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Abstract

The non-calcemic health benefits of solar ultraviolet-B (UVB) radiation and
vitamin D are being recognized as very important for optimal health. The role
of UVB in reducing the risk of cancer was suggested by the Garlands in 1980
based on inspection of the map of colon cancer mortality rates in the United
States. Since then, numerous ecological, cohort, case-control, laboratory studies
and one well-conducted prospective population-based, double-blind,
randomized, placebo-controlled study have confirmed the beneficial role of both
in reducing the risk of nearly 20 types of cancer, primarily those for the
digestive tract, reproductive and urogenital organs, the female breast, and
lymphomas. The evidence that vitamin D reduces the risk of many types of
cancer is strong. More recently, several papers have provided evidence that
vitamin D reduces the risk not only of diseases caused by bacterial infections but
also those caused by viral infections. A corollary of this finding is that the
beneficial role of UVB and vitamin D in reducing the risk of autoimmune
diseases such as multiple sclerosis and cancers such as prostate cancer, both of
which have incidence and mortality rates that increase rapidly with increasing
latitude, a mark of wintertime UVB/vitamin D, especially in the United States,
may be related to reducing the risk of viral infections. In addition, the role of
vitamin D in reducing the risk of viral infections such as influenza helps explain
the seasonal variation in birth rates for neurological diseases such as
schizophrenia. There have also been a number of observational studies linking
low serum 25-hydroxyvitamin D (calcidiol) levels to increased risk of metabolic
diseases such as cardiovascular disease. It appears that serum 25-
hydroxyvitamin D (calcidiol) levels should be above 40 ng/mL for significant
health benefits.
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Introduction

Vitamin D is essential for optimal health, and solar ultraviolet-B (UVB) is the
primary source of vitamin D for most people on Earth. Skin pigmentation
adapted to local solar UV doses as humans migrated from Africa to less sunny
locations (1). Pigmentation is dark enough to lessen the effects of free radical
formation and folate destruction but light enough to permit enough UVB to
penetrate the epidermis to produce vitamin D. However, in the past few
centuries, the natural relation between humans and the sun changed in several
profound ways: many people migrated to locations where their skin was either
too pale or too dark for prevailing solar UVB doses and people began spending
less time in the sun and more time indoors. Also, sunscreens were developed
that enabled people to spend more time in the sun without burning but also
reduced the production of vitamin D. These changes have led to reduced vitamin
D production, which the health care system and the general public are slowly
realizing (2). Vitamin D has now been recognized to be important not only for
its role in calcium absorption and metabolism but also in reducing the risk of
cancer (3), infectious diseases caused by bacteria (4) and viruses (5),
autoimmune diseases (6), and circulatory diseases (7).

Ecological studies related to solar UVB and geographical location made many
of these links. More studies on the health effects of solar UVB have been made
using not only the ecological approach but also the case—control and cohort
approaches, but few prospective studies have been conducted. Thus, reviewing
and evaluating the ecological and observational studies, using the laboratory and
prospective studies to help interpret the findings, is appropriate. All types of
studies have strengths and weaknesses: ecological and observational studies may
not have included some of the risk-modifying factors that are correlated with
UVB and vitamin D; observational studies using serum 25-hydroxyvitamin D
(calcidiol) several years prior to cancer discovery may not use a parameter
appropriate for the entire period; and prospective studies may not be related to
sufficient oral intake of vitamin D or may overlook photoproduction of vitamin
D. Thus, the more studies of high scientific quality, with different design and
approaches that support a beneficial role of UVB and vitamin D, the more likely
the link can be considered causal.

