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Abstract While alcohol consumption is known to
increase the risk of several types of cancer, evidence
regarding the association between alcohol and melanoma is
inconclusive. This pooled analysis was conducted to
examine total alcohol consumption (grams per day), and
type of alcohol consumed (beer, wine, beer and wine
combined, and liquor) in relation to melanoma among
women using original data from eight completed case—
control studies (1886 cases and 2113 controls), with
adjustment for the potential confounding effects of sun
exposure-related factors. We found a positive association
with ever consuming alcohol [adjusted pooled odds ratio
(pOR) 1.3, 95 % confidence interval (CI) 1.1-1.5].
Specifically the pORs were 1.4 (95 % CI 1.1-1.8) for wine,
1.1 (95 % CI 0.9-1.5) for beer and 1.2 (95 % CI 1.0-1.4)
for liquor. However, the pOR for the highest fourth of
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consumption compared with never consumption was 1.0
(95 % CI 0.7-1.3) without evidence of a trend with
increasing amount of total alcohol, or separately with
amount of beer, wine or liquor consumed. Stratifying by
anatomic site of lesion, number of nevi, age group, or
histologic subtype did not alter these results. Although the
results showed a weak positive association between ever
consuming alcohol and melanoma occurrence, our findings
do not provide strong support for the hypothesis that
alcohol consumption plays a role in the development of
melanoma in women.

Keywords Alcohol drinking - Melanoma - Skin
neoplasms - Case—control studies - Epidemiology

Introduction

Melanoma is a potentially fatal skin cancer with increasing
incidence for several decades in most white populations
worldwide. It is estimated that over 232,000 new cases of
melanoma occurred in 2012 worldwide with more than
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250,000 cases expected in 2015 [7]. The major environ-
mental cause of melanoma is excessive exposure to ultra-
violet (UV) radiation [19]. Given the consumption of
alcohol increases the risk of developing several cancers,
including a range of gastro-intestinal cancers [39], alcohol
may also be related to the development of melanoma. The
proposed mechanism is that the consumption of alcohol
may exacerbate the production of oxidative stress. This
process results in DNA damage and carcinogenesis by
increased photosensitivity and compromised antioxidant
defense mechanisms of the skin [30]. However, epidemi-
ological evidence for an effect of alcohol consumption on
the risk of melanoma remains inconclusive. This is despite
suggestive findings from a recently published systematic
review and meta-analysis where 14 case—control and two
cohort studies of alcohol consumption and melanoma risk
were identified [29]. Meta-analysis of their data suggested
that people who had consumed any alcohol had a signifi-
cant 20 % increased risk of melanoma compared with
those who never had consumed alcohol. However, this
significant association was seen mainly in women and the
overall results of the meta-analysis when restricted to
studies that had adjusted for sun exposure showed no sig-
nificant association [29]. Thus the observed positive asso-
ciation may have been confounded by sun exposure.

In order to clarify whether there is an association
between alcohol consumption and melanoma independent
of sun exposure, we conducted a pooled analysis using the
original data from eight completed case—control studies of
melanoma in women. These studies had collected detailed
information about both sun exposure and alcohol con-
sumption. Our analyses also extend previous investigations
by including amount of alcohol consumption, histologic
subtype and anatomic site.

Materials and methods

This study was restricted to women because the original
primary aim of the collaboration was to examine the effects
of reproductive factors and sex hormones on the risk of
melanoma. A detailed description of the general methods
used in our collaborative analyses is provided elsewhere
[20, 33]. Briefly, we analyzed studies completed before
July 1994 that included melanomas diagnosed both as
inpatients and outpatients, had collected data through a
personal interview on important risk factors for melanoma
(i.e., pigmentary traits and sun exposure history), and
included at least 100 women with melanoma and 100
women controls. A total of 12 case—control studies were
available [2, 6, 10, 12, 16, 17, 21, 24, 27, 32, 34, 40], but
four were excluded from this analysis because information
on alcohol consumption was not collected [16, 34, 40] or
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was no longer available [17]. Descriptive statistics for each
of the variables used in the pooled analysis were compared
with published results and provided to the original study
investigators to ensure their accuracy. Six of the eight
studies included in the pooled analyses were population-
based [10, 12, 21, 24, 27, 32]; the remaining two [2, 6]
were based in hospital/clinic settings (Table 1).

