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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 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.
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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 250,000 cases expected in 2015 [7]. The major 

environmental cause of melanoma is excessive exposure to ultraviolet (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, epidemiological 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 significant 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 

significant association [29]. Thus the observed positive association 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 consumption. 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 was no longer available [17]. Descriptive 
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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 studies, 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 included a category for technical school. We used the classification 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 analysis 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 sunburns in childhood 

[27], history of sunburns as a teenager/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 
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the original matched pairs and additional covariates. To evaluate inter-study variability, we 

examined the study-specific ORs and tested for statistical heterogeneity using a χ2 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 t statistic that would be used with joint-

effects models. In the presence of heterogeneity, we examined potential sources of 

heterogeneity 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 educational 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 combined. 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 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 regression. All analyses were 

conducted using SAS (SAS Institute, 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 interacted to affect risk of melanoma. We observed a statistically 
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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 sunburns, 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 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 association 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 association, analyses were stratified broadly 

into pre- and post-menopausal groups (<50 years and ≥50 years). In both groups, a modest 

association was observed without evidence for dose–response effect (Supplemental Table in 

Online Resource 2). Finally, alcohol consumption was not related to risk of any specific 

histologic subtype of melanoma (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 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 
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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 who consumed any alcohol had a 20 % increased risk of 

melanoma compared with non/occasional alcohol consumers [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. However, 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; however, 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 education in the analyses as an indicator of socioeconomic position, the pooled 

odds ratios changed negligibly. Education 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 socioeconomic 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.
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A major strength of our pooled study was only including studies with available data on sun 

exposure. Also, pooling the data from eight case–control studies increased the statistical 

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 associations [37] with attenuation 

of the latter if the bias operated more among heavy-drinkers. A previous study that 

investigated 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 evervs. never-consumption [36]. Finally, the studies included for this pooled 

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 occurrence, 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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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