

This recommendation was never taken up and is now more urgent than ever.

Dental decay
The teeth are made from deposits of a dense calcium containing material. Since vitamin D is central to the body’s
control of calcium absorption and metabolism, it is not surprising to find that deficiency of vitamin D and sunlight
have a role in dental decay (caries). The formation of dentine (the solid material in teeth) begins in the last two months
of pregnancy and continues until eight or nine years of age, while the wisdom teeth (third molars) continue to form
during the following 10 years [12]. So exposure to sunlight during pregnancy and throughout childhood, together
with vitamin D in the diet or in supplements, may be expected to be important for the formation of strong teeth. 

The teeth are completed with the laying down of enamel, an insoluble calcium phosphate compound. Delayed
eruption of teeth and hypoplasia (faulty development) of the dental enamel are recognised signs of rickets [12]. 
Supplementation of mothers with vitamin D during pregnancy has been shown to prevent hypoplasia of the 
enamel in infants which may occur without other symptoms of rickets [174, 175]. Hypoplasia of the dental enamel
has been found to occur more frequently in low birthweight babies born in  winter or early spring months [176] which
is consistent with sunlight and vitamin D being important for sound development of teeth.

Enamel hypoplasia allows carious lesions to become established more easily making people vulnerable to 
other dietary factors which increase the risk of caries. The importance of calcium in the diet, vitamin D and 
sunlight for good development of teeth appears to have been generally overlooked. Emphasis has been given in 
public health campaigns to the effects of diet, fluoride, and tooth brushing in preventing tooth decay. Sunlight and
vitamin D supplements are also important and need to be recognised alongside these well known risk factors. 

The relationship between sunlight and prevalence of tooth decay was first established as early as 1939 in a study
of data obtained by the US Public Health Service. A very clear relationship was shown between prevalence of tooth
decay and hours of sunshine in an analysis of the teeth of white boys living in communities with less than 5,000 
people [177]. Boys living in the sunny southern states had an average of about three cavities each compared with
five cavities each for boys living in the least sunny northern states. 

Evidence for the importance of sunlight for healthy teeth in Britain comes from studies made by the British 
Association for the Study of Community Dentistry in the early 1990s [178]. These studies found a consistent
north/south variation in the prevalence of caries with more caries always in children from Scotland, the Northwest,
Wales and Mersey regions – areas with less average sunlight. The proportion of 12-year-old children with 
untreated dentinal caries was three times greater in Scotland than in the South West Thames region. 

The importance of vitamin D in preventing tooth loss in old people has been shown in a randomised, placebo
controlled trial [179]. Supplements of vitamin D (700iu) and calcium (500mg) were given to 145 people over 65 years
of age. Those taking supplements were found to have lost half as many teeth as those taking placebo when assessed
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18 months after the start of the trial. It appears that deficiency of vitamin D allows softening of the bone in the jaw
and loosening and consequent loss of teeth.

There can be little doubt that an adequate level of vitamin D is necessary for strong healthy teeth. This needs
to be taken into account in making public health policy.

Conclusion: vitamin D deficiency/insufficiency and chronic disease
The evidence reviewed in this section shows a strong association between vitamin D deficiency/insufficiency and
a wide spectrum of disease. It is suggested that these diseases are caused at least in part by D 
deficiency/insufficiency. The link between vitamin D and these diseases is new and naturally arouses scepticism among
those not familiar with the evidence. Nevertheless it seems extraordinary that such an important cause of so much 
disease could have been overlooked for so long. 

The link between vitamin D and disease is most obvious in the seasonal occurrence of certain diseases. 
However, until now seasonal virus infections have generally been preferred as an explanation of seasonal disease.
This is because until recently the important role of vitamin D in controlling development and metabolism of 30 or
more body tissues [180] was not understood and still remains largely overlooked outside a small circle of 
expertise. While north/south gradients occur for many of the diseases discussed here exceptions (which can 
often be explained) have prevented easy acceptance of explanations based on vitamin D deficiency. And so the link
between D deficiency and a wide spectrum of disease has remained largely unrecognised until recently. 

However, recent advances in biochemistry make it no longer surprising to find so many diseases linked to 
vitamin D insufficiency. Vitamin D not only controls absorption of calcium in the bowel but also controls access of
calcium to cells and regulates the action of a number of genes [25].

We cannot always explain why one individual suffers from one particular D deficiency/insuffiency disease while
another does not, although answers may be within sight for some diseases. In the case of breast cancer, for 
example, a diet high in calories (often leading to overweight), together with little exercise, encourages proliferation
of cells many of which may be poorly differentiated. Vitamin D promotes differentiation of cells and apoptosis of 
redundant cell lines. And so the combination of high calorie diet, relatively little exercise and insufficient vitamin
D increases the risk of redundant cell lines persisting in the breast where they may accumulate mutations that 
transform them into cancer cells. 

The risk of these diseases, as in the example of breast cancer, may be reduced by increasing individual or 
population levels of vitamin D. However other risk factors will continue to operate and so increasing vitamin D, while
reducing the risk, cannot be expected to eliminate these diseases. Best protection against disease will be obtained
by attention to diet and exercise as well as increasing vitamin D intake.

Increase in vitamin D levels may be achieved by sunbathing in summer and/or taking a vitamin D supplement.
The oral intake of vitamin D needed to maintain levels circulating in the blood in the absence of sun exposure may
be as high as 4,000iu/day [181]. Only a very small minority of people who eat oily fish everyday are likely to come
anywhere near such a high level of vitamin D without regular exposure to the sun.