Study variables

Although measurement of alcohol use varied across stud-
ies, all had categorized alcohol consumption by drinks per
day, per week, or per month. Thus drinks per day was our
main variable for analysis of current alcohol intake, and
was expressed as grams of alcohol per day, standardized to
the portion size and alcohol content specific to each study
and its locale [15, 35]. This approach is used routinely in
epidemiologic studies of alcohol and health outcomes [38].
Data specific to beer and wine consumption were available
for five studies [2, 10, 12, 21, 27]. One study asked
specifically about beer and wine consumption combined
[24]. To include these data with the rest, we created a beer
plus wine intake variable and calculated the combined
alcohol from both beer and wine from the five other studies
with available data [2, 10, 12, 21, 27]. The information on
liquor consumption was available from six studies [2, 10,
12, 21, 24, 27].

Participants were classified by alcohol consumption
status (“never” or “ever”) and dividing consumption
levels into equal fourths. We also assessed the risk of
melanoma separately for each type of alcohol, and these
consumption levels were categorized into equal thirds. The
non-consumption category was used as the referent group.

We also examined variables that could potentially
modify or confound the analysis of alcohol-related factors
and melanoma risk namely educational level; hair, eye and
skin color; freckling; family history of melanoma in a first
degree relative; skin reaction to acute sun exposure; indoor
tanning exposure, or outdoor sunbathing [20]. Level of
education was categorized into: grade/high school, college,
or graduate school, except two studies [21, 27] that inclu-
ded a category for technical school. We used the classifi-
cation scheme developed for earlier pooled analyses for
hair color, eye color and family history of melanoma [3, 9].
Skin reaction to acute sun exposure was categorized into
three groups (never burn, burn then tan, or always burn).
Information on the number of nevi was dichotomized as
“none” or “any” as the definition and method to assess
nevi differed greatly across studies, and categorical anal-
ysis resulted in insufficient numbers in each cell to
undertake analyses. We selected the sun exposure-related
factors most strongly associated with melanoma risk within
each study i.e., history of sunburns [2, 6, 12, 32], history of



821

Arch Dermatol Res (2015) 307:819-828

oejur [oyod[e uo ejep Surssiu Pim syuedionted apnjoul S[ONUOD pue SISED JO JoqUINU Y],

