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Abstract
There is currently no means of primary prevention for prostate cancer. Increased exposure to
ultraviolet-radiation may be protective, but the literature is inconclusive. We investigated
associations of life-course exposure to sunlight with prostate cancer. The study design was a UK-
wide nested case-control study, based on 1,020 PSA-detected cases and 5,044 matched population
controls and a systematic review with meta-analysis. Men with olive/brown skin (OR= 1.47; 95%
CI: 1.00 to 2.17), men who burnt rarely/never (OR= 1.11; 0.95 to 1.29) and men with the lowest
levels of intense sun exposure in the 2 years prior to diagnosis (OR = 1.24; 1.03 to 1.50) had an
increased prostate cancer risk. However, amongst men with prostate cancer, spending less time
outside was associated with a reduced risk of advanced cancer (OR = 0.49; 0.27 to 0.89) and high
Gleason grade (OR = 0.62; 0.43 to 0.91), and men who burnt rarely/never had a reduced risk of
advanced cancer (OR = 0.71; 0.47 to 1.08). The meta-analysis provided weak evidence that men
with the lowest (versus highest) sunlight exposure had an increased prostate cancer risk (4 studies,
random-effects pooled relative risk = 1.13; 0.98 to 1.29) and higher advanced or fatal prostate
cancer risk (6 studies, random-effects pooled relative risk = 1.14; 0.98 to 1.33). Our data and
meta-analyses provide limited support for the hypothesis that increased exposure to sunlight may
reduce prostate cancer risk. The findings warrant further investigation because of their
implications for vitamin D chemoprevention trials.
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Statements:
Our results provide some support for the hypothesis that greater sun exposure may protect against the development of prostate cancer.
However amongst men with prostate cancer, our data indicate the possibility that higher levels of sun exposure may increase
progression to a more advanced stage or grade.
Our findings have potential implications for both public health and therapeutic attempts at controlling this disease via manipulation of
vitamin D status.
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Introduction
Worldwide over 220,000 men die annually from prostate cancer (1;2). Known risk factors
are age, ethnicity and family history (3;4) but as these risk factors are not modifiable, control
through primary prevention is not an option. It is, therefore, important to identify modifiable
lifestyle or environmental factors that may decrease the risk of prostate cancer.

A number of ecological studies have reported an inverse correlation between sunlight levels
and prostate cancer mortality (5;6). This association may reflect an inverse association of
vitamin D with prostate cancer (7-10), because vitamin D status is strongly determined by
the amount of sun exposure and the capacity of the skin to synthesise it and, in turn, vitamin
D regulates cellular growth and differentiation (7;11). There is evidence from individual-
based epidemiological studies that risk of cancer, including of the prostate, is decreased in
men with high sun exposure (10;12;13), and that pigmentary characteristics which may
inhibit vitamin D synthesis, such as dark skin (10;14) or tanning easily (15), are positively
associated with prostate cancer. However, there is also contradictory ecological evidence
that high levels of exposure to ultra-violet radiation are associated with an increased risk of
prostate cancer mortality (16).

We tested the hypothesis that increased sun exposure during the life-course is associated
with reduced prostate cancer risk and that the association would be stronger for advanced
versus localised disease. We also tested the hypothesis that characteristics which would lead
to increased sun exposure, having fair skin, light hair or a tendency to burn easily, would be
associated with reduced prostate cancer risk. The analysis is based on a case-control study
nested within the UK-wide population-based phase of prostate cancer detection for a multi-
centre randomised controlled trial of treatments for localised disease: the Prostate Testing
for Cancer and Treatment (ProtecT) study (17). As well as being large (n = 1,020 men with
prostate cancer eligible for the current analysis) and with nationwide, population-based
coverage, a novel perspective provided by this study is that we have measures of reported
skin pigmentation at age 20 and sun exposure in both childhood and adulthood, representing
a life-course assessment of exposure. In addition, given the absence of an up-to-date review
of the existing evidence, we carried out a systematic review and meta-analysis of
comparable studies in order to place our results in the context of the worldwide literature.

