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Abstract

Migration, latitude and case—control studies have clearly established a link between melanoma and sun exposure. This case—
control study of melanoma was set up to examine the role of sun exposure and sunbeds in the pathogenesis of melanoma in the
United Kingdom (UK), a country with low levels of ultraviolet radiation. The study included 413 cases and 416 controls. More
than 10 severe sunburns compared with less than 10 sunburns was associated with an Odds Ratio (OR) of 1.98 (95% Confidence
Interval (CI) 1.02-3.86) (P=0.04) when adjusted for age, gender and skin type. Sunburns before the age of 15 years were not
associated with melanoma once adjustments for age, gender and skin were made. 31% of women and 16% of the men had used
sunbeds. Sunbed users were younger than non-users (40 years versus 51 years, P<0.0001). Ever use of sunbeds gave an adjusted
OR of 1.19 (95% CI 0.84-1.68) (P=0.33). The risk of melanoma did not increase with increasing hours or years of sunbed expo-
sure. The risk associated with sunbed use was only significant for young individuals with fair skin for whom there was a significant
OR of 2.66 (95% CI 1.66-6.09) (P=0.02) after adjustment for the sun exposure variables. Outdoor occupation and residence in hot
countries were not associated with an increased risk of melanoma. The only significant associations in this study were with 10 or
more sunburns and the use of a sunbed in young subjects with fair skin. Sunbed use is now becoming more prevalent in Caucasian
populations and the results of this study suggest that sunbed usage may moderately affect individuals with sun-sensitive skin types.
However, the magnitude of melanoma risk in association with natural and artificial sun exposure is small compared with pheno-
typic risk factors such as skin type and naevus counts. However, it is possible that the mean lag time of 7 years between exposure to
sunbed and melanoma in this study may have led to an under-estimation of the long-term melanoma risk.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Many epidemiological studies have investigated the
association between sun exposure and melanoma [1].
Latitude and migration studies provide some evidence
that ultraviolet radiation exposure is important in the
pathogenesis of this tumour. The highest incidence of
melanoma occurs in white-skinned peoples living at low
latitudes, in Queensland, Australia as well as Auckland
in New Zealand [2,3] and the age/incidence curves show

* Corresponding author. Tel.: +44-207-9298-9292x2084; fax: +44-
207-704-941.
E-mail address: veronique.bataille@cancer.org.uk (V. Bataille).

0959-8049/$ - see front matter © 2003 Elsevier Ltd. All rights reserved.

doi:10.1016/j.ejca.2003.09.030

gradation in incidence between Australia, the United
States (US) and Europe consistent with this view [4].
However, host factors are crucial in the relationship
between sun exposure and melanoma and the latitude
changes in melanoma incidence are significantly affected
by skin type with a reduced incidence in Southern Eur-
ope [4]. Intermittent sun exposure, especially in child-
hood, appears to be most detrimental, whilst chronic
sun exposure can be associated with diminished risks
especially in good tanners [2,5-9]. Within populations
with low levels of ultraviolet radiation exposure, the
association between melanoma and sun exposure is
more controversial and the public health messages used
in Australia do not necessarily apply in Europe
[6,7,10,11].
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A history of sunburn as a marker of sun exposure also
appears to be linked to melanoma, but this may mainly
reflect the host susceptibility to ultraviolet radiation
(UVR) so that associations between sunburns and mel-
anoma vary depending on the population studied. After
adjustment for skin type, some of the associations with
sun exposure and sunburns often disappear [6,7,11,12].
Furthermore, some studies have found that sunburns in
good tanners and chronic sun exposure can be asso-
ciated with diminished risks of melanoma [7,13]. Rela-
tive risks for melanoma associated with sun exposure
are usually quite moderately raised and comparable in
magnitude or less than to those linked to host factors
such as hair and eye colour so these associations may (in
part) reflect the confounding by the host response to
UVR.