MITATUI
yuowr 12d J0nbi[ 10 A119ys JO SSSB[S pue duIm JO uoszad (% 26)
Sosse[S ‘109q JO SO[30q pIepuels 3[() JO IJequinu ‘yjuour oSe ur :paseq (% 18) AnsiSax yrewuaq (6,-02) [L2] Te 1
1od 90u0 IsE9[ T8 JONbI[ JO QUIM ‘199q NULIP JUALIND) ‘wnyens -uone[ndoq  I1oysi3ar uopendod I00URD) 9€G/08T Ised 68612861 PUI[IISQ
MITAIUI
oSe Q0ouapISaI uoszad (% 6L) vSn
SIBA G Inoqe yoom 1od syurip Jonbi] pue (paurquoo) ‘Kyrotuyo ur :paseq ordures Ansi3oy ‘eruIojIfe) (§9>) [¥2] ‘18 10
QUIM + 193q pIepuels S[) JO Ioquinu ([OYOJ[e YULIp IoAF  ‘oSe ‘sired -uonendog pooyioqySroN I00UBD) 99¢/IHE  ‘so[PSuy SOT  €861-8L61 zloy3ue|
MITAIOIUL
Ajunod quoydore) (% 08)
Yoam ‘age ‘paseq (% 08) Burrerp Ansi3ar vsn (s9-s0 Dl e
Iod syunIp Jonbi] pue ouIm ‘109q pIepuels S JO JOqUINN ‘wnyens -uonerndog 31S1p wopuey hebliizg) SPI/LTT VM OMeoS  /861—+861  omedyary
MITAIUI
jnoq 1od syuLp uoszad (% L6)
Jonbr] pue ourm ‘109q pIepuels Uelensny Jo Ioqunu Q0UpISaI ur :paseq (% T6) SOTI0JBIO0qE] eIeNSnyY (18-S1) [z1]
pue Aouanbaiy ©yoom 1od 90UO ISBI[ JB [OYOJ[R JULIP JoAY ‘9T ‘sired -uonendod  [[0I [BIOIOQ[ LIS A3oroyreq PII/IT  ‘pueisueond)  (0861—-6L61 T 19 USAID
MITAIUI
Joom uosiod (% 69) (% 88)
Jod syuLp Jonbi] pue suim ‘199q pIepue)s UBIpEUE)) douraoxd ur :paseq s19qLIOSqQns saLnsISar epeue) (6L-02) [01] Te 10
Jo 1oqunu ‘uondwnsuod JUSIIND {[OYod[e YULIP I9AT  ‘oSe ‘sired -uonjendog ueyd [edIpo] I00UB)) 19€/19€ UIASOM 18616161 1oySeen
MOITAIOUL
LIsIp uosred (% 8L) (% 16)
‘reak ur :paseq syuonedino pue SoLI0)JeIOoqR] puejSug (6L-02) [9] Te 10
Yoom 1od SYULIp pIepuels 3 Jo JoquinN - YMIq ‘srmeq  -oruro/edsoy  syuonedur reidsoq ASoroyed 6ET/6ET ‘SPUBIPIINL 98611861 PooMmg
MITAIUI
uoszod (% 6°SL)
ur :paseq (% 0L) Surerp Ansi3a1 vsn (81<) [cel
Yoom 1ad syulp piepuels §n Jo Joquny  els 93y -uone[ndog 1131p wopuey Jowng, €€T/80€  MOnodUU0) 6861861 B 10 IS
MITAIUT (% G6) soua3Ins (% 19)
uosxad Qonoead [erouad Sunodax
Yoom Iod syuLp uorgax ur :paseq ‘sjuenjedino K3oroyjed 3N ‘uor3ar (SL-91) [2] Te 1o
A119ys pue Jonbi| ‘ouim ‘199q pIepuels () JO JoquIinN x9s 08y -our/rendsoyq [endsoy endsoq €67/SST sewreyl AN  €661-6861 Jqrereg
(o181 (o3uex
(o181 Osuodsar) osuodsar)  S[ONUOI/SISLD uoneoo]  o3e) s1eak
soInseaw aInsodxg Suryojely  Apmis jo odAJ, S92INOS [0NUOD)  SIJINOS ASED) Jo "oN oydei3oan SISOUZRI(]  $OOUAIRY

USWIOM UI BWOUR[oW pue sarmseaw uondwnsuod [oyodle jo sisA[eue pajood ayj ur papnpour sarpns 1ySie ay) Jo sonsuejoerey) [ Iqel,

pringer

A



822

Arch Dermatol Res (2015) 307:819-828

sunburns in childhood [27], history of sunburns as a teen-
ager/young adult [24], recreational sun exposure [10], and
sun exposure in childhood [21].

Statistical analysis

A two-stage method of analysis was used to obtain both
study-specific odds ratios (ORs) and pooled ORs (pORs)
with 95 % confidence intervals (CIs) [33]. In the first stage
of analysis, each study was analyzed according to its
original design. Frequency-matched studies were fitted to
unconditional logistic regression models with categories of
age along with other covariates. Pair-matched studies were
fitted to conditional logistic regression models, using the
original matched pairs and additional covariates. To eval-
uate inter-study variability, we examined the study-specific
ORs and tested for statistical heterogeneity using a ¥ test.
The pooled exposure effect was estimated in a second-
stage linear model as the average of the study-specific ORs,
weighted by the inverse marginal variances. The marginal
variance was the sum of the individual study variance and
the variance of the random study effect. In the absence of
heterogeneity, the marginal variance was the study-specific
variance alone [33]. We used a critical value of t = 2.36
for all two-stage analyses, regardless of number of studies
in the analysis, to be consistent with the ¢ statistic that
would be used with joint-effects models. In the presence of
heterogeneity, we examined potential sources of hetero-
geneity by stratifying on type of control group (population
vs. hospital-based controls) and how the questionnaire was
administered (telephone vs. in-person interview) and
applied a random effects model.