Materials and Methods
Case Control Analysis

During recruitment to the ProtecT study (between 2001 and 2008), men aged 50-69 years at
400 general practices in nine UK centres (Birmingham, Bristol, Cambridge, Cardiff,
Edinburgh, Leeds, Leicester, Newcastle, Sheffield) were offered a PSA test at a community-
based ‘prostate check clinic’, and those with raised levels (≥ 3 ng/ml) were offered
diagnostic biopsy. Detected tumours were all histology-confirmed and clinically staged
using the TNM system (18). Cancer stages T1-T2 and NXM0 were categorised as
‘localised’; and T3-T4 and N1 or M1 as ‘advanced’. ‘High grade’ tumours were defined as a
Gleason score ≥ 7, after review by a pathologist. All participants in ProtecT who had no
evidence of prostate cancer were eligible for selection as controls; that is, men with a PSA
test < 3ng/ml or a raised PSA (≥ 3 ng/ml) combined with at least one negative biopsy and no
subsequent prostate cancer diagnosis during the follow-up protocol for negative biopsies.
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Six randomly selected controls were stratum-matched to each case by five-year age band
(age at PSA test) and GP/recruitment centre. All men provided written informed consent
prior to inclusion in the study. Trent Multicentre Research Ethics Committee approved the
study.

Exposure Data
A self-administered diet, health and lifestyle questionnaire, administered at the prostate
check clinic (i.e. typically completed prior to knowledge of the PSA level or diagnosis),
included questions about pigmentation (skin reaction to sun, and skin and hair colour) and
behaviours affecting the level of sun exposure, such as time spent in the sun and type of sun
protection used. These questions were based on questionnaires used in the South Wales Skin
Cancer study (19;20), the Nurses Health Study Sun Exposure Questionnaire (21), the
Queensland study of childhood melanoma (22;23) and the Queensland melanoma case
control study (24;25). The questions split the life-course into three segments: childhood
(0-19 years), mid-adulthood (20-49 years) and exposure in the two years prior to attending
the prostate check clinic. The variables derived are described briefly below. Further details
of individual questions and the variables derived from the original questions are shown in
Appendix 1.

‘Time spent outside in summer’ was derived by summing the weighted number of hours
spent outside in the summer across different ages (5-12, 13-19, 20-29, 30-39, 40-49 and
50-69 years) (weights: < 1hour/day = 0.5 hours; 1-4hours = 2 hours; > 4hours = 6 hours)
(26). Missing answers were assigned to zero. The distribution of this score was then split
into thirds and labelled ‘low’, ‘medium’ and ‘high’, where ‘high’ indicates increased sun
exposure. Separate scores for childhood (5-19 years) and adult (20-69) exposure were also
calculated using the same method. Sensitivity analyses on the following categories of men
made very little difference to results and are not reported here: a) men with complete data;
b) all men, but using imputed missing values if more than half the data on hours spent
outside for the man were recorded; c) all men, but using imputed missing values so long as
at least one data item on hours spent outside for the man was recorded. For the sensitivity
analyses reported above, the method of deriving imputed values was to replace missing
answers to questions with the mean of the non-missing answers.

A measure of ‘intense sun exposure’ was derived by summing time spent sunbathing, time
away from home on holiday and time spent in foreign countries, in childhood (0-19),
adulthood (20-49), the two years prior to prostate clinic, and overall. ‘High’ intense sun
exposure indicates increased sun exposure. A missing answer was equal to zero; however
scores were not calculated if more than half of the answers were missing. Separate questions
to capture the number of times men had, at different ages, been severely sunburned, or how
often on average they had used a sun-bed in an average year, were also analysed.

The men were asked to self-report which of the following categories best described their
ethnic group: white, African-Caribbean, Black British, Indian, Pakistani, Bangladeshi,
Chinese, Other. Measures of physical activity, smoking, family history of prostate cancer
and occupational social class were derived from a questionnaire, administered at the prostate
check clinic.

Statistical Analysis
To allow for the matched sets of cases and controls, conditional logistic regression,
controlling for exact age (years) at prostate clinic attendance, was used to estimate odds
ratios (OR) and 95% confidence intervals (CI) quantifying the association between sun
exposures and all prostate cancers. Analyses of the association between pigmentation and
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prostate cancer were further adjusted for sunscreen use throughout life, and analyses of the
association between sun exposure and prostate cancer had additional adjustment for
sunscreen use, usual reaction of skin to sunlight, skin colour and hair colour, as these factors
can affect the amount of vitamin D absorbed during sun exposure.

A subanalysis using unconditional logistic regression assessed the associations of life course
sun exposure and usual reaction of skin to sunlight with stage and Gleason grade in men
with prostate cancer. Analyses were carried out in Stata 10 (StataCorp, 2007. College
Station, TX).

