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To assess the association between the incidence of cutaneous melanoma; intermittent, occupational and total sun
exposure; and history of sunburn at different ages, we conducted a systematic review using results of all published
case-control studies which have assessed incident melanoma,
sun exposure and sunburn. Twenty-nine studies contributed
data on sun exposure and 21 on sunburn. Overall, there was a
significant positive association (odds ratio [OR] 5 1.71) for
intermittent exposure, a significantly reduced risk for heavy
occupational exposure (OR 5 0.86) and a small, marginally
significant excess risk for total exposure (OR 5 1.18). There
was a significantly increased risk with sunburn at all ages or in
adult life (OR 5 1.91) and similarly elevated relative risks for
sunburn in adolescence (OR 5 1.73) and in childhood
(OR 5 1.95). There was significant heterogeneity with all of
these estimates except that of all ages or adult sunburn.
These results show the specificity of the positive association
between melanoma risk and intermittent sun exposure, in
contrast to a reduced risk with high levels of occupational
exposure. The association with sunburn also is likely to reflect
intermittent exposure; the results do not suggest any strong
relationship to age at sunburn. These associations are similar
to those reported for basal cell skin cancer but different from
those reported for squamous cell cancer. The mechanisms by
which intermittent exposure increases risk, while other patterns of exposure do not, remain to be elucidated. Int. J.
Cancer 73:198–203, 1997.
r 1997 Wiley-Liss, Inc.

Sun exposure has been accepted as the main cause of cutaneous
melanoma in humans by reputable groups such as the International
Association for Research on Cancer (1992). However, the evidence
often is described as weak or conflicting. Descriptive epidemiological studies and clinical observations led in the early 1980s to the
hypothesis that melanoma is related specifically to intermittent sun
exposure, in contrast to other types of skin cancer, which were
assumed to be related to continued or chronic exposure (Elwood
and Hislop, 1982; Holman et al., 1983). As randomised trials are
not feasible and cohort studies are contra-indicated by the rarity of
the condition and the lack of documentation on sun exposure, this
hypothesis has been investigated by case-control studies. To date,
35 published case-control studies have reported results on this
topic. We present an overview of these studies.
MATERIAL AND METHODS

Studies were identified by the IARC review up to 1992
(International Agency for Research on Cancer, 1992), Medline,
studies referenced by other studies, proceedings of major conferences and meetings of the International Melanoma Epidemiology
Group (IMAGE). We know of no completed but unpublished
studies, though of course other studies are in progress.
Studies were reviewed independently by each of the current
authors. Results were classified as relating to intermittent, occupational or total sun exposure or to sunburn history. The result used in
the overview analysis is the published odds ratio (OR) for the
highest reported category of the type of sun exposure documented
compared to the reference group chosen by the authors, which was
always the lowest exposure category. Where there was a choice of
outcome variables for intermittent exposure, the variable likely to
represent the most clearly ‘‘intermittent’’ type of sun exposure was
chosen. Most studies had only one measure of occupational
exposure, total exposure or sunburn. Where possible, a measure
was used which was adjusted for demographic factors, such as age

and sex, and for baseline host characteristics, such as ethnic origin,
skin pigmentation and inherent tendency to burn or tan easily. Such
a measure was used in preference to measures adjusted for factors
which themselves could be related to sun exposure, such as number
of naevi or sunburn history. The 95% confidence intervals (95%
CIs) were those published by the authors or, when necessary, those
which could be calculated from the published data. Most results
were for all subjects, combining the sexes; some studies reported
results separately by gender or body site with no combined data and
were used in that form.
The overview analysis was based on the confidence interval
method to give a summary estimate of ORs and 95% CIs, and a
standard heterogeneity test was applied (Petitti, 1994). Thirty-five
studies, based on 9,121 incident melanoma cases, which assessed
sun exposure or sunburn were used in the analysis (several with
more than one publication). One (Paffenbarger et al., 1978) was a
study ‘‘nested’’ within a defined cohort but used mortality data and,
therefore, was excluded. Studies had to be excluded if no OR or
95% CI result was published or could be calculated from the
information provided; this applied to only a few results.
RESULTS