UK government experts advise that vitamin D taken in the form of a supplement should not exceed 1000iu per
day [182]. Very little is obtained in the average diet and so the remaining intake that is needed to make 4,000iu or
thereabouts must be obtained by exposure to the sun. This is only likely to be possible in the UK if every opportunity
is taken to expose as much of the body as practicable to the sun in the middle of the day while taking care not to
burn (see detailed discussion in Part 1).
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Part 3: Risks and benefits of sunlight 

Melanoma
Melanoma is the most serious form of skin cancer. There are some 7,000 cases a year in the UK and about 
1750 deaths. Other types of skin cancer cause only a few hundred deaths annually, making altogether around 
2,000 deaths annually from skin cancer in the UK. Melanoma is some six times more common in northern tropi-
cal parts of Australia than in the colder southern parts [183]. These and similar observations have given rise to the 
widely held belief that melanoma is caused by sunlight.

However, there are real doubts about the way in which sun exposure causes melanoma [17]. Adults who 
work outdoors and children who play outdoors are regularly exposed to the sun and are less likely to develop
melanoma than those who work or play more indoors [184, 185]. While people who have irregular exposure to the
sun and those who recall being sunburnt have a higher risk of melanoma, especially if they have a fair skin type [186].
Occasional exposure of skin to sunlight appears to carry the greatest risk of melanoma, while regular exposure of
skin to sunlight appears to protect against melanoma, probably because it provides higher levels of vitamin D which
are protective against cancer in general.

Furthermore, melanomas occur most commonly on the backs of men and the upper legs of women, areas 
which do not get so much exposure to the sun as face or hands [187]. In people under 50 melanoma is most 
frequent on sites which are exposed irregularly to the sun [188]. In black people melanomas occur predominant-
ly on the lower legs and commonly on the sole of the foot, an area which gets virtually no sun at all [189]. 
This evidence shows that the relationship between melanoma and sunlight is not simple.

It is widely accepted that as many as two-thirds of melanomas are caused by excessive exposure to the 
sun [190]. However, other methods of analysis challenge this figure. A person who has had melanoma may 
develop a second primary melanoma which occurs completely independently of the first tumour. Analysis of data
on second primary melanomas has enabled the importance of risk factors such as sun exposure, skin and eye colour,
and skin type to be calculated. Using this method it has been found that these known risk factors account for only
about 23% of variation of melanoma risk [191]. Since skin type is a very important variable it leaves sun 
exposure accounting for perhaps 10-15% of the overall risk of melanoma according to this method. 

Other risk factors that increase the risk of melanoma include increased body weight (obesity), lack of 
exercise [192], and diet [193]. Indeed the steady increase in incidence of melanoma over the last 10 to 20 years 
(24% increase in the last five years) parallels the increase in other cancers such as breast, colorectal, prostate, 
testis, leukaemia and lymphoma [194]. 

The increase in obesity and decrease in regular exercise in the UK over this period may account for the increase
in melanoma [195, 196]. Much of this epidemic of obesity appears to be the result of increased consumption of
fast foods and snacks with a high energy density [197] and these should be identified as a likely cause of
melanoma.

These considerations are enough to explain why the SunSmart programme has not been successful in 
reducing deaths from melanoma in the UK where the average intensity of sunlight is much less than in Australia. 
Indeed it is possible that reduction of exposure to the sun in the UK actually increases the incidence of melanoma
rather than decreases it, and that regular careful exposure of skin to the sun in the UK would actually reduce the
incidence of melanoma. The evidence certainly does not provide adequate support for a policy favouring 
reduction of sun exposure.

The risk of a person suffering from melanoma is about 10 in 100,000 which is described as ‘very low’ in 
Professor Sir Kenneth Calman’s ‘language of risk’ [17]. Only part of this very low risk, perhaps 10-15%, 
may be attributable to sunlight. So the risk of contracting melanoma as a result of exposure to sunlight could be
as low as one in a 100,000. So even the most forceful campaign advocating sun avoidance could be expected to
prevent only a few hundred deaths [198]. 

For practical purposes the risk of death from any kind of skin cancer caused by exposure to sunlight is negli-
gible when compared with the high risk of other diseases of many different types which are caused, at least in part,
by D deficiency.
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Non-melanoma skin cancer
More than 60,000 cases of non-melanoma skin cancer occur every year in the UK. In the vast majority of cases the
lesions are removed without problems as a simple out-patient procedure. 

But problems associated with these cancers should not be underestimated. These cancers cause a few hundred
deaths each year in the UK. In a relatively small proportion of people the lesions are in an awkward position that
requires delicate surgery or the lesion may be extensive and require a more difficult procedure. Some of these 
cancers require surgery which leaves a disfiguring scar or causes disfiguring removal of tissue. 

Basal cell carcinoma, which generally grows quite slowly, is the most common type of non-melanoma skin 
cancer. Squamous cell carcinoma which can spread to other parts of the body if untreated is the second commonest
type. Both types occur most commonly in old people. Regular exposure to sunlight during work outdoors is a risk
factor for squamous cell carcinoma but probably not for basal cell carcinoma. While squamous cell carcinoma is
clearly caused by sun exposure the relationship between basal cell carcinoma and sunlight, like that of melanoma,
is more complicated.

Basal cell carcinoma had an incidence of 114 per 100,000 population in South Wales in 1998 compared with 726
per 100,000 in Australia, suggesting an association with sunlight. In the United States it has recently increased in 
incidence at a rate of 10% a year. Exposure to sunlight is widely accepted to be a cause of basal cell carcinoma but
it does not explain why particular people get these tumours and others do not, or the fact that these tumours 
often occur on the body in clusters, and are found mainly on the trunk rather than on areas such as the head that
are exposed for longer periods [199]. 

