
E U R O P E A N J O U R N A L O F C A N C E R 4 4 ( 2 0 0 8 ) 1 6 – 1 8

. sc iencedi rec t .com
ava i lab le at www
journal homepage: www.ejconl ine.com
Short Communication

Protective effect from solar exposure, risk of an
ecological fallacy
Tom K. Grimsruda,*, Aage Andersena,b

aCancer Registry of Norway, N-0310 Oslo, Norway
A R T I C L E I N F O

Article history:

Received 12 July 2007

Received in revised form

13 October 2007

Accepted 22 October 2007

Keywords:

Epidemiology

Second primary cancer

Skin neoplasms

Ultraviolet rays

Vitamin D
0959-8049/$ - see front matter � 2007 Elsevi
doi:10.1016/j.ejca.2007.10.019

* Corresponding author: Tel.: +47 2245 1300;
E-mail address: tom.k.grimsrud@kreftreg

b Retired 2004.
A B S T R A C T

Solar exposure, vitamin D, and their possible beneficial effect on cancer risk and cancer

prognosis are a topic for research. Despite the distinct nature of sunlight, it has proved dif-

ficult to assess the exposure quantitatively in epidemiological studies. Skin cancers, lati-

tude, and sunny climate have been used as proxy indicators of solar exposure above a

reference level. The interpretation of such data may still be hampered by incomplete can-

cer registration, difference in protection against sunbeams, selection mechanisms, and

absence of information on potential confounders. A recently published paper—on second

primary cancer following the diagnosis of a skin cancer—is discussed to illustrate the

difficulties. Further epidemiological studies of potentially protective effects from carcino-

genic ultraviolet rays should include individual information on solar exposure and vitamin

D levels, as well as on other recognised and relevant risk factors.

� 2007 Elsevier Ltd. All rights reserved.
Solar energy conveyed by electromagnetic rays is essential

for terrestrial life that is dependent on photosynthesis, sur-

face temperature, and the water cycle. The carcinogenic ef-

fect of ultraviolet (UV) light is well recognised,1 as is the

vitally important induction of vitamin D production in human

skin. There is some evidence that vitamin D might reduce the

risk of cancer or improve cancer prognosis, although the nat-

ure of the observed associations is not always clear.

In a recent paper, Tuohimaa and colleagues (2007) stated

that vitamin D production in the skin ‘seems to decrease

the risk of several solid cancers (especially stomach, colorec-

tal, liver and gallbladder, pancreas, lung, female breast, pros-

tate, bladder and kidney cancers)’.2 They followed more than

400 thousand skin cancer patients with record linkage to 13

local or national cancer registries, and studied the pattern
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of second primary cancers. Such a formidable work with analy-

sis of second primary cancers may be valuable for some can-

cer forms and for the generation of hypotheses, but we would

like to question the authors’ aetiological approach in this

study.

The diagnosis of skin cancer was taken by Tuohimaa and

colleagues to indicate solar exposure above average in the

source population.2 The overall number of second primary

cancers was well above that expected from the background

population incidence rates, especially following non-mela-

nomas. Similar findings have been reported earlier from

some of the participating countries.3–5 When non-mela-

noma is taken as an indicator of high cumulative sun expo-

sure, the marked increase in second cancer risk appears

incompatible with the authors’ suggestion that solar expo-
.
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sure has a protective effect. But then the authors changed fo-

cus—from the risk following individual sun exposure, to an

ecological comparison of differences in second cancer risk

ascribed to sunny climate. Standardised incidence ratios

(SIR) of skin cancer patients in ‘sunny countries’ were com-

pared with those in ‘less sunny countries’ by the calculation

of ratios of SIRs.

In 1987, Breslow and Day warned against the use of SIR ra-

tios because serious bias may be introduced when there are

differences in age distribution and age-specific rates.6 Table

1 illustrates the uncertainty of the SIR ratios by showing

two possible scenarios: the first with a suggested age distribu-

tion (above and below 75 years) based on the number of ob-

served and expected lung cancers from Table 6 in the

Tuohimaa paper.2 The second scenario depicts the situation

with an increased number of person-years in the age group

75+ in sunny countries. The SIR ratio changed materially

while the age-specific SIRs remained the same. This appar-

ently extreme example may represent a possible scenario gi-

ven incomplete registration or selection mechanisms in the

diagnostic process due to age-specific campaigns or screening

for skin cancer.

Incomplete registration of non-melanomas has been a

great problem in many cancer registries around the world.

In the latest version of Cancer Incidence in Five Continents,7

the three participating ‘sunny countries’ in the Tuohimaa pa-

per2 showed the following figures for a 5-year-period in the

1990s: New South Wales (Australia), 12,603 melanomas and

0 non-melanomas (probably not registered); Zaragoza (Spain),

195 melanomas and 2499 non-melanomas; and Singapore, 69

melanomas and 1261 non-melanomas. If this distribution

were representative for the Tuohimaa study, the term ‘sunny

countries’ would largely correspond to a part of Australia for

the skin melanoma follow-up; while Zaragoza and Singapore

alone would represent the ‘sunny countries’ in the non-mel-

anoma follow-up.