There were 29 case-control studies identified with data on sun
exposure.
Intermittent exposure
Twenty-three studies (6,934 cases) provided information on a
measure of intermittent exposure, in terms of a specific recreational
or vacation exposure, yielding an overall OR of 1.71, with 95% CIs
of 1.54–1.90 (Table I). There were 26 data sets used as one study
(Chen et al., 1996) presented data for 4 anatomical subsites, but no
total body estimates were given, though there were no significant
differences in the subsite-specific estimates. Another publication
(Berwick et al., 1996) reported on the same cases but in much less
detail and, therefore, was not included. A positive association was
observed individually in 21 of the 23 studies, being statistically
significant in 16. One study showed a significant reduction in risk.
There was significant heterogeneity (x2 5 74.5, df 5 25, P , 0.001)
due to the studies with outlying ORs of 0.62 (MacKie and
Aitchison, 1982), 0.79 (Holly et al., 1995) and 8.42 (Grob et al.,
1990). Exclusion of these reduced the heterogeneity (x2 5 29.4,
df 5 22, p . 0.1) with a modest increase in the overall OR (1.87,
95% CI 1.67–2.09).
Occupational exposure
Twenty studies (6,517 cases and 23 data sets) provided information on occupational exposure, giving an overall OR of 0.86, a
small protective effect which was significant (95% CI 0.77–0.96;
Table I). There was significant heterogeneity (x2 5 69.7, df 5 22,
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TABLE I – RESULTS OF CASE-CONTROL STUDIES ON SUN EXPOSURE AND CUTANEOUS MELANOMA
Reference

Klepp and Magnus* (1979)
Adam et al.* (1981)
Mackie and Aitchison (1982)
Lew et al. (1983)
Rigel et al. (1983)
Elwood et al. (1985)
Graham et al. (males) (1985)
Graham et al. (females) (1985)
Sorahan and Grimley (1985)
Dubin et al. (1986)
Elwood et al. (1986)
Green et al. (1986)
Holman et al. (1986)
Cristofolini et al. (1987)
Østerlind et al. (1988)
Zanetti et al. (1988)
Garbe et al. (1989)
Beitner et al. (1990)
Dubin et al. (1990)
Grob et al. (1990)
Zanetti et al. (1992)
Zaridze et al. (1992)
Herzfeld et al. (1993)
Autier et al. (1994)
Nelemans et al. (1994)
Westerdahl et al. (1994)
White et al. (1994)
Holly et al. (females only) (1995)
Ródenas et al. (1996)
Chen et al. (head/neck) (1996)
Chen et al. (upper limb) (1996)
Chen et al. (lower limb) (1996)
Chen et al. (trunk) (1996)
Summary ORs
Number of studies
Number of cases
After excluding heterogenous results
(see text)
Summary ORs
Number of studies
Number of cases

Place

Norway
UK
Scotland
USA
USA
Canada
USA
USA
UK
USA
UK
Australia
Australia
Italy
Denmark
Italy
Germany
Sweden
USA
France
Italy
USSR
USA
Belgium, France
and Germany
Netherlands
Sweden
USA
USA
Spain
USA
USA
USA
USA

Intermittent exposure
Cases

OR (95% CI)

78
111
113
111
114
595

2.4 (1.0–5.8)
1.5 (0.9–2.5)
0.6 (0.2–1.2)
2.5 (1.1–5.8)
2.4 (1.2–5.0)
1.7 (1.1–2.7)

58
1091

6.5 (1.0–42.0)
1.7 (1.2–2.3)

183
267

1.9 (0.5–7.4)
1.1 (0.7–1.8)

474

1.8 (1.2–2.5)

523
280
207
256
96
324
420

1.8 (1.2–2.6)
1.5 (1.0–2.4)
8.4 (3.6–19.7)
2.3 (1.4–3.8)
3.4 (0.6–17.4)
2.0 (1.3–3.3)
6.1 (1.8–20.3)

128
400

2.4 (1.3–4.2)
1.2 (0.8–1.8)