Diet appears to have an important effect on susceptibility to skin cancer and actinic keratosis, a form of skin 
aging [200, 201] that may lead on to squamous cell carcinoma. A trial at Baylor College of Medicine in Houston, Texas,
has shown that a low fat diet can reduce recurrence of skin cancer and actinic keratosis over a period of two years.
Patients who had suffered skin cancer (basal cell or squamous cell carcinoma) were randomised to one of two groups
at the beginning of the study. One group continued with their normal diet which contained 36% fat. The second group
were given dietary advice and reduced fat to under 21%, while also losing 2-4kgs of body weight. The number of skin
cancers in the diet group declined from eight to one over 16 months of the study compared with a steady six in the
first eight months and six in the second eight months for the control group. The reduced risk of skin cancer (both
basal cell and squamous cell) in the diet group may be the result of loss of body weight or the change to a low fat
diet. 

Other types of study have produced equivocal results. The view that excess energy consumption is a cause of
basal cell carcinoma is supported by a cohort study of 73,366 women in the Nurses’ Health Study [202]. But the Health
Professionals Follow-up Study of some 43,000 men has failed to confirm a link between basal cell cancer and fat
consumption [203].

Nevertheless the randomised studies suggest that there is an effect of diet on recurrence of skin cancer, and that
much more is involved in the initiation of these cancers than simply exposure to the sun. It may be that 
only certain people who have a relatively rich diet, those who are relatively overweight, or, have a high calorie 
consumption compared with energy output, are at high risk of developing these skin cancers. More research is 
needed in this area but it is a mistake to assume that sunlight is necessarily the most important risk factor for these
two cancers.

Risks to children and young people
Current skin cancer prevention programmes warn of a special risk to children and young people from 
exposure to the sun. Official literature asserts that exposure to the sun in childhood may disproportionately increase
the risk of skin cancer many years later [204, 205]. In fact this idea is controversial and has been challenged by 
several authors. 

Whiteman et al [206] undertook a systematic review of the literature and found that the way in which sun 
exposure was measured made a striking difference to the association between melanoma and age at which 
exposure occurred. Case/control studies produced no consistent associations between melanoma 
and childhood sun exposure. On the other hand ecological studies (which measure sunlight exposure of geographical
areas rather than of individuals) did show a relationship between early exposure and melanoma risk. However it is
unwise to come to firm conclusions when these two types of study produce widely differing results.

A recent study of 603 melanoma cases and 627 controls in seven European countries concludes 
that there is no evidence for a critical period of high susceptibility in childhood when solar radiation is more 
likely to induce melanoma [207]. The study concluded that more than five different sunburns doubled the risk of
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melanoma regardless of their timing in life. Another study has found that outdoor activities in childhood are associated
with a lower risk of melanoma [185].

Basal cell carcinoma has also been reported to be more common after sunburn in childhood [208, 209] but the
research findings are not clear. One study found that living in a region of high solar radiation in childhood does not
increase risk of basal cell carcinoma whereas living in such a region as an adult does increase the risk [210]. 
This study found that risk of basal cell carcinoma was proportional to lifetime accumulation of blistering sunburns
[210]. Other studies have found no clear link between sunburn in adulthood and basal cell carcinoma [209]. 
On the other hand an Italian study found that an average summer holiday exposure of eight weeks per year 
throughout childhood increased the risk of basal cell carcinoma almost fivefold [208]. The research results are 
conflicting and so it is by no means certain that childhood and adolescence are critical periods for this cancer.

A skin cancer policy for children and young people
Summarising the scientific evidence reviewed above: sunburn or sunlight exposure in childhood may 
possibly increase the risk of basal cell carcinoma, the commonest form of skin cancer, but this is not firmly 
established. On the other hand sunburn/sunlight exposure in childhood does not seem to increase the risk of the
most serious form of skin cancer, melanoma. Relevant evidence appears to be lacking for the third type of skin 
cancer, squamous cell carcinoma.

Children should obviously be protected against sunburn but they also need exposure to the sun so that they can
synthesise vitamin D. This may mean accepting an uncertain risk of causing basal cell carcinoma in later life. 
The vast majority of basal cell carcinomas are readily treated and so the risk of serious consequences is small. This
small, and possibly non-existent, risk may be further reduced by avoiding sunburn. 

In conclusion, children can safely be allowed to run about in strong sun wearing brief clothing without suncreams
for limited periods of time, so long as care is taken to avoid burning. This will enable children to benefit from 
vitamin D production in the skin. Suncreams cannot be relied upon to prevent cancer (see discussion in Part 4, 
section 8), so burning is best avoided by encouraging children to seek the shade after a suitable time in the sun. 
Time that may safely be spent in the sun depends upon skin type, previous exposure to the sun, time of day, 
season (early, middle or late summer), latitude, and whether or not the sky is at all overcast. Suncreams can be used
when extended exposure cannot easily be avoided e.g. when playing sports.

Skin wrinkling and aging
Warnings that exposure to the sun may cause wrinkling and aging of skin are frequently made at the same 
time as warnings about skin cancer. Although sunlight can cause wrinkling this does not seem to be common in 
the UK. 

Studies in Japan have found that the average 40-year-old woman from Kagoshima (32ºN) in the south of the 
country has facial wrinkling equivalent to that of a 48-year-old woman living further north in Akita (40ºN) [211], 
suggesting that sunlight induces wrinkles. However, a study of 792 people over 60 in South Glamorgan, UK, found
no association between sun exposure and wrinkling of skin on the face, neck or back of the hand [212]. This is 
probably because the average person in Glamorgan gets relatively little intense exposure to the sun compared with 
people in Japan. Glamorgan is located at latitude 51ºN, a great deal further north than either of the Japanese 
locations. 