Systematic Literature Review
A systematic literature review was carried out using a MEDLINE search from 1966 to 10th

April 2008 that combined the key words “sunlight”, “ultraviolet rays”, “sun exposure” or
“sunburn” with “prostate cancer” or “prostatic neoplasms”. The abstracts of papers
identified using this search were read and all epidemiological studies and review papers
relating a measure of sun exposure to prostate cancer, published in English, were identified.
Papers that were either prostate-only or where prostate cancer was one of multiple cancers
analysed were both considered for inclusion. Additional reports of epidemiological studies
were identified from a manual search of the reference lists of retrieved papers.
Epidemiological studies with measures comparable to our ‘time spent outside’ variable, and
which related these variables to prostate cancer risk, were included in a meta-analysis. As
there was evidence of statistical heterogeneity between studies, effect-estimates from the
maximally-adjusted models presented from each individual study were pooled using
random-effects models (although results from fixed-effects models were similar). We
calculated the I2 value as a quantitative measure of the degree of inconsistency across
studies that is not dependent on the number of studies (27), where 0% indicates no observed
heterogeneity, and larger percentages show increasing heterogeneity. We identified
instances where more than one publication arose from the same study by reviewing study
name, authors, location, study population, dates and study design.

Results
Case Control Analysis

By November 2006, 55,172 men had received a PSA test; 5,873 had a raised PSA and 1,933
men had prostate cancer. The questionnaire was given to 39,856 men, of whom 9,274 were
selected for potential inclusion in a ProtecT-based case-control series (1,374 men with
prostate cancer). The questionnaire was completed by 1,153 (84% response) histology-
confirmed cases and 5,821 (74% response) controls. The mean age of responders was 62.4
years versus 61.3 years amongst non-responders, 48.0% of responders were in a manual
social class versus 56.0% of non-responders, and 7.7% of responders had a family history of
prostate cancer versus 6.4% of non-responders.

The main analysis was carried out on the 1,020 cases (116 with advanced prostate cancer,
317 with high Gleason grade) and 5,044 matched controls who answered at least one of the
sun exposure questions. 84% of participants had recorded ethnicity, of whom 5,743 men
(99%) self-identified as white. 57.8% of the men with missing ethnicity described
themselves as having fair/pale skin colour, which suggests that these men are predominantly
white. A sensitivity analysis was carried out, based on 589 cases and 4,551 controls who
self-identified as white and had sun exposure data; the results based on these men were very
similar to the results based on all 1,020 cases and their controls.

There were no substantial differences between cases and the controls, except that 7.8% of
cases had a family history of prostate cancer versus 5.4% controls (p<0.01) and slightly
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fewer of the cases had a smoking history (64.2% cases, 67.8% controls; p=0.03). The mean
age of the cases was 62.5 years versus 62.3 years amongst controls, and 49% of cases were
in a manual social class versus 47% of controls.

The median PSA in cases was 5.06 ng/ml (inter-quartile range 3.7-8) and in controls was 1
ng/ml (inter-quartile range 0.6-1.7). Approximately 90% of men had recorded where they
mostly lived during different age ranges. Of these, only between 0.85% and 6.37% lived
outside the UK (Age 5-12 years: 3.00%; 13-19 years: 3.27%; 20-29 years: 6.37%; 30-39
years: 3.19%; 40-49 years: 2.00%; 50-69 years: 0.85%).

Looking at the associations between the exposure variables, men with medium or olive/
brown skin were less likely to burn (2.8%) than men with fair/pale skin (54.3%), as was true
also for those with dark hair (27.1%) compared to those with light hair (48.1%). Higher
proportions of fair/pale-skinned men than olive/brown-skinned men consistently reported
always/mostly protecting their skin from the sun (mid-adulthood: 53.7% vs.38.4%). Similar
sun protection patterns were seen among men who burned readily compared to those who
burnt rarely/never (mid-adulthood: 59.9% vs. 44.6%). Light haired men were only slightly
more likely than dark haired men to protect their skin (mid-adulthood: 51.8% vs. 48.7%).
All p-values for the preceding comparisons were ≤ 0.01.

For associations of measures of pigmentation with prostate cancer, we found none for hair
colour, a modest trend for men with olive/brown skin (p for trend = 0.19) and similarly for
men who burn rarely or never (p for trend = 0.18) to have a higher odds of prostate cancer
(Table 1). Men who burnt rarely were slightly more likely to have localised tumours (p =
0.11) but there was no association with tumour grade (Table 2).