Beneficial role of UVB in reducing the risk of disease

Cancer

After seeing the atlas of colon cancer mortality rates in the United States,
Garland and Garland (8) proposed the UVB/vitamin D/cancer theory. They
realized that cancer rates were lowest in the sunniest parts of the country. They
hypothesized that since vitamin D production is the most important
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physiological effect of solar radiation, vitamin D must reduce the risk of cancer.
This hypothesis was largely unacknowledged. In 1985, they showed that dietary
vitamin D was inversely correlated with colorectal cancer incidence (9) and in
1989 that serum calcidiol was as well (10). In 1990, Schwartz hypothesized that
solar UVB and vitamin D reduced the risk of prostate cancer (11). The Garlands
added breast cancer (12) and ovarian cancer (13) to the list of vitamin D-
sensitive cancers. About the same time that the Garland group reported their
breast cancer findings, laboratory results on vitamin D and breast cancer were
also reported (14).

When | entered the field around 2000, the updated Atlas of Cancer Mortality in
the United States, 1950-94 (15) had just been published. When | looked at the
maps, | was struck by how many maps were similar to those for breast, colon,
and ovarian cancer. Since | worked at NASA Langley Research Center in
atmospheric sciences with an emphasis on ozone and aerosols, | was aware of
the UVB dose map for July 1992 prepared by NASA Goddard Space Flight
Center, using data from the Total Ozone Mapping Spectrometer (TOMS) (16).
The asymmetry of the UVB doses was a good match to the cancer maps. UVB
doses east of the Rocky Mountains are generally comparable to those to the west
about 1000 t01300 km to the north because of two important factors: surface
elevation is generally higher in the west and the stratospheric ozone layer is
lower in the west as the prevailing westerly winds push the tropopause higher as
the air masses prepare to cross the Rocky Mountains. In winter, latitude is a
better index of solar UVB dose. The half-life residence time of vitamin D in the
body is 1-2 months, so that vitamin D produced in summer or fall will not last
through winter. | digitized the UVB data to the approximately 500 state
economic areas in the middle-resolution cancer maps and ran linear regression
analyses for all of the cancers. | thus found 14 cancers that were UVB/vitamin D
sensitive, nine more than had been determined up to that time (17). Although
this finding got much attention, the study was criticized on two counts: (i) that
the analysis did not include other cancer risk-modifying factors and (ii) that the
analysis omitted several states (18). These states were primarily those along the
U.S. border with Mexico, which had many residents of Hispanic heritage who
were included in the category “white Americans.” In response, | redid the
analysis, adding the following risk factors averaged at the state level: alcohol
consumption, fraction of the population with Hispanic heritage, lung cancer as
the index of the health effects of smoking, fraction of the population living
below the poverty level, and fraction of the population living in urban centers.
After | submitted the work to several journals, it was finally published in 2006
(19).

Other studies have provided more support for the UVB/vitamin D/cancer theory.
A recent ecological study in the United States used recent incidence and
mortality rate data and obtained results similar to those in Grant and Garland
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(19), but adding some more cancers (20). One of the important findings in that
study was that the correlations with solar UVB were stronger for cancer
mortality rates than for cancer incidence rates. This finding suggests both that
vitamin D is one of many risk modifying factors affecting cancer incidence and
that vitamin D is more effective at fighting cancer in the later stages, perhaps
through reducing angiogenesis and the risk of metastasis.

Giovannucci and coworkers at Harvard University applied the UVB/vitamin
D/cancer theory to their Health Professionals Follow-up Study. They developed
a vitamin D index based on oral vitamin D intake, skin pigmentation, and leisure
time spent outdoors on the basis of information on serum calcidiol levels for
about 1000 participants and then used this index to examine its relation to cancer
incidence rates for the 50,000 members of the cohort. They found six cancers
significantly inversely correlated with their vitamin D index and another six
cancers insignificantly inversely correlated (21). They also found that their
index was inversely correlated with total cancer incidence rates for the black
participants (22), confirming my findings for black Americans for which | used
data from the Atlas of Cancer Mortality in an ecological studies (19,23).

One of the criticisms of the ecological studies using solar UVB doses is that
people living in sunnier locations may not receive higher UVB irradiances and
produce higher levels of vitamin D. This criticism spurred me to find an index of
UVB irradiance at the group level for further studies. The obvious index to use
Is incidence or mortality rate from nonmelanoma skin cancer (NMSC). The
action spectrum for squamous cell carcinoma (SCC) is primarily the UVB
region, based on studies of watermen in Maryland (38° N) (24) and use of
sunscreen that blocks primarily erythemal UV (25). That of basal cell carcinoma
(BCC) appears to be related to both UVA and UVB, based on latitudinal
variations in incidence rates (26,27).