On the other hand, daily cigarette smoking has been found to be closely associated with the development of
wrinkles in people in Glamorgan, as in other parts of the world. Smoking 20 cigarettes a day in Glamorgan increased
wrinkles sufficient to give a person the appearance of someone 10 years older. Strangely, people with wrinkles have
been found to be less likely to develop basal cell carcinoma, one of the common types of skin cancer, showing that
other factors, and not just sunlight, must be involved in these skin changes [213]. Another study has found that a diet
with a high intake of vegetables, legumes (beans and peas), olive oil, apples, prunes or tea is associated with fewer
wrinkles [214].

In summary, sun exposure is only one factor influencing wrinkling of skin and not necessarily the most 
important one. In the UK sunlight does not seem to be a significant cause of wrinkling for most people. Neverthe-
less regular sunbathing in the UK could cause wrinkling. A healthy ‘five a day’ fruit and vegetable diet 
recommended for prevention of cancer and heart disease may reduce or prevent wrinkling.

While wrinkling is obviously undesirable it seems a small, perhaps even insignificant risk to take, in return for the
benefits of increased vitamin D levels that follow from sunbathing. Anyone choosing to avoid sun exposure for fear
of wrinkling should take a vitamin D supplement all year round.
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Cost of disease caused by vitamin D deficiency 
The large number of chronic diseases caused at least in part by vitamin D deficiency make a formal estimate of the
total cost very difficult to make. Nevertheless the cost of vitamin D deficiency diseases in the UK or USA has been
put at billions of pounds or dollars per year [215]. 

There is no doubt that the cost of disease caused by D deficiency is much greater than the cost of disease caused
by excessive exposure to sunlight. This is clear from the fact that the 2,000 deaths per year from skin cancer in the
UK are a tenth of the deaths from other types of cancer that are attributable to D-deficiency [139, 216]. Sunlight is
our primary source of vitamin D. So it must be concluded that any public health policy regarding sunlight should
favour exposure to sunlight rather than avoidance of it. This conclusion is reinforced when it is considered that a
substantial proportion of skin cancer deaths are not caused by sunlight and that many other chronic diseases apart
from cancer are caused at least in part by D deficiency.

The two examples below illustrate the immense cost of disease caused by D deficiency in the UK.

Cost: Diabetes
Approximately 1.3 million people in England have been diagnosed as having diabetes and about 85% of these have
diabetes type 2. Another one million people probably have undiagnosed diabetes type 2 which must seriously 
affect their lives and reduce their capacity to work. The total cost to the National Health Service of diabetes types
1 and 2 is £1.3 billion annually but the cost to society as a whole is much larger. 

These facts about the incidence and costs of diabetes are given as an example in the government’s consultation
exercise on improving people’s health [217]. According to this government analysis, obesity and physical inactivity
together cause some 60% of diabetes type 2. Onset of the disease can be delayed and possibly prevented by 
modifying lifestyle to reduce obesity and physical inactivity. Vitamin D deficiency is another risk factor which may
delay and prevent onset of diabetes 1 or 2 although it is not considered in the government analysis. 

The financial saving that could be obtained in preventing or ameliorating diabetes type 2 by increased exposure
to sunlight or increased consumption of vitamin D supplements can not be determined at present. But advice to
increase exposure to the sun can be expected to be popular, easy to implement at little expense, and have 
multiple health benefits. 

Some 200,000 people in the UK suffer from diabetes type 1 which probably costs about £500 million a year to
treat – more per head than type 2 diabetes because people with type 1 always require insulin, live longer with the
disease, and require more treatment of all kinds [218]. It is possible that the disease might be largely prevented if 
mothers and babies had higher vitamin D levels. Advice to pregnant and nursing mothers to sunbathe and take 
supplements might thus make a substantial improvement in the nation’s health.

Vitamin D supplements are not expensive and are easily distributed through mother and baby clinics [10]. 
How much illness might be prevented and how much money saved will depend on efficiency in distributing the 
supplements and in communicating the advice. It will also depend on the efficacy of the preventive measures. At
present none of these are known and so an estimate of savings cannot be made although potentially they are very
substantial.

Cost: Falls
Falls are a major cause of disability and mortality in the UK. One third to one half of people aged over 65 fall each
year resulting in more than 400,000 attendances at accident and emergency departments [42]. Hip fractures alone
cost £1.7 billion per annum in England [173]. Each year some 14,000 people die as a direct result of hip fracture and
50 per cent of those who suffer hip fracture can no longer live independently afterwards. The cost of dealing with
all fractures and other consequences of falls in the whole of the UK must exceed £2 billion. 

Government reports have looked for urgent solutions to the problem [42, 219] but the role of vitamin D in 
causing muscle weakness leading to falls has not been considered as a cause of the problem despite being well 
recognised in the scientific medical literature. The Department of Health report, ‘Preventing Accidental Injury – Priorities
for Action,’ refers to the need for prevention and treatment of osteoporosis but makes no reference to vitamin D 
deficiency as a cause of falls. A substantial reduction in falls and consequent fractures could be expected if 
vitamin D and calcium supplements were provided to old people and careful sunbathing was encouraged. 
Immediate savings on treatment of falls cannot be determined from presently available information but could run
to many millions of pounds annually.
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Part 4: Review of public health policy on
sunlight in the UK

The SunSmart campaign
SunSmart is described as the UK’s skin cancer awareness campaign but it was originally designed for Australia [5] which
has considerably greater intensity of sunlight than the UK and a much higher incidence of skin cancer. The 
government’s NHS sun-safety programme ‘Sun Safety for Children’ [220, 221] seems to be based on the same precepts. 