All estimates were age-adjusted. To assess the effects of
other potentially confounding factors (including educa-
tional level, hair, eye and skin color, freckling, presence of
dysplastic nevi, family history of melanoma in a first
degree relative, ethnicity, number of nevi on the arms, skin
reaction to sun exposure, sun exposure history [20], and
total energy intake (Kirkpatrick et al. [21] only), we
examined the percent change in the age-adjusted pOR with
the addition of each factor using standardized groupings [3,
9, 20]. Variables resulting in a 10 % or greater change in
the estimate were included in the final models. To assess
stratum-specific effects (e.g., age category or anatomical
site), we broke the pairs and stratified on age (<50,
or >50 years), anatomical site, histological subtype and
the presence of nevi.

Our main analyses were based on all melanomas com-
bined. Additionally, we separately computed odds ratios
for each of the primary exposure variables by histologic
subtype [superficial spreading melanoma (SSM), nodular
melanoma (NM) and lentigo maligna melanoma (LMM)].
In the analysis of less common histologic subtypes (NM
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and LMM), we broke the pair-matched sets to increase
statistical power and analyzed the studies adjusting for the
original age categories using conditional logistic regres-
sion. All analyses were conducted using SAS (SAS Insti-
tute, Cary, NC).

Results

The eight case—control studies provided a total of 1886
melanoma cases and 2113 controls for the analysis. Among
them, 72 % of cases (n = 1351) and 69 % of controls
(n = 1460) had ever consumed alcohol and 8 % of cases
(n = 115) and controls (n = 135) had consumed at least
10 g per day of alcohol on average. Compared with women
who ‘never’ had consumed alcohol, the overall pOR for
women who ‘ever’ consumed was 1.3 (95 % CI 1.1-1.5)
(Table 2) with statistically significant heterogeneity in the
results (Supplemental Table in Online Resource 1). When
the amount of alcohol consumption was examined, the
POR for the highest fourth of consumption compared with
women who never consumed alcohol was 1.0, and no trend
in risk was observed with increasing amount of alcohol
consumed. None of these results were changed by more
than 10 % with the addition of potentially confounding
factors. We also assessed whether alcohol consumption and
exposure to indoor tanning devices or sun exposure inter-
acted to affect risk of melanoma. We observed a statisti-
cally significant interaction between alcohol and never/
ever-use of tanning devices (Pinteraction = 0-043). Among
those who never used tanning devices, consumption of
alcohol was positively associated with melanoma (Never
vs. Ever OR 1.38; 95 % CI 1.17-1.64) whereas there was
no association among women who ever used tanning
devices (Never vs. Ever OR = 0.99; 95 % CI 0.72-1.33).
There was no evidence of interaction of alcohol intake with
history of severe sunburn in the association with melanoma
(Pinteraction = 1.00). Regardless of history of severe sun-
burns, those who consumed alcohol had raised ORs
although they were not statistically significant.

When alcohol consumption from the different types of
beverages was examined, similar patterns of associations
were observed (Table 2). The pORs for women who ‘ever’
had consumed wine, beer and wine combined, and liquor
were slightly higher compared with those who ‘never’
consumed these beverages and in the case of wine, the
association was statistically significant. However, there
was no trend of increasing risk observed with increasing
amounts of alcohol consumed for any beverage type. We
further examined whether the relation between alcohol
consumption and melanoma risk followed a nonlinear
pattern by fitting parametric (quadratic, square root) and
nonparametric nonlinear models (spline and loess) to total
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Table 2 Adjusted pooled odds ratios (pOR) for melanoma in women in relation to consumption of alcohol and types of alcohol consumed