Considering reported levels of sun exposure, overall associations of sun or sunbed exposure
in childhood, adulthood and throughout the life course with prostate cancer occurrence were
uniformly close to the null, with the minor exception of those men with the lowest levels of
intense sun exposure in the 2 years prior to their prostate clinic check, who had an increased
risk of prostate cancer (OR = 1.24, p for trend = 0.04) (Table 1).

Amongst men with prostate cancer, those who spent less time outside over the lifecourse
appeared to have a reduced risk of both advanced prostate cancer and high Gleason grade
(Table 2). There was no evidence of associations between intense sun exposure and stage of
cancer or Gleason grade.

Results were not attenuated with adjustment for sunscreen use (age adjusted only) and when
additionally adjusted for family history of prostate cancer, smoking, physical activity and
occupational social class.

Systematic Literature Review
The electronic MEDLINE search identified 103 papers. Based on a review of the title and
abstract, the full text of 42 papers was retrieved for more detailed assessment against our
inclusion criteria. Searching the references of these papers retrieved 12 more papers giving a
total of 54. Of these, 15 were narrative review papers, six were ecological, five considered
racial variation in prostate cancer risk, three related seasonality to prostate cancer, 11
reported only serum vitamin D levels and one was a methodological paper (deriving a
summary score for sun exposure). In total, 13 papers reported on either sun exposure and /
or skin type, but seven papers duplicated data present in others (15;28-33). The most recent
analysis or those papers with the most relevant variables were included, providing six papers
comparing sun exposure (34-39) and two comparing skin reaction to sun exposure (35;38)
for inclusion in our meta-analyses (Table 3).
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Our meta-analysis included the results for time spent outside over the life course from the
ProtecT nested case control study for all prostate cancers and, separately, advanced cancers
compared to controls. Where necessary, we reversed the scales of the presented results from
other studies so that high sun exposure was the baseline category. Our meta-analysis
suggested that, on average, men with the lowest exposure to sunlight (compared to men with
the highest exposure) had a slightly increased risk of any incident prostate cancer (4 studies,
1,981 cases; random-effects pooled relative risk = 1.13; 95% CI: 0.98 to 1.29; I2 = 66.9%)
(Figure 1) as well as of advanced or fatal prostate cancer versus no cancer (6 studies,
115,016 cases; random-effects pooled relative risk = 1.14; 95% CI: 0.98 to 1.33; I2 = 75.7%)
(Figure 2). Excluding ProtecT made little difference to the pooled effects estimates which
were 1.18 (95% CI: 1.04 to 1.35; I2 = 56.8%) for incident prostate cancer and 1.17 (95% CI:
1.03 to 1.32; I2 = 67.3%) for advanced or fatal prostate cancer. A sensitivity analysis,
replacing the ProtecT results for ‘time spent outside’ with those for ‘intense sun exposure
over the life course’, made little difference to the pooled effects estimates which were 1.19
(95% CI: 1.07 to 1.31; I2 = 39.6%) for incident prostate cancer and 1.17 (95% CI: 1.04 to
1.31; I2 = 60.3%) for advanced or fatal prostate cancer.

Meta-analysis of two studies (ProtecT plus Rukin et al (35) suggests that men who never
burn versus those who easily burn have an increased risk of incident prostate cancer (1,117
cases; random-effects pooled relative risk = 1.44; 95% CI: 0.77 to 2.68; I2 = 76.6%).
However, in a pooled analysis of two studies (ProtecT plus John et al (38), men who never
burn versus those who easily burn had a lower risk of advanced prostate cancer (526 cases;
random-effects pooled relative risk = 0.78; 95% CI: 0.57 to 1.05; I2 value =0.0%).

Discussion
Summary of Findings

Our Protect study provides only weak evidence to support the hypothesis that reduced levels
of sun exposure could be a risk factor for the development of prostate cancer. Men with
olive/brown skin, those who rarely burn and men with the lowest levels of intense sun
exposure in the two years prior to attending the prostate check clinic, had an increased risk
of all prostate cancers. Olive/brown skin and a tendency not to burn (in other words, a
person tans easily), may reflect lower exposure to ultraviolet light of the epidermal layers of
the skin where vitamin D production is greatest, hence reducing cutaneous vitamin D
synthesis. In parallel with these findings, our meta-analysis of the available literature
suggested that men with the lowest exposure to sunlight had an increased risk of both
incident and advanced or fatal prostate cancer, although the confidence intervals for the
random effects models included the null value, and there was evidence of heterogeneity.
Amongst men with prostate cancer in ProtecT, those who burnt rarely or never and those
who spent less time outside appeared to have an inverse association with advanced prostate
cancer and/or those with a high Gleason grade; and a pooled analysis of two studies
(ProtecT and one other) suggested weak evidence that men who burned rarely or never (a
marker for reduced cutaneous vitamin D synthesis) had a positive association with prostate
cancer overall, albeit an inverse one with advanced prostate cancer.