452
105
85
101
97
265

0.8 (0.6–1.1)
4.9 (2.2–10.9)
2.6 (1.2–5.6)
2.4 (1.2–4.8)
2.7 (1.2–5.8)
2.7 (1.6–4.5)
1.71 (1.54–1.90)

23
6,934

Occupational exposure
Cases

OR (95% CI)

OR (95% CI)

78

1.4 (0.6–3.5)

113

0.4 (0.1–0.7)

595
218

0.9 (0.6–1.5)
0.7 (0.3–1.3)

114
595
218
186

1.6 (1.0–2.6)
1.2 (0.7–2.0)
0.5 (0.2–1.0)
0.6 (0.3–1.1)

1096
83

2.5 (1.4–4.4)
1.7 (0.3–8.6)

1087

1.1 (0.8–1.6)

121
494
103

2.3 (0.9–6.1)
0.7 (0.4–1.1)
0.6 (0.4–1.0)

277
207

1.7 (1.1–2.8)
3.8 (2.2–6.5)

256

0.9 (0.5–1.6)

100

5.4 (2.4–12.0)

103
474
73
200
523
283
207

0.9 (0.5–1.7)
0.7 (0.5–0.9)
2.1 (0.6–6.8)
5.5 (1.2–25.3)
0.6 (0.4–1.0)
1.8 (0.9–4.0)
2.5 (1.2–5.1)

321
420

0.7 (0.5–1.0)
0.3 (0.1–0.9)

400
256
452
100
81
96
92
253

0.8 (0.6–1.0)
0.6 (0.3–1.2)
0.8 (0.5–1.5)
3.7 (1.7–7.5)
0.5 (0.2–1.1)
0.6 (0.2–1.1)
0.3 (0.1–0.9)
0.9 (0.6–1.3)
0.86 (0.77–0.96)

20
6,517

1.87 (1.67–2.09)
20
6,162

Total exposure
Cases

1.18 (1.02–1.38)
11
3,540

0.76 (0.68–0.86)
16
4,914

1.20 (1.00–1.44)
7
2,944

OR, odds ratio for maximal category; CI, confidence interval.
*Data calculated by Armstrong (1988).

p , 0.001). In individual results, 8 studies showed increased ORs,
statistically significant in 4 instances; 12 studies showed reduced
ORs, significant in 4. The results fall into 2 groups. The studies
contributing to the heterogeneity were the 4 showing the highest
ORs (Dubin et al., 1986; Grob et al., 1990; Garbe et al., 1989;
Ródenas et al., 1996). These showed a significantly increased OR
of 2.86 (95% CI 1.98–4.13; heterogeneity x2 5 1.6, df 5 3,
p . 0.5). Their exclusion left 16 studies, 19 data sets, showing a
significantly reduced OR (0.76, 95% CI 0.68–0.86; heterogeneity
x2 5 22.2, df 5 18, p . 0.1).
Comparison of intermittent and occupational exposure
To compare intermittent and occupational exposure, the 14
studies providing estimates on both were selected (5,605 cases).
They showed a significantly elevated OR for intermittent exposure
of 1.67 (95% CI 1.48–1.88) and a significantly reduced OR for
occupational exposure of 0.85 (95% CI 0.76–0.96), though there
was significant heterogeneity in both estimates. Two studies (Grob
et al., 1990; Ródenas et al., 1996) contributed to the heterogeneity
of both, while 2 (MacKie and Aitchison, 1982; Holly et al., 1995)
were heterogenous for intermittent exposure and one (Dubin et al.,
1986) for the occupational estimate. Exclusion of these 5 still left
an overall increased risk for intermittent exposure (OR 1.86, 95%