Sunbed exposure has also been linked to melanoma,
although this association is more tenuous and has not
been established. Several case—control studies reported a
small raised risk of melanoma associated with some
aspects of sunbed exposure [14-19], whilst others have
found no such association [6,12,20,21].

This case—control study of melanoma was conducted
in the North East Thames region of the United King-
dom (UK) between 1989 and 1993 to examine the role
of sun and sunbed exposure and naevi in melanoma.
The results regarding the naevus phenotype have been
published elsewhere in Refs. [22,23]. This study reports
on the analyses relating to sun and sunbed exposure
over a lifetime in relation to melanoma risk as well as
the potential associations between the naevus phenotype
and ultraviolet radiation exposure.

2. Patients and methods

413 newly diagnosed melanoma cases aged 16-75
years, diagnosed from August 1989 to July 1993 were
recruited from hospitals and general practices in the
North East Thames region of the UK. The study was
approved by local ethics committees in this region. All
histological subtypes of melanoma were recruited
including melanoma in situ and lentigo maligna. Four
hundred and sixteen controls were recruited from the
same region and over the same period: 282 controls
came from three major hospitals and the remaining 134
controls were recruited from general practices. Controls
were recruited in hospital’s outpatients and general
practices from which the cases were recruited. Controls
with chronic diseases which may have affected their sun
exposure were excluded as well as controls treated with
oral steroids and/or immunosuppressants. Controls
were not recruited from skin clinics as these controls
may have included subjects with skin diseases related to
sun exposure. The total body examination of cases and
controls was always carried out in well-lit clinical

examination rooms and interviews and/or examinations
were never carried out at home. The methods for
recruitment of cases and controls have been described in
our previous publication in Ref. [22].

Data on sun exposure and the use of sunbeds were
collected by trained interviewers using a questionnaire.
For the definition of severe sunburns, cases and controls
were asked: “How many times have you been sunburnt
so badly that you have (i) either developed blistering of
the skin, (ii) been sore for two days or more or (iii) had
peeling of the skin for one week or more?”” The number
of severe sunburns as defined above was recorded in the
following age periods: 0-14 years, 15-24 years, 25-34
years, 35-44 years, 45-54 years, 55-64 years and 65-75
years. Cases and controls were asked how many weeks
per year (excluding long-term residence abroad) they
had spent in hot climates. Weeks abroad were recorded
by age groups (0-9 years, 10-19 years, 20-29 years,
30-39 years, 4049 years, 50-60 years). For residence
abroad, subjects were asked if they had ever lived
abroad in a hot country with summers hotter than in the
UK or in high altitudes for more than 1 month. The
country, the year the residence started, the duration in
months and the number of hours per day when the
weather was hot was recorded. For sunbed exposure,
cases and controls were asked whether they have ever
used sunbeds. If yes, the type of sunbed device was
recorded for each episode of exposure (small ultraviolet
B (UVB) lamp at home, ultraviolet A (UVA) bed at
home, small UVA bed in solarium or beauty parlour or
large UVA bed in solarium or beauty parlour). The
amount of exposure by episode was recorded in weeks
per year and hours per week with a record of the year
the exposure started and stopped. All cases and controls
were examined by one of two dermatologists. All naevi
2 mm or larger in diameter on body sites other than on
the genitalia, the posterior scalp, the female breast and
the soles and palms were counted. Clinically atypical
naevi were also counted. An Atypical Mole Syndrome
(AMS) score was computed as a means of defining an
atypical naevus phenotype, as described elsewhere in
Ref. [24]. This score is based on the allocation of one
point for the each of the following: the presence of 100
or more naevi, two or more atypical naevi, one or more
naevi on the buttocks and/or dorsum of the feet, one or
more naevi on the anterior scalp and one or more naevi
in the iris. The maximum score is therefore 5.