Sunlight exposure and incidence of prostate cancer
Vitamin D regulates calcium and phosphate levels as well as controlling cellular growth and
differentiation (7) (11). The administration of vitamin D analogues slows the growth and
inhibits the metastases of prostate tumours in animal models (40;41), and in small phase II
trials synthetic vitamin D analogues slowed PSA-defined progression of prostate cancer
(42). Some epidemiological studies have suggested a potential protective role of vitamin D
against prostate cancer (7-9), although the evidence has been limited and conflicting (4).
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Since sunlight exposure (and subsequent conversion of vitamin D to circulating 25(OH)D) is
the most important source of vitamin D in men, (43-45) these animal and clinical data would
be consistent with an inverse association of sunlight and all prostate cancer risk.

Our results for men with prostate cancer, suggesting lower risk of advanced disease amongst
men with exposures indicating reduced levels of cutaneous vitamin D synthesis, are more
difficult to explain. In contrast with ProtecT, the point estimate from our random effects
meta-analysis suggested that studies were, on average, consistent with men with the lowest
exposure to sunlight having an increased risk of advanced or fatal prostate cancer. However,
the pooled random effects model included the null value and there was moderate
heterogeneity. Thus the causal association of sunlight exposure with advanced prostate
cancer is far from clear.

ProtecT results amongst men with prostate cancer are in line with some other studies that
have shown positive associations of high vitamin D levels with advanced prostate cancer.
One study investigating serum levels of the two vitamin D metabolites, 25-hydroxyvitamin
D and 1,25-dihydroxyvitamin D found a positive association with both low 25-
hydroxyvitamin D (OR = 1.5; 95% CI: 0.8-2.7) and high 25-hydroxyvitamin D levels (OR =
1.7, 95% CI: 1.1-2.4) (46) suggesting that both low and high levels of vitamin D are
associated with a higher risk of prostate cancer. Two other studies also found that men with
vitamin D levels above the lowest quintile had a higher risk of aggressive prostate cancer
(OR comparing highest quintile to lowest = 1.37, 95% CI: 0.92-2.05; p-trend = 0.05) (47)
and that men with a deficiency in circulating 25(OH)D had lower risk of total (OR = 0.62,
95% CI: 0.43-0.91) and poorly differentiated (OR = 0.42, 95% CI: 0.23-0.78) prostate
cancer than men without deficient levels (48).

There may be a biological rationale explaining why high serum vitamin D may increase the
risk of advanced prostate cancer amongst men who have the disease. Raised levels of
vitamin D may lead to increased 24-hydroxylase levels, an enzyme that decreases local
synthesis of 1,25-dihydroxyvitamin D (49). 24-hydroxylase itself has been found to be
cancer-inducing because it inactivates 1,25-dihydroxyvitamin D (50). Certain prostate
cancer cell lines have exceptionally high 24-hydroxylase levels (11). A high level of vitamin
D may lead to less locally synthesised 1,25-dihydroxyvitamin D, decreasing any beneficial
effects, (51;52), whilst increasing the risk of prostate cancer progression due to increased
24-hydroxylation. This mechanism may, therefore, explain our findings that increased sun
exposure, a proxy for high vitamin D serum levels, is associated with an increased risk of
advanced prostate cancer.