CI 1.60–2.16) and a decreased risk for occupational exposure (OR
0.76, 95% CI 0.66–0.86).
Total sun exposure
Eleven studies (with 12 data sets as one study reported on males
and females separately, 3,540 cases) gave data on total sun
exposure, giving an overall marginally significant OR of 1.18 (95%
CI 1.02–1.38). Seven studies showed increased ORs, significant in
4, while 4 studies (5 data sets) showed decreases, significant in 2.
Again, there was significant heterogeneity (x2 5 62.1, df 5 11,
p , 0.001) due to 2 studies with high ORs (Grob et al., 1990;
Ródenas et al., 1996) and 2 with low ORs (Graham et al., 1985;
Cristofolini et al., 1987). Excluding these gave an overall OR of
1.20 (95% CI 1.00–1.44) with no significant heterogeneity over 7
studies (x2 5 11.3, df 5 6, p . 0.05).
Sunburn in adult life or lifelong
Nineteen studies with 23 data sets (4,771 cases) (Table II) gave
information on the association with a previous history of sunburn
either at any age or in adult life. These yielded a significant overall
OR of 1.91, 95% CI of 1.69–2.17. Each of these studies showed an
increase in OR, it being significant in 14. Heterogeneity was not
significant (x2 5 25.8, df 5 22, p . 0.25).
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TABLE II – RESULTS OF CASE-CONTROL STUDIES ON SUNBURN AND CUTANEOUS MELANOMA
Reference

MacKie and Aitchison (1982)
Lew et al. (1983)
Elwood et al. (1984)
Green et al. (1985)
Elwood et al. (1986)
Holman et al.* (1986)
Cristofolini et al. (1987)
Holly et al. (1987)
Østerlind et al. (1988)
MacKie et al. (males) (1989)
MacKie et al. (females) (1989)
Weinstock et al. (1989)
Dubin et al. (1990)
Elwood et al. (1990)
Grob et al. (1990)
Zanetti et al. (1992)
Dunn-Lane et al. (1993)
Autier et al. (1994)
Westerdahl et al. (1994)
Holly et al. (females only) (1995)
Ródenas et al. (1996)
Chen et al. (head/neck) (1996)
Chen et al. (upper limb) (1996)
Chen et al. (lower limb) (1996)
Chen et al. (trunk) (1996)
Summary ORs
Number of studies
Number of cases
After excluding heterogenous results
(see text)
Summary ORs
Number of studies
Number of cases

Place

Scotland
USA
Canada
Australia
UK
Australia
Italy
USA
Denmark
Scotland
Scotland
USA
USA
UK
France
Italy
Ireland
Belgium, France
and Germany
Sweden
USA
Spain
USA
USA
USA
USA

All ages/adult
Cases

113

OR (95% CI)

Adolescence
Cases

OR (95% CI)

Childhood
Cases

OR (95% CI)

2.8 (1.1–7.4)
111

183
83
507
103
121
474
99
181
123
132
195
207
254
100
420

2.4 (1.0–6.1)
3.2 (1.7–5.9)
1.7 (1.0–2.9)
1.2 (0.7–2.1)
4.4 (1.9–10.0)
3.0 (1.6–5.4)
7.6 (1.8–32.0)
2.3 (0.9–5.6)
1.1 (0.6–2.3)
1.6 (1.0–2.6)
1.8 (0.9–3.7)
3.7 (1.8–7.9)
1.5 (0.8–2.7)
1.9 (1.1–3.3)
1.9 (1.2–2.5)

376
452
105
84
100
96
263

1.9 (1.2–3.1)
2.0 (1.1–3.8)
2.4 (1.1–5.1)
1.9 (1.0–3.4)
1.5 (0.8–2.6)
1.7 (0.9–3.0)
1.6 (1.0–2.3)
1.91 (1.69–2.17)

19
4,771

2.1 (1.2–3.6)

103

0.7 (0.4–1.2)

474

2.4 (1.6–3.6)

124

1.9 (1.1–3.4)

195

1.0 (0.6–2.0)

367
452

1.6 (1.0–2.5)
2.4 (1.6–3.5)

595

1.3 (0.9–1.8)

507

1.2 (0.6–2.3)

474

3.7 (2.3–6.1)

187

2.4 (0.8–7.3)

248

6.5 (3.4–12.3)

420

1.5 (1.0–2.3)

339
452
105

1.6 (1.0–2.6)
2.0 (1.4–2.9)
3.6 (1.5–8.4)

1.73 (1.44–2.07)
7
1,826

NS heterogeneity

1.95 (1.66–2.31)
9
2,732

1.95 (1.60–2.36)
5
1,723

1.62 (1.35–1.95)
7
2,010

OR, odds ratio for maximal category; CI, confidence interval; NS, not significant.
*Data calculated by Armstrong (1988).