In the first of my studies on this topic, | found that diagnosis of NMSC was
inversely correlated with development of several types of second primary
cancers as long as the health effects of smoking, using lung cancer incidence
rates in the study population as the index (28), were included. Smoking is also
an important risk factor for SCC (29), so it must be taken into account. SCC
accounts for about 80% of NMSC deaths in the United States (30) and other
countries with pale-skinned inhabitants. In my other related study, | used NMSC
mortality rates as the index of solar UVB irradiance for Spaniards living in 48
continental provinces to analyze the role of solar UVB on cancer mortality rates
for 1978-93. | found 17 cancers inversely correlated with NMSC, including
melanoma (31). However, it was pointed out that death rates from NMSC in
Spain are low, so that the results of this study are not definitive. Thus, I redid
the regression analysis as a multiple linear regression including NMSC, latitude,
and lung cancer. Fifteen of the cancers retained a statistically significant
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correlation with either NMSC or increasing latitude; bladder and endometrial
cancer did not.

Several other recent studies have reported that diagnosis or death from NMSC is
inversely correlated with internal cancer rates. A study in England found that
risk of prostate cancer was reduced by the same sun exposure factors as
increased the risk of BCC (32). A similar study in The Netherlands found that
development of any type of skin cancer was also inversely correlated with
prostate cancer (33). A larger-scale study found that BCC and SCC were
inversely correlated with all solid tumors except skin and lip in sunny countries
but were not in less sunny countries (34). | pointed out that the results in this
study were consistent with UVB being a risk factor for SCC and BCC and UVA
for melanoma, and that the results for less sunny countries were due to
decoupling of high solar UV irradiance from vitamin D status, perhaps through
travel to sunny locations on holiday (35).

Studies to date have found solar UVB and/or vitamin D most strongly protective
against cancers of digestive and elimination tract organs, gynecological organs
other than the cervix, female breast, urogenital organs, and lymphomas. There
is limited evidence that vitamin D reduces the risk of respiratory tract organs
(36); smoking is the most important risk factor, with air pollution also playing a
role (37). While vitamin D can increase survival times for those diagnosed with
lung cancer, it does not seem to prevent death eventually for those living in
Norway (38).

The critics also raised another point, that the UVB/vitamin D/cancer theory had
not been verified in a prospective population-based, double-blind, randomized,
placebo-controlled study. Indeed, the Women’s Health Initiative study found no
protective effect of vitamin D and calcium for either hip fractures (39) or colon
cancer (40). However, they used only 400 IU of vitamin D3 per day along with
1200 mg of calcium, which was insufficient (41); the present understanding is
that takes 2800 IU per day to reduce the risk of colorectal cancer by 50% (42;
E.D. Gorham, private communication). However, a more recent study in which
the postmenopausal women with an average age of 67 years at enrollment were
given 1500 mg of calcium and 1100 IU of vitamin D3 per day (which raised
serum calcidiol from 29 ng/mL to 38 ng/mL) found that from the end of the first
year to the end of the fourth year, incidence of all cancers was 77% lower for
those taking calcium plus vitamin D than for those taking the placebo (43).

The World Cancer Research Fund and the American Institute for Cancer
Research recently published a review of the risk of colorectal cancer with
respect to oral intake of vitamin D and serum calcidiol (44). Based on a review
of 11 cohort studies and 17 case-control studies on vitamin D-intake and four
cohort studies of vitamin D status, they concluded “The evidence on vitamin D
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was inconsistent. There is limited evidence suggesting that foods containing
vitamin D or vitamin D status protect against colorectal cancer.” | reviewed
many of the same papers in a paper in 2004 (41) and concluded that most of the
studies on oral intake of vitamin D could not have found a significant risk
reduction for colorectal cancer since the intake was generally too low.
Unfortunately, the recent report did not consider ecological studies.