Exposure measure Cases n (%) Controls n (%) pOR (95 % CI)
Total
Alcohol consumption®
Never 535 (28.4) 653 (30.9) 1.0 (Ref)
Ever 1351 (71.6) 1460 (69.1) 1.3 (1.1-1.5)°
Amount of alcohol consumed (g/day)®
None 535 (28.9) 653 (31.2) 1.0 (Ref)
Q1: 0.5 to <3.5 417 (22.5) 420 (20.1) 1.3 (1.0-1.7)
Q2: 3.5 to <6.8 351 (19.0) 357 (17.1) 1.3 (1.0-1.7)
Q3: 6.8 to <14.4 252 (13.6) 293 (14.0) 1.3 (0.9-1.7)
Q4: 144 t0 127.3 297 (16.0) 370 (17.7) 1.0 (0.7-1.3)
Beer?
Beer consumption
Never 725 (72.4) 878 (71.8) 1.0 (Ref)
Ever 389 (34.9) 506 (36.6) 1.1 (0.9-1.5)
Amount of alcohol consumed from beer (g/day)
None 725 (65.2) 878 (63.6) 1.0 (Ref)
T1: 0.5 to <3.2 225 (20.2) 256 (18.6) 1.2 (0.9-1.7)
T2:32to <74 86 (7.7) 129 (9.3) 1.2 (0.7-2.1)
T3: 7.4 t0 71.1 76 (6.8) 117 (8.5) 0.9 (0.6-1.5)°
Wine!
Wine consumption
Never 428 (38.4) 583 (42.1) 1.0 (Ref)
Ever 686 (61.6) 801 (57.9) 1.4 (1.1-1.8)°
Amount of alcohol consumed from wine (g/day)
None 428 (38.4) 583 (42.1) 1.0 (Ref)
T1: 0.5 to < 3.6 295 (26.5) 342 (24.7) 1.4 (1.0-1.9)
T2: 3.6 to < 8.2 199 (17.9) 232 (16.8) 1.4 (0.9-2.0)
T3: 8.2 to 94.6 192 (17.2) 227 (16.4) 1.3 (0.8-1.9)
Beer and wine®
Beer and wine Consumption
Never 542 (37.3) 692 (39.5) 1.0 (Ref)
Ever 913 (62.7) 1058 (60.5) 1.3 (1.0-1.6)°
Amount of alcohol consumed from beer and wine (g/day)
None 542 (37.3) 692 (39.5) 1.0 (Ref)
T1: 0.5 to <44 442 (48.4) 447 (42.2) 1.4 (1.1-1.9)
T2: 4.4 to <11.1 236 (25.8) 303 (28.6) 1.2 (0.9-1.7)
T3: 11.1 to 120.6 235 (25.7) 308 (29.1) 1.0 (0.7-1.4)
Liquor®
Liquor consumption
Never 705 (48.5) 910 (52.0) 1.0 (Ref)
Ever 750 (51.5) 839 (48.0) 1.2 (1.0-1.4)°
Amount of alcohol consumed from liquor (g/day)
None 576 (52.7) 734 (52.8) 1.0 (Ref)
T1: 0.5 to <2.0 243 (22.2) 299 (21.5) 1.2 (0.9-1.6)
T2: 2.0 to <4.3 116 (10.6) 142 (10.2) 1.1 (0.7-1.6)
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Table 2 continued

Exposure measure Cases n (%)

Controls n (%) pOR (95 % CI)

T3: 43 to 44.4 159 (14.5)

214 (15.4) 0.9 (0.6-1.3)

Adjusted for age

CI confidence intervals, 7/ lowest third, 72 middle third, 73 highest third
? Alcohol consumption was missing from Smith et al. (1 case) [32], Gallagher et al. (15 cases, 8 control subjects) [10], Green et al. (23 cases, 25

control subjects) [12], Langholz et al. (1 control subject) [24]
b

c

n = 54 missing from Smith et al. (34 cases and 20 controls) [32]

%* heterogeneity, p < 0.05; estimate based on a random effects model

9 Five studies included: Bataille et al. [2], Gallagher et al. [10], Green et al. [12], Kirkpatrick et al. [21], @sterlind et al. [27] (grams alcohol in

beer is missing from Green et al. 2 cases and 4 controls)

¢ Additional adjustment for education

f Six studies included with beer and wine combined data: Bataille et al. [2], Gallagher et al. [10], Green et al. [12], Kirkpatrick et al. [21],
Langholz et al. [24], @sterlind et al. [27] (grams alcohol in beer is missing from Green et al. (2 cases and 4 controls)

€ Six studies included with liquor data for ever use: Bataille et al. [2], Gallagher et al. [10], Green et al. [12], Kirkpatrick et al. [21], Langholz
et al. [24], @sterlind et al. [27], and five studies were included for tertile categories (Gallagher et al. [10] was excluded)

grams of alcohol consumed per day (untransformed, log
transformed) but found no evidence of a nonlinear pattern
(data not shown).