Sunburn in adolescence
Seven studies (1,826 cases) specifically reported on sunburn in
adolescence, i.e., approx. age 12 up to 20 years, with an overall OR
of 1.73 (95% CI 1.44–2.07); 6 studies showed increased risks,
significant in 5. Heterogeneity (x2 5 20.0, df 5 6, p , 0.01) was
mainly due to one study with a low OR of 0.70 (Cristofolini et al.,
1987); with this excluded, the overall OR was 1.95 (95% CI
1.60–2.36; heterogeneity x2 5 7.5, df 5 5, p . 0.25).
Sunburn in childhood
Nine studies (2,732 cases) reported specifically on childhood
sunburn, giving an OR of 1.95 (95% CI 1.66–2.31); an increased
risk was seen in each study, significant in 5. Heterogeneity
(x2 5 31.6, df 5 8, p , 0.001) was due primarily to the ORs of 6.5
and 3.7 in 2 studies (Zanetti et al., 1992; Østerlind et al., 1988);
exclusion of these gave an overall OR of 1.62 (95% CI 1.35–1.95),
with no significant heterogeneity (x2 5 11.6, df 5 6, p . 0.05).
Heterogeneity
Table III summarizes the overall results and the studies which
gave results showing heterogeneity with the overall summary
estimate of each association. For intermittent exposure, 1 study had
a higher and 2 a lower OR than the summary result. For
occupational exposure, there are 4 studies giving ORs considerably
higher than the summary result for the remaining 14 studies. For
total sun exposure, 2 studies gave lower and 2 gave higher ORs
than the summary estimate. For adult or lifetime sunburn, there was
no significant heterogeneity. For adolescent sunburn, 1 study gave a
lower OR than the others; for the association with childhood
sunburn, 2 studies gave ORs considerably higher than the summary
value for the other 7 studies.

DISCUSSION

Our report is based on an analysis of the published data from 35
studies. A meta-analysis based on the original data from each study
would be much more informative but is an extremely challenging
task. Meta-analyses of melanoma case-control studies, restricted to
the major studies, have been published for family history and for
the number of naevi as risk factors (Bliss et al., 1995; Ford et al.,
1995); work on a meta-analysis of sun-exposure variables is
continuing (Coldman and Gallagher, 1993). It is, however, extremely difficult as the data items assessed as sun exposure and the
methods of recording and coding the data vary between studies.
Moreover, unlike other exposures, such as diet, the physical dose of
solar radiation received from a given exposure will vary with
geographical location and the absorbed dose will vary with
personal skin characteristics as well as clothing (Elwood and
Diffey, 1993; Diffey and Elwood, 1994).
The overview analysis of these case-control studies is dependent
on the choice of results used. We chose the measure of exposure
which appeared to fit most clearly the definition of either intermittent, occupational or total sun exposure and of sunburn, and we
used the result for the most extreme category from each study. For
example, from Holman et al. (1986) we used swimming rather than
boating or fishing as the index of intermittent exposure; from Autier
et al. (1994) we used time on vacation with sunbathing, rather than
time on vacation without sunbathing. In the former study, the
alternative measures gave higher ORs; in the latter study, the
alternative OR was lower. Where there was a choice of result with
different degrees of control for confounders, we selected results
which were controlled for the major true confounders, such as
demographic and fixed host factors, but not over-controlled by
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TABLE III – SUMMARY OF RESULTS OF OVERVIEW, WITH HETEROGENOUS RESULTS
Exposure

Intermittent exposure
Number of studies
Number of cases
OR
Studies

Summary result
excluding outliers
(95% CI)

Low results

2
565
0.75
MacKie and Aitchison (1982)
Holly et al. (1995)

Occupational exposure
Number of studies
Number of cases
OR
Studies

20
6,162
1.87
(1.67–2.09)
16
4,914
0.76
(0.68–0.86)

High results

1
207
8.42
Grob et al. (1990)
4
1,603
2.86
Dubin et al. (1986)
Garbe et al. (1989)
Grob et al. (1990)