Thus, many studies nicely confirm the ecological studies based on solar UVB
doses. More support for the UVB/vitamin D/cancer theory is found in studies
that examine the mechanisms whereby vitamin D reduces the risk of cancer (45—
49).

Several recent reviews of the UVB/vitamin D/cancer theory all conclude that the
studies generally support the theory (4,50-53). The evidence has increased since
these reviews, so the conclusion must be that the UVB/vitamin D/cancer theory
should be considered scientifically accepted. This theory is also gaining more
credibility in the policy arena. The Canadian Cancer Society recently adopted a
policy of recommending 1000 IU of vitamin D3 per day when adequate solar
UVB is not available (54). The Cancer Council of Australia and allied
organizations also recently released a position statement on the benefits of solar
UVB but was cautious regarding the risk of skin cancer (55).

Infectious diseases

Vitamin D also reduces the risk of bacterial and viral infectious diseases. The
first indication was that solar UVB reduced the risk of Mycobacterium
tuberculosis (TB). Oskar Berhnard used sunlight to treat those with TB starting
in 1902, as did Auguste Rollier a bit later in an approach called heliotherapy
(56). A discussion of this interesting history can be found in The Healing Sun
(57). Vitamin D deficiency is still an important risk factor for TB (58). High
doses of vitamin D2 have been used to treat TB (59). 25-dihydroxyvitamin D
(calcitriol) induces the production of human cathelicidin (LL-37) (60), which
has powerful antimicrobial activity and potent antiendotoxin activity (61) and
enhances the innate immune system to where it can combat bacterial (62,63) and
viral (63) infections.

A recent study hypothesized that the annual solar UVB cycle explains the
seasonal variation in influenza rates (64). Experimental support for this
hypothesis was quickly supplied through an analysis of incidence rates of
influenza and common colds in a prospective double-blind trial of supplemental
vitamin D for prevention of bone disease in 208 African American
postmenopausal women living in or near Mineola, New York. The women were
enrolled in a 3-year randomized clinical trial. Half were given 800 1U per day of
vitamin D3 the first 2 years and 2000 IU the third year, and half were given a
placebo. Every 3 months the women were interviewed and asked whether they
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had experienced a cold or influenza in the previous 3 months. Twenty-six
women taking the placebo reported having at least one of these illnesses,
compared with seven taking 800 IU/day and only one taking 2000 IU/day (5).

More support came from a study of incidence of respiratory syncytial virus with
respect to meteorological parameters in several cities (65). Solar UVB was
found to explain 13% of the variance in Miami, Florida; 5% in Buffalo, New
York; but only 0.6% in Winnipeg, Manitoba. The change with latitude is
consistent with lower UVB at higher latitudes, especially since solar UVB doses
are too low in winter to produce vitamin D above about 40° N (66). Low
temperature and low relative humidity were also found to be important risk
factors.

These findings very likely apply to other respiratory infections caused by viruses
and bacteria, especially those that have higher incidence rates in winter. An
extension of these findings is that low calcidiol levels probably increase the risk
of severe sepsis (septicemia). Septicemia is generally caused by bacteria such as
Staphylococcus aureus (67), sometimes after a respiratory disease caused by a
viral infection (68). The epidemiology of septicemia in the United States (69,70)
seems to be well explained by what is known about the epidemiology of solar
UVB and calcidiol in the United States (Grant, Alt Med Rev, submitted). The
seasonal variation of gastroenteritis caused by astrovirus, norovirus, and
rotavirus in the United Kingdom is highly inversely correlated with serum
calcidiol levels one month prior to the numbers of cases (71, Grant, submitted),
and, thus, also likely related to calcidiol levels. However, it is also possible that
solar UVB Kills these viruses in the water as they flow from sewage treatment
plants to the ocean where shellfish destined for human consumption live.