2.1. Statistical methods

Comparisons between the variables were based on a
retrospectively stratified analysis using unconditional
logistic regression as implemented by STATA [25,26].
To control for potential confounding factors, multiple
regression models were fitted. The regression equations
included, when appropriate, terms for age, gender, four
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categories of skin type and sun exposure variables. 95%
Confidence Intervals (Cls) and significance levels were
based on the asymptotic approximation of the estimated
logarithm of the Odds Ratio (OR) and its standard
error. Chi-squared tests for trend were based on the
deviance obtained from the likelihood ratio and one
degree of freedom. Trend tests did not include a sepa-
rate intercept parameter for level zero and were based
on the linear scoring for the groups shown in the tables.
The ORs presented represent the risk associated with an
increase in the variable of interest by one level. Thus,
for an increase of three levels, one should cube the ORs.

3. Results
3.1. Sunburns

In men, 66% of the cases reported at least one severe
sunburn compared with 63% of the controls. In women,
63% of the cases and 61% of the controls reported at
least one severe sunburn. At least one severe sunburn
gave an OR adjusted for age and gender of 1.21 (95%
CI 0.90-1.61) (P=0.2). When further adjusted for skin
type, the OR for any severe sunburn was 1.03 (95% CI
0.71-1.40) (P=0.2). More than 10 severe sunburns
compared with less than 10 sunburns yielded an OR of
1.94 (95% CI 1.02-3.86) (P=0.04) after adjustment for
age, gender and skin type. Mean number of sunburns
was significantly and negatively associated with skin
types (trend P <0.0001) after adjustment for age and gen-
der. The negative association between the number of sun-
burns and skin type was significant in the cases and
controls when analysed separately, but in view of the
greater number of skin type 1 and 2 in the cases, the power
of the negative association was much greater in cases
compared with controls. The mean number of sunburns
was 5.9 in the cases compared with 2.9 in controls
(P<0.0001). However, an increasing number of sun-
burns did not have a significant effect on the melanoma
risk before or after adjustment for skin type (Table 1).
Ever having had a severe sunburn before the age of 15
years was associated with an OR of 1.57 (95% CI 1.09—
2.27) (P=0.01) after adjustment for age and gender, but
the OR was no longer significant when further adjusted
for skin type with an OR of 1.34 (95% CI 0.92-1.95)
(P=0.12). When analysing the data by stratifying into
fair skin types (skin types I and II) and darker skin
types (skin types III and IV), the case—control status
affected the report of sunburns. In cases with darker skin
types, the mean number of sunburns was 6.3 compared
with 2.3 in controls with similar skin types. In subjects
with fair skin, the differences between cases and controls
was not so large: the mean number of sunburns in cases
with fair skin was 5.3 compared with 4.8 in controls. The
mean number of sunburns was also negatively associated

Table 1
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Odds Ratios (ORs) for melanoma in relation to the lifetime numbers

of severe sunburns

Number of ~ Number of OR® (95% CI) ORP (95% CI)
sunburns cases/controls

0 148/159 1 1

1 134/146 1.20 (0.86-1.67) 1.08 (0.77-1.52)
2-3 65/77 1.02 (0.68-1.54) 0.82 (0.54-1.26)
4-5 15/24 0.85 (0.42-1.70) 0.65 (0.32-1.33)
6-9 10/6 1.93 (0.61-6.11) 1.80 (0.56-5.62)
=10 29/15 2.56 (1.33-4.94) 1.94 (0.99-3.80)

2 Adjusted for age and gender; test for trend Chi square (1)=2.25;
P=0.1.

> Adjusted for age, gender and skin type; test for trend Chi square
(1)=0.38; P=0.5.

with age (P <0.0001). Neither naevus number nor the
AMS score were associated with sunburns.