Total exposure
Number of studies
Number of cases
OR
Studies
Sunburn: adult/lifetime
Number of studies
Number of cases
OR
Studies
Sunburn: adolescence
Number of studies
Number of cases
OR
Studies
Sunburn: childhood
Number of studies
Number of cases
OR
Studies

2
289
0.56
Graham et al. (1985)
Cristofolini et al. (1987)

7
2,944
1.20
(0.00–1.44)

2
307
4.23
Grob et al. (1990)
Ródenas et al. (1996)

19
4,771
1.91
(1.69–2.17)
1
103
0.70
Cristofolini et al. (1987)

adjustment for factors which themselves may be related to sun
exposure. While we believe our choice of measures is defensible,
for many studies results from other measures of sun exposure could
have been selected. We assessed the overall risk ratios using these
alternative measures; for each category of sun exposure, these did
not produce substantially different results from those shown.
There was statistically significant heterogeneity in regard to
most of the exposure measures used, when all results were
included. For occupational exposure and childhood sunburn,
several studies gave results with considerably higher ORs than the
overall summary estimate. This may indicate that these higher
results are valid for those study populations or that those studies
may have some advantages over the others. Review of the methods
of all studies did not reveal any particular characteristics of the
studies which gave disparate results, which would clearly explain
them. The measurement of sun exposure is extremely complex, and
there are no accepted definitions of different types of exposure,
different categorizations of level of exposure or even consistency
on the use of particular reference groups. If, e.g., there is a true
positive relationship with a certain type of exposure, the size of the
association seen will be increased if the measure used is a closer
indicator of the exposure of biological importance, if the degree of
non-differential misclassification error is less, if the reference
group used is more extreme towards the low end of the scale, if the
maximum exposure category is more extreme or if confounding
effects are dealt with in a different way. Analysis of the original
data from the studies may help to deal with some of these issues.
The ideal solution would be to conduct new studies using
compatible protocols in different populations with different levels
of sun exposure, using agreed upon definitions and methods of

6
1,723
1.95
(1.60–2.36)
7
2,010
1.62
(1.35–1.95)

2
722
4.55
Østerlind et al. (1988)
Zanetti et al. (1992)