Multiple sclerosis

Multiple sclerosis (MS) is a demyelinating disease marked by patches of
hardened tissue in the brain on the spinal cord and associated with partial or
complete paralysis and jerking tremor. It is an autoimmune disease, for which
infectious mononucleosis, caused by the Epstein-Barr virus, is an important risk
factor (72). The prevalence of MS has a pronounced increase with increasing
latitude in Europe (73), the United States (74), and Australia (75). Vitamin D is
a risk reduction factor for MS (6). | showed that the geographic variation of MS
in the United States (74) can be fitted with a second-order function of latitude
(76). This index is partly an index of wintertime solar UVB and vitamin D and
partly an index of temperature and relative humidity. On the basis of the UVB
doses for July from TOMS (16), it is definitely not an index of summertime
UVB and vitamin D. Thus, it appears that the risk of MS is due largely to viral
infections in winter (77). One role of vitamin D in reducing the risk of MS is
then reducing the risk of viral infections. There are other mechanisms as well,
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such as shifting the T-helper (Th) balance from Th-1 toward Th-2, thereby
reducing the inflammatory response by cytokines (78,79).

Prostate cancer

Prostate cancer has a geographical variation in mortality rate in the United States
that is more closely linked to latitude than to summertime UVB (19). This
variation is similar to that for MS (80). Given that MS is linked to viral
infections, by analogy it appears that risk of prostate cancer might be, too.
Indeed, there is evidence that viral infections increase the risk of prostate cancer
(81-83) and that chronic inflammation, a hallmark of infection, is also an
important risk factor for prostate cancer (84,85). Thus, | hypothesize that solar
UVB, by reducing the risk of viral infections through vitamin D production, may
explain why prostate cancer has a more symmetrical latitudinal variation in the
United States than that of other cancers such as breast and colon cancer (77).
Since viruses are also risk factors for other types of cancer, and since several
other cancers also have a similar latitudinal component (bladder, gastric,
testicular, thyroid cancer, Hodgkin’s and non-Hodgkin’s lymphoma) this
hypothesis should apply to them as well (77).

Metabolic disease

There is increasing observational evidence that vitamin D also reduces the risk
of metabolic diseases. An ecological study (86) linked hypertension to low
vitamin D levels. The results of a cohort study (87) and the analysis of data from
the Third National Health and Nutrition Examination Survey (88) support this
hypothesis. Several papers noted that serum calcidiol is inversely correlated
with cardiovascular disease risk factors (89-91). Recently, it was reported from
the Framingham Offspring Study that individuals with hypertension with 25-OH
D < 15 ng/mL had a multivariable-adjusted hazard ratio of 2.13 (95%
confidence interval 1.30 to 3.48) (7). While more work is required to evaluate
this link, it seems reasonably likely.

Schizophrenia

Schizophrenia is a disease for which there is a pronounced seasonality in birth
rates, with higher rates in spring and lower rates in fall. McGrath has long
suggested that low maternal serum calcidiol level during pregnancy was the
primary cause of this phenomenon (92). He also showed that influenza
epidemics are followed by an increased birth rate for schizophrenia 5 months
later (93). Recent studies with rats support both the influenza (94) and the
vitamin D (95) hypotheses. The mechanism involved appears to be
hyperthermia, which is a well-known risk factor for birth defects (96).

There are several excellent reviews on the role of UVB and vitamin D in
maintaining optimal health (3,41,76,97-103).
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Summary and conclusion

Solar UVB, through production of vitamin D, has been observed to be inversely
correlated with a growing number of conditions and diseases. Prospective
studies are finally being properly designed to test the UVB/vitamin D
hypotheses. The adequate intake level of vitamin D3 indicated by the emerging
scientific studies is 1000-4000 IU/day (5,41-43,64,88,89) and that serum
calcidiol should be above 40 ng/mL (43). Vitamin D2 appears to be much less
effective in reducing the risk of disease (104). Adequate vitamin D from all
sources including oral intake and production from natural and artificial UVB is
essential for optimal health. The health benefits of vitamin D appear to greatly
outweigh the risks of UV irradiance (105).

Disclosure

| receive funding from the UV Foundation (McLean, VA) and the Vitamin D
Society (Canada) and the European Sunlight Association.
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