3.2. Exposure to sunbeds

Amongst cases, 28% of the females had ever used
sunbeds compared with 17% of male cases. In controls,
34 and 15% of females and males had ever used sun-
beds, respectively. Age was negatively associated with
sunbed use: in the age group equal to or under 45 years
of age, 42% of the cases and 38% of the controls had
ever used sunbeds compared with 14% of cases and
15% of controls in the age group aged over 45 years.
Ever use of sunbed gave an OR for melanoma adjusted
for age and gender of 1.19 (95% CI 0.84-1.68)
(P=0.33). Further adjustment for skin type and other
sun exposure variables did not affect the results. Table 2
gives the OR for melanoma in relation to the increasing
total numbers of hours exposed to a sunbed before and
after adjustment for the other sun exposure variables.
There was no trend in risk with increasing hours of
exposure. Number of years exposed to sunbeds was
also not linked to melanoma (P=0.4). The mean
number of years from first use of a sunbed to the
development of melanoma was 6.6 years. Age at first
use of a sunbed (P=0.32) and total number of hours

Table 2
Odds Ratios (ORs) for melanoma associated with cumulative lifetime
hours exposed to a sunbed

Number Number of OR* (95% CI) ORP (95% CI)
of hours cases/controls

0 314/306 0 0

1-9 54/54 1.35 (0.87-2.12) 1.37 (0.86-2.10)
10-19 17/17 1.38 (0.69-2.68) 1.43 (0.68-2.98)
20-99 16/10 0.79 (0.34-1.83) 0.76 (0.32-1.78)
>100 19/14 0.92 (0.43-1.91)  0.89 (0.42-1.88)

4 Adjusted for age, gender and skin type.
® Adjusted for age, gender, skin type, cumulative lifetime numbers
of weeks abroad in hot countries and total numbers of sunburns.
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exposed to sunbeds (P=0.53) were not associated with
melanoma. However, the number of subjects exposed to
more than 20 h of sunbeds was only 9% in cases and
11% in controls so the numbers were small. Table 3
shows the mean number of hours exposed to sunbeds in
relation to the number of years of use in cases and con-
trols, respectively, which shows that the mean of 20 h of
sunbed use was already exceeded in subjects who only
used sunbeds for up to 2 years. Amongst cases, sunbed
users had a mean age at diagnosis of melanoma of 40
years compared with 51 years in the non-users, which
reflects the younger age of the sunbed users. The dis-
tribution of skin type and hair colour was similar
amongst sunbed users and non-users. Mean numbers of
naevi was positively associated with the use of sunbeds,
but this only reflected the younger ages in the sunbed
users. Once adjusted for age, gender and skin type, the
association was no longer significant and no trend was
observed in risk of increasing numbers of naevi in rela-
tion to sunbed use (Table 4). AMS scores were not
associated with sunbed use.

We examined whether skin type, hair colour and age
affected melanoma risk in relation to sunbed exposure.
The OR for ever having used a sunbed in fair-skinned
subjects (type I or II) was 1.87 (95% CI 1.01-3.45)
(P=0.04) after adjustment for age and gender com-
pared with 0.95 (95% CI 0.62-1.45) (P=0.73) in sub-
jects with darker-skinned types (types III-V). The OR
for ever having used sunbed, adjusted for age and
gender in subjects with red or blond hair was 1.26

Table 3
Mean number of lifetime hours of sunbed use in relation to number of
years of use in cases and controls, respectively

Number of years Mean number of hours

Cases (numbers) Controls (numbers)

<1 4 (45) 4 (43)
<2 24 (16) 30 (18)
<5 49 (16) 65 (16)
<10 187 (7) 100 (9)
>10 101 (4) 89 (4)

Missing 4 cases and 3 controls.

Table 4
Risk of having large numbers of naevi in relation to ever using sun-
beds in controls only

(95% CI 0.69-2.28) (P=0.44) compared with 1.08
(95% CI 0.70-1.6) (P=0.73) in subjects with brown or
black hair. The OR for melanoma associated with hav-
ing ever used a sunbed in subjects below the age of 45
years was 1.20 (95% CI 0.76-1.90) (P=0.42) compared
with 0.96 (95% CI 0.57-1.61) (P=0.87) for subjects
above or equal to 45 years of age. Table 5 shows the
ORs for melanoma in relation to both skin type and age
group. The risk of melanoma in relation to sunbed use
was only significant in young subjects with fair skin.