ascertainment. Such approaches would require a major investment
in internationally co-ordinated studies.
The overview analysis shows a significant positive association
between cutaneous melanoma incidence and high levels of intermittent solar exposure; this is clear both in the overview result and in
the results of the great majority of the individual studies. The
variation in ORs is likely to be related to the considerable variation
in the choice of measures of intermittent exposure. The results
confirm those of the most powerful individual studies, in Canada,
Europe and Australia, which have reported both general measures
of intermittent exposure and results for many specific recreational
activities and for vacations (Elwood et al., 1985; Holman et al.,
1986; Østerlind et al., 1988).
In contrast, the overall result for occupational exposure shows a
small, though significant, reduction in risk. Occupational exposure
in general should be easier to document than intermittent exposure,
so this provides strong evidence against there being a clear increase
in risk at maximum levels of occupational exposure. The best way
to assess the contrast between intermittent and occupational
exposure is to concentrate on the studies which provide estimates
of both as this brings some consistency to the choice of measures
used by the authors and the study methods; this comparison also
shows a significant increase in risk with intermittent exposure, and
a significant decrease in risk for occupational exposure. More
detailed analysis of some of the individual large studies suggests
that the association with occupational exposure may be non-linear,
with an increase in risk related to small amounts of occupational
exposure and a decrease in risk with long continued heavy
exposure (Elwood et al., 1985). The first component of this may be
due to intrmittent exposure related to small amounts of outdoor
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work, and the decreased risk at high exposures may suggest that a
constant solar irradiation pattern results in an adequate protection
mechanism and ultimately in a decreased risk. We were not able to
assess this more subtle issue of dose response to occupational
exposure in the overview analysis.
If intermittent exposure increases risk and long-term occupational exposure is neutral or decreases risk, it is understandable that
the association with total sun exposure is weaker than with
intermittent exposure, as seen here. One large study in Queensland,
Australia, shows a strong positive effect of total exposure, with a
similar result for intermittent exposure, and the conclusion that
intermittent and occupational exposures could not be distinguished
clearly (Green et al., 1986). This study relates to a white population
in the highest solar exposure environment of any of the studies
which have been done and suggests that at very high exposure
levels the distinction between an intermittent and a chronic
exposure pattern is lost. Similar results are seen in 2 European
studies, in southern France (Grob et al., 1990) and Spain (Ródenas
et al., 1996). The overall conclusion of a positive association with
intermittent exposure and a protective or uncertain result for
occupational and total exposure is consistent with the detailed
results of large studies in moderate-incidence areas, such as
Denmark (Østerlind et al., 1988) and Canada (Elwood et al., 1985).
The current result is also consistent with a previous, more limited
meta-analysis of published studies (Nelemans, 1993) and preliminary work being carried out using the original data from major
studies (Coldman and Gallagher, 1993).
A clear and significant positive association is seen with a history
of sunburn. Sunburn is caused by unaccustomed severe sun
exposure and is, therefore, another indicator of an intermittent
exposure pattern. The strength of the association is similar to that of
intermittent exposure. The ORs for sunburn in childhood (1.95), in
adolescence (1.73) and in adulthood or lifelong (1.91) are similar,
though a comparison of ORs for different exposure variables needs
to allow for differences in reliability of the questions used. No
major studies have reported on the reliability or reproducibility of
measures on sun exposure; Westerdahl et al. (1996) showed that the
reproducibility of responses on sunscreen use and history of
sunburn was somewhat lower than for the use of sunbeds or ever
having had freckles. Other studies of reliability deal with sunburn,
freckling and ability to tan (Berwick and Chen, 1995; Weinstock et
al., 1991). No clear difference is seen when the individual results of
studies reporting measures at different ages are assessed (Table II).
No major difference in effects by age was seen in another recent
review of sunburn exposure (Whiteman and Green, 1994).

Thus, these results are consistent with the intermittent exposure
hypothesis, that cutaneous melanoma is increased primarily by
intermittent unaccustomed sun exposure. The summary results,
after the exclusion of heterogenous results, also show a small
increase in risk with total sun exposure and a reduction in risk with
occupational exposure.
Increased melanoma risk is strongly related to the number of
naevi, and naevi are increased in populations and in individuals
with high levels of sun exposure (Armstrong and English, 1988).
The mechanism for the associations between sun exposure and
melanoma remains unknown but may relate to the induction and/or
transformation of naevi. It seems likely that the neutral or
protective effect of heavy chronic exposure is related to protective
mechanisms such as tanning and skin thickening, but this may not
be the total explanation. While all the evidence suggests that it is
the UV portion of the solar spectrum which is relevant, the
contribution of specific wavelength bands and the action spectrum
for melanoma induction in humans remains unknown, and the only
non-human models are in species very different from humans
(International Agency for Research on Cancer, 1992). However,
while this mechanism still requires exploration, the empiric
evidence that intermittent exposure is a major factor in melanoma
production appears clear. The associations with intermittent exposure and sunburn give scientific justification for programmes to
reduce individual sun exposure, by concentrating on the reduction
of intermittent unaccustomed exposure.
There is now substantial evidence that intermittent sun exposure
is the major causal factor in basal cell skin cancer, with major
studies showing little or no evidence for a relationship with chronic
or total sun exposure (Kricker et al., 1995a,b). Squamous cell skin
carcinoma, however, does appear to be related to total chronic sun
exposure (Strickland et al., 1989). The contrast between the
different associations with melanoma and basal cell carcinoma, as
compared to squamous cell carcinoma, may be a fruitful area for
further work. In particular, if the lack of positive association
between chronic exposure and melanoma and basal cell carcinoma
is due to protective mechanisms in the skin, the failure of such
mechanisms to protect against squamous cell carcinoma needs to
be explained (Armstrong and Kricker, 1996).
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ZARIDZE, D., MUKERIA, A. and DUFFY, S.W., Risk factors for skin melanoma
in Moscow. Int. J. Cancer, 52, 159–161 (1992).