In analyses stratified by anatomic site (Table 3), the
pOR was increased for melanoma of the trunk observed
among women who ‘ever’ compared with ‘never’ had
consumed alcohol (pOR 1.5, 95 % CI 1.1-1.9). But again,
melanoma risk did not vary with the amount of alcohol
consumed; and there was little to no evidence of an asso-
ciation with the other anatomic sites.

We further conducted an analysis stratified by the
number of nevi (Table 4). Among women with any nevi
present, higher pORs were observed for those who ‘ever’
had consumed alcohol compared with women who ‘never’
consumed (pOR 1.4, 95 % CI 1.1-1.7) but there was no
trend with amount of alcohol consumed. Among women
with no nevi, alcohol consumption was unrelated to
melanoma.

As menopausal status could have modified the associa-
tion, analyses were stratified broadly into pre- and post-
menopausal groups (<50 years and >50 years). In both
groups, a modest association was observed without evi-
dence for dose-response effect (Supplemental Table in
Online Resource 2). Finally, alcohol consumption was not
related to risk of any specific histologic subtype of mela-
noma (Supplemental Table in Online Resource 3).

Discussion

In this pooled analysis, we found an overall positive
association between ever having consumed alcohol and
incident melanoma in women. However, the association
between the amount of alcohol consumed and incidence of
melanoma was seen irrespective of the type of alcohol
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consumed. The magnitude of associations changed very
little after adjustment for known confounding factors, and
no significant dose-response associations were seen with
increasing amounts of alcohol (including specific types)
consumed. Further, our findings did not suggest that the
association was specific to any particular anatomic site or
histologic subtype nor was modified by the presence of
nevi or age groups that reflected menopausal status.

These findings contrast results from a large cohort of US
post-menopausal women in the Women’s Health Initiative
Observational Study (WHI OS) that reported that the
amount of alcohol consumption, and the preference of white
wine and liquor (but not beer or red wine) were significantly
positively associated with melanoma after adjustment for
sun exposure and other risk factors for melanoma [23].
Variation in methods makes it difficult to compare the
findings from WHI OS and ours. For example, in WHI OS,
alcohol use at baseline was categorized as the number of
drinks/week; and they measured alcohol preference rather
than types of alcohol consumed. However, women in the
WHI OS who were excluded from the analyses may have
had higher melanoma risk compared with those who were
included. The observed positive association may be biased
because women who were non- and ex-alcohol consumers,
older, obese, and obtained less education were also more
likely to be excluded [23]; and people who have such
characteristics often have increased risk of disease. The
nature of the study design may also have influenced the
conflicting findings as ours is retrospective whereas the
WHI OS is a prospective study design.

A recently published systematic review and meta-analysis
of alcohol consumption in relation to melanoma based on 14
case—control studies and two cohort studies (not including
the WHI OS [23] ) reported findings that agreed with our
results for ever vs. never alcohol exposure: men and women
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Table 4 Adjusted pooled odds ratios (pOR) for melanoma in women in relation to alcohol consumption by presence or absence of nevi

Exposure measure Nevi absent

Nevi present

Cases n (%) Controls n (%)

pOR (95 % CI)

Cases n (%) Controls n (%) pPOR (95 % CI)

Total alcohol consumption®

Never 107 (31.6) 189 (26.1) 1.0 (Ref) 360 (30.2) 366 (35.7) 1.0 (Ref)
Ever 232 (68.4) 534 (73.9) 0.8 (0.6-1.2) 831 (69.8) 660 (64.3) 1.4 (1.1-1.7)
Amount of alcohol (g/day)”
None 72 (30.9) 13 (3.0) 1.0 (Ref) 202 (28.9) 242 (34.3) 1.0 (Ref)
Q1: 0.5t0 <14 43 (18.5) 112 (25.6) 0.7 (0.2-2.0) 145 (20.7) 130 (18.4) 1.5 (0.7-3.0)
Q2: 1.4 to <3.5 41 (17.6) 92 (21.0) 0.8 (0.3-2.5) 147 (21.0) 129 (18.3) 1.6 (0.8-3.1)
Q3: 3.5 to <6.7 37 (15.9) 101 (23.1) 0.8 (0.2-2.3) 104 (14.9) 100 (14.2) 1.4 (0.6-3.1)
Q4: 6.7 to 44.4 40 (17.2) 120 (27.4) 0.6 (0.2-1.8) 102 (14.6) 105 (14.9) 1.2 (0.5-2.5)