The ORs for melanoma were very similar when
examining the two different types or locations of UVA
sunbeds (either UVA bed at home or UVA bed in
solarium/gym/beauty parlour). The use of a UVB lamp
was not associated with an increased melanoma risk,
although the number of subjects using UVB sunlamps
was small. Lentigo maligna melanoma affected 4% of
sunbed users compared with 8% of non-users. There
were no differences in all the other histological subtypes
between sunbed users and non-users. In terms of body
sites, melanoma on the face and arms were more com-
mon in non-users compared with sunbed users, but this
did not reach statistical significance. The larger percen-
tage of facial melanomas and lentigo maligna melano-
mas reflects the older age groups in the non-users.
Melanoma at other sites were comparable between users
and non-users, even when examining sites that are rarely
sun-exposed. Mean thickness was comparable between
sunbed users and non-users (P=0.14). Social class was
not associated with sunbed use after adjusting for age
and gender (P =0.36).

3.3. Residence in a hot country, outdoor occupation and
holidays abroad

Total number of hours worked outdoors in the sum-
mer was 4.7 in cases and 3.9 in controls. Table 6 shows
the risk of melanoma in relation to the numbers of hours
spent working outdoors. There was no significant trend
after adjustment for age, gender and skin type (P =0.5).

Eighteen percent of the cases and 16% of the controls
had spent 12 months or more abroad in hot climates.
Gender and age were associated with residence in hot

Table 5
Odds ratios (ORs) for melanoma in association with ever use of
sunbed use according to skin type and age

Numbers Unadjusted OR® Skin type Age Numbers of  OR? (95% CI) ORP (95% CI)
of naevi Odds Ratio (OR) (years) cases/controls

0-24 1 1 Tand II <45  60/54 2.25 (1.1-5.02)  2.66 (1.16-6.09)
25-49 2.18 (1.28-3.69) 1.49 (0.86-2.67) Iand IT =45  109/57 1.18 (0.47-2.97) 1.16 (0.47-2.92)
50-99 1.82 (0.98-3.34) 1.43 (0.75-2.73) Il and IV <45  83/147 0.90 (0.51-1.59) 0.91 (0.52-1.60)
>100 0.78 (0.25-2.40) 0.48 (0.15-1.55) IIand IV >45 161/153 0.84 (0.44-1.56) 0.85 (0.45-1.61)

Test for trend: unadjusted OR: Chi square: 0.41, P=0.52.
4 Test for trend: OR adjusted for age, gender and skin type. Chi
square=1.21, P=0.3.

2 OR adjusted for gender.
® OR adjusted for gender, number of weeks abroad, total number
of sunburns and number of hours working outdoors.
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Table 6
Trend in risk of melanoma associated with total number of hours
working outdoor in the summer as an adult

Number of No of cases/ Odds Ratio (OR)*
hours outdoors controls 95% CI)

0 238/235 1

1-2 112/136 0.85 (0.62-1.18)
3-6 50/35 1.30 (0.78-2.19)
>6 13/9 0.88 (0.35-2.22)

Test for trend, Chi square (1)=0.29 P=0.59.
2 OR adjusted for age and gender and skin type.

countries: older males had spent the longest time abroad
reflecting time spent in military service. The OR for
melanoma associated with having ever lived in a hot
country for 12 months or more was 0.98 (95% CI
0.67-1.47) (P=0.96). The total number of months spent
living in a hot country was not associated with mela-
noma (test for trend after adjustment for age and gen-
der; P=0.3). The mean number of total weeks on
holiday abroad in hot climates was 31 for cases com-
pared with 32 for controls. The total numbers of weeks
on holiday abroad was not associated with an increased
melanoma risk (test for trend after adjustment for age
and gender; P=0.606).