A comparison of sun exposure in England and Australia [222] using UV-sensitive film badges found that Australian
children in Queensland were exposed on average to twice as much sun as English children. The English children rarely
received enough sun to cause any reddening of the skin whereas children in Queensland received enough sunlight
to cause reddening in one out of three days. These observations suggest that a sunlight programme designed for
Australia is likely to be unsuitable as a model for the UK. They also show that reddening of the skin, a preliminary
to sunburn, is relatively rare in English children in England.

A comparison of latitudes of Australia and the UK also shows that a direct transfer of sun policy from Australia
to the UK cannot be wise. London has a latitude of 51ºN, Birmingham 52ºN and Aberdeen 57ºN whereas Sydney lies
at 34ºS and Melbourne at 35ºS while Brisbane lies just outside the Tropic of Capricorn on the edge of the Coral sea.
Furthermore the southern hemisphere is closer to the sun during the summer than is the northern hemisphere 
during its summer. And so most of Australia has a climate similar to North Africa. Only Tasmania has a climate that
might be called temperate and approaching that of Europe.

Key quotes from the SunSmart UK website [223] are shown in the box below. These quotes are followed with
an item by item criticism of the SunSmart message. References supporting comments made here will be found in
previous sections of this document:

“Stay in the shade 11-3pm - the sun is most dangerous in the middle of the day – find shade 
under umbrellas, trees, canopies, indoors”

“Always cover up – sunscreen is not enough – wear a t-shirt, wide brimmed hat and 
wraparound sunglasses (eyes get sun-damaged too)”

“Remember to take extra care with children – young skin is 
delicate – keep babies out of the sun completely”

“Then use factor 15+ suncream – apply sunscreen 15-30 minutes before you go 
outside – it does not work immediately”

Quotes from the SunSmart UK website 

1) ‘Covering up’ risks D deficiency
The SunSmart campaign advises covering up with 15+ factor sunscreen, wearing a shirt, wide brimmed hat and 
seeking the shade. Most people in the British Isles have low or marginal levels of vitamin D in summer and low or 
deficient levels of vitamin D in winter. Telling people to cover up and, in effect, avoid the sun can only make their
level of vitamin D lower and increase the risk of cancer and other diseases. Anybody implementing these 
draconian instructions in the UK puts themselves at serious risk of vitamin D deficiency and consequent disease. 

2) Regular sunbathing needed for optimum health
The SunSmart campaign fails to explain that regular sun exposure is needed in summer in the British Isles so that
vitamin D stores may be replenished after the winter. Vitamin D levels in people living in the British Isles are 
generally low and sun exposure is of vital importance to maintain these levels. Some 80-90% of our vitamin D comes
from the sun. 

Exposure of the naked body to the sun for 20 minutes (10 minutes each side) at midday in midsummer in the UK
will provide maximum vitamin D synthesis. Less time should be spent in the sun if there is any baking or burning 
sensation. People with very fair skins may be able to tolerate only five minutes (or less on first exposure) in the 
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midday sun in the UK. Nevertheless such brief exposure is important for them and will generate a substantial amount
of vitamin D. Under optimum conditions longer than 20 minutes exposure will not produce any more vitamin D. 

In fact optimum conditions for vitamin D synthesis are seldom achieved in the UK because of cloud cover. To
obtain good exposure of the skin to UV light and obtain good vitamin D synthesis (while taking care to avoid any
baking or burning sensation) longer than half an hour will often need to be spent in the sun in the UK. These facts
should be addressed in a public health programme concerned with sunlight.

3) If cover-up is unavoidable take a D supplement
The SunSmart campaign does not make it clear that avoidance of exposure to the sun may have serious health 
consequences if a vitamin D supplement is not taken. Some individuals who have an increased risk of melanoma 
because they have an unusually high number of melanocytic naevi (moles) on their skin may be given such advice
by a doctor [224]. Advice to curtail sun exposure should always be accompanied by additional advice to take an 
appropriate dose of vitamin D (at least 1000iu/day) year round. 

Individuals with fair skin and a tendency to sunburn may also be at increased risk of melanoma [225] but the 
reasons for this are not clear. Fair-skinned people often avoid the sun and so may be more prone to vitamin D 
deficiency and to cancer. It is not clear at present that they should necessarily be advised to avoid the sun rather
than to be specially careful to avoid burning. But any advice to avoid or seriously curtail sun exposure should be 
accompanied by advice to take a vitamin D supplement year round.

4) Englishmen should go out in the midday sun.
In the words of the Noel Coward song: “Mad dogs and Englishmen go out in the midday sun”. There is a reason for
this madness. The English sun, even at midday, is often rather weak. Yet the SunSmart campaign advises: “Stay in the
shade between 11am and 3pm – the sun is most dangerous in the middle of the day”. 

It is true that the sun will take a shorter time to inflict a burn between 11am and 3pm (two hours each side of 
solar noon) but this is also the time when exposure of the skin to the sun produces most vitamin D. Exposure only
at ‘off-peak’ times may not provide enough vitamin D in the UK. Responsible advice should make it clear that the
skin may be exposed to advantage for short periods in the middle of the day to obtain good synthesis of vitamin
D while care must always be taken not to bake or burn. Extra care must be taken if sunbathing around midday in 
midsummer in England when the sky is clear of cloud, and special care must also be taken when abroad in more
southerly countries. The lunch break, around midday, is a time when many people are able to sunbathe for a short
time and it is folly to discourage this.

5) Autumn and spring in the British Isles 
Synthesis of vitamin D in autumn and spring are particularly important to prevent vitamin D in the body remaining
at a critically low level for a long winter period. Several diseases including schizophrenia, multiple sclerosis, and 
diabetes type 1 have been linked with deficiency of vitamin D in babies born in winter or spring (see Part 2). This should
be taken into consideration in a responsible sun for health policy.