Explaining heterogeneity in the literature
The total number of studies was too small to formally investigate sources of heterogeneity
using meta-regression techniques. However, the heterogeneity in results may reflect the
challenge of measuring sun exposure and obtaining an accurate description of life-course
exposure, whether based on ultraviolet radiation or self-reported exposure. For example, the
cohort study by de Vries (36) compares the rate of prostate cancer in skin cancer patients
with the rate in the general population. Skin cancer patients may change their sun exposure
behaviours or be subject to detection bias as a result of regular medical contact. Rukin (35)
recruited cases and controls from a urology clinic, and the controls were men with benign
prostatic hypertrophy, which may itself be affected by sun exposure, leading to control
selection bias. In both these latter two studies, the men without prostate cancer are likely to
be different from the general population. Our results and those of John et al (37), which
show a positive relationship of sun exposure and prostate cancer incidence, are population-
based and compare prostate cancer patients to non-cancer patients, unlike Rukin (35) and de
Vries (36) who find an inverse relationship.
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Of the studies included in the meta-analysis for advanced or fatal prostate cancer, our study
is the only one based in the UK. Two of these studies, Robsahm (39) and Freedman (34), are
essentially ecological with respect to exposure measurement (which is based on solar
radiation at region of residence), which may lead to a high rate of misclassification of
individual exposures, for example, if older people travel to sunnier climates during winter
periods. Exposure based on ultraviolet radiation will be influenced by the amount of time
spent outside and the amount of exposed and / or unprotected skin. Levels of sun exposure,
based on time spent outside, may differ considerably across different countries. Many
studies do not allow for how different patterns of exposure interact to mediate risk.
However, vitamin D synthesis due to sun exposure is closely regulated and no more than
15% of the total cutaneous 7-dehydrocholesterol, the substrate for ultraviolet action, is
converted to provitamin D3, whether skin is exposed for 30 minutes or 8 hours at the
equator (53). Confounding variables such as level of health care and cultural, lifestyle or
genetic differences may limit the causal inference that can be made from existing
observational studies (54;55). Systematic measurement error in outcome assessment may
arise from screening by serum PSA testing, accuracy of diagnosis or recording. There may
also be a distortion of the literature by publication bias, where null or unexpected results are
not submitted or published as often as results that are ‘statistically significant’ or in line with
expectation.

Strength and limitations of our study
We have used recalled sun exposure as a proxy for serum vitamin D levels. Reported
measures of sun exposure were found to have varying levels of reproducibility (56), which
may have lead to misclassification of sun exposure status. There is potential
misclassification of vitamin D status due to a lack of information on other sources of
exposure, such as leisure activities, occupational exposure or dietary vitamin D. This
misclassification is likely to be non-differential with respect to cancer status. We were able
to investigate both behaviours and biological effects (such as propensity to burn), which
may be a more accurate reflection of sun exposure than self-reported behaviour alone.

Since the decision to biopsy is based on PSA level, it is possible that some of the controls
with PSA<3ng/ml have unidentified prostate cancer (57). However, there was no evidence
of an association between PSA level and skin colour, ambience or exposure pattern in the
control group (data on request). Therefore any misclassification of cancer status is likely to
be non-differential with respect to sun exposure, attenuating effect-estimates. Evidence of
associations with advanced prostate cancer must be interpreted carefully as the small
number of advanced cases may by chance be unrepresentative. There is the possibility of
reverse causality: that men with more advanced cancer may be less able or less inclined to
go outdoors. However, this is unlikely as the men were asymptomatic so their behaviour was
unlikely to change, and it would only affect variables relating to the time period directly
prior to diagnosis.

Approximately 94% of the men lived in the UK all of their lives, and sun tourism has only
recently increased (58), so it is possible that there may be little variation due to latitude, but
we are looking at variations due to behaviour and skin pigmentation.

Conclusion
Our results from the population-based ProtecT study and our meta-analysis offer little
support to the hypothesis that greater sun exposure may protect against the development of
prostate cancer. There is similarly weak evidence that, amongst men with prostate cancer, it
is possible that higher levels of sun exposure increase the likelihood that those cancers that
do develop will be more advanced. The finding that an exposure may reduce prostate cancer

Gilbert et al. Page 8

Int J Cancer. Author manuscript; available in PMC 2010 May 19.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



development but increase risk of cancer progression has a precedent in the Prostate Cancer
Prevention Trial, where the 5-alpha reductase inhibitor finasteride had different effects on
incidence and progression. Men in the finasteride arm had fewer prostate cancers overall but
an increase in high-grade disease compared to men in the placebo group (59). We believe
that the suggestion of a possible adverse effect of higher sunlight exposure on prostate
cancer progression warrants further investigation, as this finding has potential implications
for both public health and therapeutic attempts to controlling this disease via manipulating
vitamin D status.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Meta-analysis of association of incident prostate cancer with sun exposure (low vs. high*
sun exposure)
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Figure 2.
Meta-analysis of association of advanced or fatal prostate cancer (versus no cancer) with sun
exposure (low vs. high sun exposure)
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