4. Discussion

This case—control study of melanoma did not find
that exposure to natural or artificial ultraviolet radia-
tion was significantly associated with an increased mel-
anoma risk in the population overall. Only 10 or more
severe sunburns and exposure to sunbeds for young
individuals with fair skin yielded significant, but small
ORs. However, the fact that no dose response was
found for hours and years of exposure to sunbeds, even
in young subjects, suggests that the use of sunbeds at the
levels so far experienced in the study population is unli-
kely to be a major environmental risk factor for mela-
noma. The issue of multiple testing also has to be
addressed. Therefore, the few significant ORs amongst
multiple analyses have to be interpreted with caution.
Host factors are important when analysing risks in
relation to UVR exposure and most associations with
sun and sunbed exposure variables in this study dis-
appeared once adjusted for age and skin type. The lack
of association with sunbed use in this study may also be
explained by the lag time between exposure and risk. As
sunbed exposure has increased dramatically since the
1980s, increased melanoma risk in those exposed may
not yet be apparent. However, the increased risk of mel-
anoma mainly seen in young subjects with fair skin

exposed to sunbeds does not suggest that the lag time is
very long. Study design may also be a potential weakness
when examining the relationship between melanoma and
UVR as complex genetic and environment interactions
are likely and the case—control study design may not be
sensitive enough to detect these. Furthermore, the poor
recall and exposure misclassification may lead to an
attenuation of risk. The data reported here may suggest
the presence of poor recall in view of the inverse rela-
tionship between age and number of sunburns, but this
may be explained by more frequent sunburns in the
younger age groups. The fact that cases with darker skin
types (IIT and 1V) reported almost twice as many severe
sunburns as the controls despite similar skin types may
also suggest the presence of recall bias. In fair skin sub-
jects (I and II), the difference between cases and controls
was not so marked. Alternatively, the data may suggest
that the presence of high numbers of sunburns in cases
is not entirely explained by skin types and that mela-
noma cases are more sun-sensitive, even when skin type
is taken into account. Ever having used sunbeds in this
study was reported in approximately a third of women
and 16% of men, which is similar to levels reported by
surveys carried out in Europe in the 1990s [16,27].
However, most users were infrequent users, as more
than 20 h of use was uncommon. Sunbeds emit variable
doses of UVA and a range of proportions of UVB, with
a session on the sunbed being equivalent to 20-30 min-
utes sunbathing in a Mediterranean resort [28,29]. The
role of UVB in cutaneous carcinogenesis is established
in laboratory and animal models and laboratory data
have also been published which provide evidence for a
role for UVA in the causation of melanoma [30]. Fur-
thermore, UVA has been used to induce melanomas in
two species, the opossum [31] and Xiphophorus [32].
Exposure to UVA sunbeds has been shown to cause
significant DNA damage in the epidermis which can be
compared with that resulting from exposure to natural
sunlight. However, the DNA damage is mostly attrib-
uted to the small amount of energy emitted in the UVB
range [33]. There are therefore reasonable arguments to
support the view that sunbed use may increase mela-
noma risk and that this risk will manifest itself only in
those who have a poor ability to tan.

The relationship between sunbed and melanoma is
tenuous and controversial. However, even in studies
reporting a positive association, adjustment for poten-
tial confounders was not always carried out and the
dose response was not always confirmed, which casts
doubt on the interpretation of the results. Swerdlow and
Weinstock [34] in a review of the published epidemio-
logical literature, concluded that the methodological lim-
itations precluded any conclusion regarding a causative
role for sunbeds in melanoma. In the study reported here,
no dose response was observed when examining years or
cumulative hours of sunbed exposure and sunbed use
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increased the melanoma risk in only one subgroup of
subjects, namely young subjects with fair skin (Fitzpa-
trick skin types I and II). The results presented here are
in keeping with the results of Westerdhal and colleagues
[19] in Sweden, who showed that the greatest risk of
melanoma was found in sunbed users aged less than 36
years. However, the magnitude of the risk in young
subjects was much greater in Sweden (OR of 7.7) com-
pared with our study (OR of 1.3). This increased risk of
melanoma seen mainly in younger sunbed users has also
been reported previously in Refs. [14,15,17].