In England sunlight (measured as UV irradiance) is relatively weak in early spring (March and April) and autumn
(September and October) [39]. In Scotland (and probably the north of England although figures are not available)
sunlight is relatively weak in every month except June [39]. At these times of year the best, or only, time of day to
obtain good exposure of skin to sun and satisfactory synthesis of vitamin D is midday. The instruction given by 
SunSmart to avoid exposure of the skin at midday fails to take into consideration seasonal changes in intensity of
sunlight at midday.

6) People with dark skins 
The SunSmart campaign provides no information for people with darker skins, probably because it is based on the
Australian programme and there are few people in Australia with really dark skins other than aborigines. People with
dark skins need to spend up to six times longer in the sun to obtain the same amount of vitamin D as a white 
person [226]. People with dark skins living in the UK need to take every opportunity possible to expose their skin
to the sun if they are to obtain a reasonable level of vitamin D. They should be advised to do this while taking care
not to bake or burn. The immigrant population of Britain is at greater risk of diseases such as rickets, schizophrenia,
diabetes and multiple sclerosis which are caused at least in part by D deficiency and this should be taken into 
account in any public health programme.
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7) Babies need sunlight or vitamin D supplements
The SunSmart campaign advises: “Young skin is delicate – keep babies out of the sun completely”. This advice is like-
ly to cause serious D-deficiency or insufficiency in breast fed babies because breast milk generally contains little
vitamin D and few mothers give their babies vitamin D supplements. Bottle milk is supplemented with vitamin D
and so bottle fed babies may probably be safely kept out of the sun. Complete avoidance of the sun, as recommended
by SunSmart, is also likely to cause serious D-deficiency in toddlers, often called babies in common parlance, 
unless they continue to drink a substantial quantity of artificial milk supplemented with vitamin D. D-deficiency in
early life is now being linked to several chronic diseases which may emerge in subsequent years including 
schizophrenia, multiple sclerosis and diabetes type 1 (see above). Urgent consideration needs to be given to 
finding the best advice for mothers and babies.

8) Sunscreens and SunSmart
SunSmart recommends covering up with sunscreen as a normal routine. But benefits of sunscreens are not
scientifically established. While sunscreens protect against burning, they do not adequately protect against the
whole of the UV spectrum and may encourage people to spend longer in the sun and so increase the risk of skin
cancer [227, 228]. So sunscreens should not be endorsed for everyday use by all people in Britain. 

Furthermore, sunscreens block synthesis of vitamin D with the result that chronic users have lower levels of vi-
tamin D in blood [229] which the majority of people in the UK can ill afford. People who use sunscreens regularly
have been found to have half as much vitamin D in their blood as people who do not use sunscreens [229]. Sunscreens
are now included in many cosmetic preparations used on the face further blocking the possibility of casual vitamin
D synthesis. Women who use these cosmetics put themselves in danger of severe vitamin D deficiency and ill health
unless they take vitamin D supplements or expose other parts of the body to the sun regularly. A public health 
policy on sunlight should advise against use of such cosmetics in the UK because opportunities for exposure to the
sun are so limited here.

Professor Brian Diffey has questioned the wisdom of regular use of sunscreen creams in the UK [228]. He wrote:
“while regular sunscreen application can prevent the development of cutaneous dysplasias in sunny countries like
Australia without compromising vitamin D levels, daily use of skin products containing UV filters in the UK, which
is not known for its sunny climate, is unnecessary and may be potentially harmful.” 

The SunSmart campaign suggests that sunscreen should be applied 15-30 minutes before going outside. This 
advice is completely unsuited to the British climate. More appropriate advice for the British Isles would be to 
expose the body to full sun (so long as there is no baking or burning) for up to half an hour before applying any 
suncream. In the British Isles the sun often comes and goes behind fast moving clouds and under these circumstances
a person may need to be fully exposed to the sun without sunscreen for an hour or more to get optimum vitamin
D synthesis.

Sunscreens do protect against burning and so are useful when excessive exposure cannot be avoided and a 
suitable hat is not entirely effective or cannot be used, for example, when involved in sports such as skiing, sailing,
tennis etc. But covering up or seeking shade is generally preferable to sunscreen.

The Consensus Statement by The UK Skin Cancer Prevention Working Party

“There is no such thing as a healthy tan. A tan is a sign that already damaged skin is trying to protect itself
from further damage. The protecting power of a tan is weaker than that of a mild sunscreen of SPF2-4.” 

from the Consensus Statement of The UK Skin Cancer Prevention Working Party

Government policy on sunlight is based on the UK Consensus Statement on skin cancer [4]. This Consensus 
Statement has the backing of the British Association of Dermatologists, the Department of Health and some 14 
other organisations including the major cancer charities. The Working Party co-ordinates Sun Awareness Week each
year at the beginning of June when the SunSmart campaign issues advice to all media emphasising sun avoidance.
The Consensus Statement was agreed 10 years ago in 1994 when it reflected current thinking of dermatologists [230].
Since it was written much new evidence on the importance of vitamin D for many other body systems and for 
prevention of chronic disease has emerged (reviewed above in Part 2). 

The Consensus Statement contains several errors and makes omissions when judged by the knowledge we have
today. These errors and omissions have been discussed above in relation to the SunSmart campaign. The 
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Consensus Statement also makes a much quoted, but misleading, claim suggesting that tanning is dangerous. It says:
“There is no such thing as a healthy tan”. This mantra has been repeated year after year as part of the campaign to
prevent skin cancer even though it was considered “debatable” by at least one of those responsible for the Consensus
Statement [230]. Constant repetition of the assertion that tanning is unhealthy has given it some spurious 
authority although there is no more evidence today than there was 10 years ago that tanning is in any way bad for
health. 