Adjusted for age

CI confidence intervals, Q1 lowest fourth, 02 second lowest fourth, Q3 second highest fourth, Q4 highest fourth

? Seven studies included in the analyses

® Three studies included in the analyses

who consumed any alcohol had a 20 % increased risk of
melanoma compared with non/occasional alcohol con-
sumers [29]. Analyses restricted to women, based on three
studies, also showed a significant 26 % increased risk with
ever consuming alcohol. Unlike our overall results which did
not change on adjustment of sun exposure, a positive but non-
significant association was observed when the meta-analysis
was limited to studies that adjusted for sun exposure. How-
ever, their adjusted result was similar to our detailed findings
after adjustment (including interaction terms) for specific
high-risk UV exposures from severe sunburns or use of
tanning devices. Their findings also suggest dose—response
relationship when men and women were combined; how-
ever, these significant risk estimates were based on studies
not adjusted for sun exposure and there was significant
heterogeneity in the included studies.

It is possible that our findings were influenced by
socioeconomic factors, though when we included educa-
tion in the analyses as an indicator of socioeconomic
position, the pooled odds ratios changed negligibly. Edu-
cation has been associated with alcohol intake patterns in
women, especially in developed countries [28]. While
women in higher socioeconomic groups are more likely to
consume alcohol compared with their counterparts in lower
socioeconomic groups [28, 31], women in lower socioe-
conomic groups are more likely to binge drink [8]. Further,
the associations between socioeconomic position and
melanoma vary from positive in Europe [18], to positive
[14, 26] or negative in the US [13], to no association in
Australia [1]. This complexity makes it difficult to assess
the likely effect of socioeconomic differences if any on our
final pooled results.

A major strength of our pooled study was only including
studies with available data on sun exposure. Also, pooling

@ Springer

the data from eight case—control studies increased the sta-
tistical power we had to examine the association between
the amount and type of alcohol usually consumed. Pooled
analyses also allowed us to undertake sub-group analyses
to examine the associations by anatomic site of lesion,
histologic subtype, age group, and number of moles.

A limitation of this study is that the data for alcohol
consumption were collected by self-report. While alcohol
consumption is generally under-reported among heavy
drinkers [4], older or highly educated women also tend to
under-estimate their past intake [25]. In addition, the
accuracy of recalled intake may be influenced by current
intake [25]. Moreover, in case—control studies, recall bias is
a concern because exposure information (alcohol intake) is
collected retrospectively. If the cases systematically under-
estimated or over-estimated their intake across all exposure
quartiles compared with controls, this could have distorted
the reported effect estimates and dose-response associa-
tions [37] with attenuation of the latter if the bias operated
more among heavy-drinkers. A previous study that inves-
tigated the effect of potential recall bias in alcohol intake
and breast cancer found that cases had somewhat more
biased reports than controls [11]. Even if misclassification
of the alcohol drinking level was similar between cases and
controls, distorted associations in any direction are possible
with use of polychotomous exposure variables [5]. Further,
we could not discriminate lifetime abstainers and former
alcohol consumers and yet these groups often have very
different characteristics regarding health consciousness and
possibly other factors that influence their risk of melanoma
[22]. Such measurement errors may also have contributed
to our observed lack of dose—response despite a statistically
significant overall association with ever- vs. never-con-
sumption [36]. Finally, the studies included for this pooled
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analyses were made up from melanomas diagnosed
between 1979 and 1993. Methods to collect information on
alcohol intake and other potential confounding factors have
not changed substantially, and we have that no grounds to
believe findings are not valid.

In conclusion, our findings from eight case—control
studies in women showed a weak positive association
between ever consuming alcohol and melanoma occur-
rence, which was similar across types of alcohol. However,
our results did not show increasing risk with increasing
alcohol consumption in pre- or post-menopausal women
and irrespective of anatomic site or histologic subtype of
the lesion, or presence of nevi.
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