The distribution of person-years according to agewould fur-

ther depend on age at diagnosis and life expectancy, and,

indeed, the authors stated that the age at diagnosis of non-mel-

anoma non-basal cell carcinomas was 7 years lower in ‘sunny

countries’ than in ‘less sunny countries’. Overall, the situation
Table 1 – Scenarios showing the effect on SIR ratios from chan

Scenario 1

Age < 75 Age P 75 All agesa

Observed(S)c 47 33 80

Expected(S) 59 18 77

SIR(S) 0.80 1.83 1.04

Observed(L)d 1112 1950 3062

Expected(L) 690 1482 2172

SIR(L) 1.61 1.32 1.41

SIR(S) / SIR(L) 0.47 1.48 0.74

a Column ‘All ages’ in Scenario 1 is taken from Table 6, reference [2].

b Number of 75+ person-years in sunny countries in Scenario 2 has bee

c (S), Sunny countries.

d (L), Less sunny countries.
does not seem to justify the featuring of the non-melanoma fol-

low-up as the study’s key finding, flagged in the title.2

Needless to say, climate alone cannot fully explain time

trends or differences in cancer rates, not even for skin cancer

where the effect from sunshine is known to be important.

The crucial question for skin cancers is—perceive it as simple

or complex—to what extent and how people allow susceptible

skin to be exposed to UV rays. Latitude, altitude, season,

temperature, cloudiness, and time of the day, are of course

fundamental factors, but equally important are hereditary

characteristics such as skin type, clothing, sunbathing habits,

or solar protection used during outdoor activities. Additionally,

the skin’s own protection against UV damage, known as tan, is

highly time- and exposure-dependent (resulting from recent

solar exposure), and may strongly modify the effect of the most

harmful carcinogenic rays. People’s behaviour on sunny days

may be determined by local or national traditions, by fashion,

or personal preference, and these factors may be further asso-

ciated in various time- and age-dependent ways with other

cancer relevant factors, such as smoking, fertility pattern, diet,

physical activity, and occupation—depending on nationality.

In an editorial comment on an earlier study of second pri-

mary cancers following basal-cell carcinomas, Schottenfeld

warned that patterns should be interpreted with caution in

the absence of information on confounders.8 In some coun-

tries, skin cancers are more common in people of high

socioeconomic class, implying that even a complete popula-

tion-based sample of skin cancer patients would represent a

selection.9,10 The risk pattern for other cancers in such a se-

lected group should not be expected to follow the average

population, and clearly these selections and deviations need

not be the same across national borders. The claim that the

differences in cancer risk are related to regional UV doses or

vitamin D levels is not immediately plausible.

The complexity of some group-related differences is illus-

trated by a large registry-based study of cancer in four Nordic

countries (Denmark, Finland, Norway, and Sweden), whose

cancer incidence weigh heavily among the ‘less sunny coun-

tries’ in the Tuohimaa study.2 Andersen and colleagues (1999)

demonstrated marked differences in risk between occupa-

tional groups from the 1970 censuses.11 The largest group of
ges in the number of person-years in a certain age group

Scenario 2

Age < 75 Age P 75b All ages

Observed(S) 47 330 377

Expected(S) 59 180 239

SIR(S) 0.80 1.83 1.58

Observed(L) 1112 1950 3062

Expected(L) 690 1482 2172

SIR(L) 1.61 1.32 1.41

SIR(S) / SIR(L) 0.47 1.48 1.12

n increased.



18 E U R O P E A N J O U R N A L O F C A N C E R 4 4 ( 2 0 0 8 ) 1 6 – 1 8
economically active women, clerical workers, constituting

10% of all women, had increased risks (SIRs) of skin mela-

noma, squamous cell carcinoma of the skin, breast cancer,

colorectal cancer, and lung cancer compared to the back-

ground average. In contrast, the largest group of economically

active men, farmers, constituting 9% of all men, had lower

than expected risks for the very same cancers, inclusive of

the rare male breast cancer.

For some western countries, the striking rise in skin cancer

incidence (melanoma and non-melanoma) over the last

decades has been comparable to that of lung cancer. Both

lung and skin cancers largely result from human choice of

lifestyle, aggressively supported by fashion, commercials,

and movies. Unlike tobacco smoking, the choice of unfavour-

able solar exposure is not influenced by randomly distributed

chemical addiction. The more likely it would appear that un-

healthy behaviour in sunny weather may be associated with a

number of other choices of habits and modern lifestyle that

might increase or decrease the risk of cancer.

For cancer forms with no known or suspected causal factor,

the pattern of second primary cancer could be more informa-

tive. This may involve prostate cancer,12 although differences

in diagnostic pressure within national or regional populations

may severely complicate the interpretation. Many developed

countries have experienced a substantial increase in incidence

rate in the wake of the introduction of tests for prostate spe-

cific antigens (PSA).13,14 The uncertainty and variability linked

to the diagnosis of this cancer might represent a huge problem

for aetiological research for this common disease.

If a general protective effect from sunshine does exist, as

suggested by Tuohimaa and colleagues, it could be extremely

important, as it might affect more than 50% of the cancers

diagnosed in developed countries.2 On the other hand, the

possible absence of such a beneficial effect should call for

more consideration in the choice of message conveyed to the

public, as long as the exposure is known to be carcinogenic

and does affect very large population groups. We would rather

look for studies with individual information on solar exposure,

vitamin D levels, and well-known and relevant risk factors.
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