Experts in vitamin D and health, both here and in the United States, who have been consulted have been unable
to provide any epidemiological evidence suggesting that tanning is a direct risk for disease or even that it is a 
marker indicating a high risk of disease. A search of Pub Med, the database of scientific medical literature held by
the US National Library of Medicine, has been unable to find any research articles linking tanning with ill health. 

The only relevant evidence that can be found suggests that tanning is associated with beneficial effects on health.
A deep tan, particularly in childhood and the adolescent years, has actually been found to be associated with 
protection against melanoma [186, 231], while sunburn in childhood is associated with a reduced risk of prostate 
cancer [130] and multiple sclerosis [57] later in life. People who develop non-melanoma skin cancers actually have
a reduced risk of multiple sclerosis [59]. Tanning, sunburn and non-melanoma skin cancer are all indications of 
intense exposure to the sun. The finding that such exposure protects against several diseases is entirely consistent
with what is known about vitamin D deficiency causing these diseases. 

Sunburn should be avoided for obvious reasons but there is no good reason to avoid tanning. On the contrary
intense exposure to the sun sufficient to produce a tan is likely to provide lasting benefit as shown by the studies
quoted above. A small risk of non-melanoma skin cancer, which is generally a self-limiting and easily treated 
disease, should be accepted since it is associated with a reduced risk of much more serious disease. 

The lay perception that a good tan is a sign of good health has been severely criticised by those who promote
sun avoidance. In fact, scientific evidence suggests that the lay perception is correct and the public has been ill-served
by the sophistry involved in suggesting that a tan is unhealthy. The phrase “there is no such thing as a healthy tan”
is no more than a clever slogan devised by propagandists to discourage people from seeking sun exposure. Controlled
exposure to the sun is beneficial and a tan, which provides some protection against sunburn, will naturally be 
acquired in the course of such exposure. It is quite wrong to make people anxious about a tan when there is no sound
basis for doing so. 

The NHS leaflet ‘SunSafety for Children’
This leaflet [221] and supporting material sent out to schools [220] has the same faults as the SunSmart programme.
It says nothing about the need to expose the body to the sun in order to obtain vitamin D which is essential for healthy
bones and for preventing disease.  It says that children should wear a hat whenever outdoors which is quite 
unnecessary in the British Isles except for particularly fair-skinned children around midday in midsummer if the sky
is clear. It advises playing in shaded areas between 11am and 3pm and use of a sunscreen when exposure is unavoidable.
These measures will induce vitamin D deficiency/insufficiency in any child and particularly in children with 
darker skins. The advice is dangerous and should be withdrawn as soon as possible.

The chief medical officer’s ‘sixth tip’ for better health

“Protect yourself from the sun – cover up, keep in the shade, never burn and use factor 15 plus sunscreen.
Take extra care to protect children.”

Sixth tip for healthy living offered by the chief medical officer as part of the public consultation on health [217]

The chief medical officer’s advice appears to suggest that exposure to sunlight should always be avoided. While
such advice might be appropriate for tropical regions of Australia it is totally unsuited to Great Britain as evidence
accumulated in this report shows. The British Isles are so far north that our summers are very short, and even 
summer sun is often severely restricted by cloud. Therefore advice should be focused on telling the public to take
every advantage of the sun in order to remedy the almost universal insufficiency of vitamin D in the UK population. 

Appropriate advice from the chief medical officer would be to expose the body as often as possible while 
taking care to do so safely. It remains to suggest how the chief medical officer’s health tip may be re-drafted so that
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the public is best advised on how to benefit from the sun with the minimum of risk. A possible form of words is:
“Take every opportunity to sunbathe wearing as few clothes as possible for up to half an hour or more per day de-
pending on skin type, previous exposure and time of day. But take care – sensitive skin may burn after only a few min-
utes. Be ready to cover up or seek the shade to avoid baking or burning. Encourage children to undress in the sun but
take care that they do not burn.” 

Advice of this kind could do much to increase levels of vitamin D in the population with a consequent 
reduction of the burden of D-deficiency disease, while at the same time doing all that is possible to reduce the risk
of skin cancer. The redrafted tip may be more effective in preventing melanoma for two reasons: 1) it will 
encourage people to sunbathe regularly which will raise their vitamin D level so providing protection against
melanoma. 2) advice to sunbathe will be better accepted than advice to cover up and so the advice to avoid 
burning (which seems to be associated with melanoma) may be better received. 

A survey of UK students found that most emphasised the positive benefits of sun exposure, enjoyed sunbathing
and did not intend to change this behaviour [232] showing that they are more likely to respond positively to a 
message that encourages sunbathing. The chief medical officer’s advice to use sunscreens would be better 
avoided for the reasons already given (p29). 
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Part 5: A note on methodology
Information for this report has been gathered from many sources. Pub Med, the National Library of Medicine’s 
database, has been searched with hundreds of questions looking for keywords in titles and abstracts of papers. 
Keywords chosen have included sun, sunlight, light, ultra-violet, season, vitamin D, altitude, latitude, geography,
parathyroid, fish, calcium, birth month, month of birth, migrant, immigrant etc. These words have been used on their
own or in combination with various diseases known or suspected to be linked with vitamin D deficiency. 