The increased risk in the younger age groups may be a
reflection of the recent increase in sunbed use which
may have a significant impact on melanoma incidence in
the next 20 years. Sunbed use increased markedly from
the 1980s, and it is possible that the effects of exposure
on the melanoma risk would not have manifested itself
in melanoma in older melanoma cases diagnosed
between 1989 and 1993, which was the time period of
the study reported here. The accuracy of retrospective
UV exposure data is also an issue, but there are no
obvious ways to improve the collection of sun exposure
data over a lifetime. Financial and practical constraints,
as well as mobile populations, mean that cohort studies
prospectively examining and/or measuring sun exposure
patterns over a lifetime are very difficult and good bio-
markers of UV-induced DNA damage are not readily
available. In most studies, the extent of sun exposure is
assessed by recall of episodes of severe sunburns, as well as
repeated and prolonged UVR exposures, but it is not yet
known at what threshold ultraviolet radiation becomes
detrimental in melanoma and what part of the UV spec-
trum is most mutagenic. Retrospective case—control stud-
ies, therefore, may have limited power to dissect the
relationship between UVR exposure and melanoma risk.

Markers of sun exposure have been used to investi-
gate further the link between melanoma and UVR.
Markers of chronic sun exposure such as the presence of
solar elastosis, solar keratoses and p53 staining and/or
p53 mutations have been associated with melanoma in
Australia (especially melanomas of the head and neck)
[35]. However, for individuals with large numbers of
naevi and/or with melanomas of the trunk, markers of
chronic sun exposure do not appear to be substantial
risk factors [35]. This led to some hypotheses that mel-
anoma may result from genetic alterations via a
p53-dependent or p53-independent pathway, the latter
likely to involve the CDKN2A or pl6, gene [37]. The
CDKNZ2A gene is mutated in the germline of up to 25%
of melanoma families worldwide, and has also been
shown to influence the number of common and atypical
naevi [36,37]. Gene—environment interactions are also
likely in the expression of the naevus phenotype, as
naevi are also influenced by sun exposure with higher
numbers of naevi in countries with high levels of sun
exposure such as Australia [38-39]. Two recent twin

studies in the UK comparing total body naevus counts
in monozygotic and dizygotic twins have also shown
that both environmental and genetic factors contribute
to the variance in naevus counts in adults and children
[40,41]. Host factors, such as large numbers of naevi,
are to date much more powerful predictors of mela-
noma risk (with ORs as high as 20) than sun exposure
and/or sun bed exposure and this is also confirmed
using the same study population as the study reported
here [22]. In our study, sunbed users were found to have
higher naevus counts which suggests that sunbeds may
have an effect on the precursor phenotype. However,
once adjusted for age, gender and skin type, this asso-
ciation was no longer significant. In view of the rela-
tively small proportion of sunbed users in this study, a
bigger sample size may be needed to investigate the
effects of sunbed exposure on naevus counts. However,
this study did not find any association between the
mean number of sunburns or mean numbers of weeks
abroad and mean number of naevi.

Ultraviolet radiation is the main known environ-
mental risk factor for melanoma. The overall lack of
association with natural and artificial UV exposure in
the UK may suggest that the average low doses of
ultraviolet radiation in this country are not high enough
to generate significant ORs, but the results still confirm
that subgroups of fair-skinned individuals are particu-
larly ‘at risk’. By understanding which patterns of
exposure to natural and artificial sources of ultraviolet
radiation are most detrimental and which subgroups of
the population are most ‘at risk® when exposed, one
may be able to design better health initiatives for the
primary prevention of melanoma. Collection of large
datasets from case—control, families, sib pairs and twin
studies with detailed phenotypic and sun exposure data
combined with genotyping may help in the future in
dissecting the relative contribution of genes and envir-
onment in the causation of melanoma. The increase in
sun exposure and sunbed use in Caucasian populations
over the last 20 years may also have a significant effect
on the melanoma risk in the years to come, so the true
impact of sunbed exposure is, as yet, uncertain.
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