The aim has generally been to use open-ended searches. Narrowly defined searches have on the whole been 
avoided because they exclude unexpected ideas and observations and so may provide unwarranted support for 
pre-existing concepts. Searches have looked for papers going back at least 10 years. As I accumulated more 
information I traced the literature back further and developed contacts with many researchers in the various fields
who have very kindly supplied me with help of all kinds including useful comments and copies of papers. 

The searches began with an interest in schizophrenia and season and have been continued over a period of three
years. I started with the very well-established observation, many times repeated, that schizophrenic people are more
likely to be born in winter or spring. It seemed possible that this observation might give an alternative view of 
causes of schizophrenia to that provided by those primarily concerned with genetics of the disease. I studied 
other diseases with a similar seasonal pattern of births on the grounds that these diseases might have a common
cause with schizophrenia. I also studied other seasonal disease patterns. 

Explanations of the seasonal occurrence of these diseases have in the past mostly centred on seasonal viral 
disease. However, despite very strenuous research efforts these diseases have not been consistently linked to virus
epidemics. I have reviewed this evidence but have not attempted to summarise it here because it is beyond the scope
of this work. Much of the work on seasonal occurrence of disease made no mention of vitamin D even as a hypothesis
because the effects of vitamin D were believed by most scientists to be limited to bone formation.

At first I thought that folic acid deficiency might explain the seasonal births of schizophrenics because folic acid
deficiency is known to affect the nervous system and the amount of folic acid in the diet varies with season. 
However, I was unable to find any evidence to support this idea although it remains a theoretical possibility. 
Vitamin D deficiency/insufficiency was another possibility. As I began to look into it I found a trail of information
linking D-deficiency to several chronic diseases several of which had a seasonal pattern of some kind. 

Variation in the amount of vitamin D synthesised in the skin depends on the amount of ultra-violet radiation 
penetrating the skin which in turn depends on latitude, climate, season, altitude, skin colour, and length of expo-
sure. While the amount of vitamin D in the diet varies most notably with consumption of fish. Searches were made
for links between these variables and the diseases under study. I was then able to find from the literature whether
incidence of disease (or other variables such as prevalence or mortality) consistently increased with various surrogate
measures of UV radiation or vitamin D “intake” such as latitude, altitude, skin colour, city or rural residence, air 
pollution (filters out UV), or diet. With very few exceptions incidence (or other measures) of the chronic diseases
under study increased with decreased exposure to UV radiation or lesser amounts of fish in the diet. 

There were exceptions, most notably between skin colour and one or two diseases and between latitude and
incidence of disease considered at the country level. Probable explanations of such exceptions can be found in 
cultural differences between black and white people leading, for example, to lower average birth weight of black
babies in the United States[233], or in differences of fish consumption, for example between Iceland, Norway and
other countries. The exceptions could generally be explained by the fundamental hypothesis (that D-deficiency 
causes the disease in question) without difficulty – a reassuring test that the hypothesis is likely to be correct. So
the overall consistency of these findings using different surrogate measures of D ‘intake’ suggests a robust 
association between vitamin D deficiency and a number of chronic diseases. 

The power of the vitamin D hypothesis to explain facts and the strength of the association between vitamin D
and chronic disease makes it difficult to think of D deficiency as other than causative of these chronic diseases. 
However, D-deficiency is not likely to be a unique cause of these diseases. Generally D deficiency may be 
expected to act in concert with other significant risk factors. 

In reviewing the literature Sir Austin Bradford Hill’s criteria of causation have been born in mind [234]. As well
as consistency, these include: strength, specificity, temporality, biological gradient, plausibility, coherence and 
experiment. All these criteria with the exception of specificity are fulfilled in various ways for many of the 
chronic diseases considered. 

Hill warns against over-emphasising the criterion of specificity. Often specificity is absent as in the large 
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number of diseases caused by smoking, or, in the example given by Hill: milk may act as a carrier of some eight 
different infectious diseases. So the association between vitamin D levels (or its surrogates) and two dozen or more
different chronic diseases is not a reason in itself to reject the hypothesis of causation. Indeed from what is now
known about the presence of vitamin D receptors in some 30 or more different tissues of the body a wide 
spectrum of disease might be predicted to occur as a result of vitamin D deficiency/insufficiency [25, 180]. Why an
individual may suffer one particular disease caused by vitamin D deficiency/insufficiency and not others is presumably
determined by their experience of infections, heredity, and their lifestyle, particularly diet.

The method of investigative review
The report has set out to answer questions about vitamin D, sunlight, disease and tanning in a systematic way. But
the questions that have been asked have changed as the inquiry progressed. This method of inquiry has developed
from my own experience in both scientific and journalistic investigations. I call this method of research ‘investiga-
tive review’ to distinguish it from narrative review, which may have a marked individual slant, and systematic review,
which may restrict itself to answering certain predetermined questions. 

Investigative review, on the other hand, is based on the idea that we do not always know the best questions to
ask at the beginning of an inquiry, and that certain assumptions may need to be tested against the literature before
we know the best questions to put. An important part of the process is to highlight incorrect assumptions that are
widely held about a body of data, and to gather scattered evidence that question existing ideas and may support
a new interpretation. To achieve this questions are put in the most general form possible to retrieve the maximum
information. Questions take the form: what is the relationship between disease A and factor B, what is the relationship
between disease A and disease D, what else has a particular author E to say on this and related subjects.

In this way I have been able to gather together a large but widely scattered body of evidence on vitamin D. 
Despite its importance, research on vitamin D has not been fashionable and so its wider relevance has been 
largely overlooked. An investigative review aims to gather together such scattered evidence and, in this case, 
consider its relevance to national policy. The narrative in an investigative review consists then of a theme giving an
account of what has been discovered and the evidence for it and may present a prime facie case for consideration
of a new interpretation of evidence or a change of policy. 
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