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ABSTRACT

Background: Alcohol consumption has been associated with an
increased prevalence of sunburn, which is an established skin cancer
risk factor.

Objective: We investigated whether alcohol consumption is asso-
ciated with risk of cutaneous basal cell carcinoma (BCC).

Design: We conducted a prospective analysis on alcohol consump-
tion and risk of BCC on the basis of data from 167,765 women in
the NHS (Nurses’ Health Study) (1984-2010) and NHS II (1991-
2011) and 43,697 men in the Health Professionals Follow-Up Study
(1986-2010). Alcohol intake was repeatedly assessed every 2—4 y
over the follow-up period. HRs and 95% ClIs for BCC in association
with alcohol intake were computed with the use of Cox proportional
hazards models with adjustment for sun exposure and other skin
cancer risk factors.

Results: A total of 28,951 incident BCC cases were documented
over 3.74 million person-years of follow-up. Increased alcohol in-
take was associated with increased BCC risk in both women and
men (both P-trend < 0.0001). Pooled multivariable-adjusted HRs
over increasing cumulative averaged alcohol intake categories were
1.00 (reference) for nondrinkers, 1.13 (95% CI: 1.06, 1.20) for 0.1—
9.9 g/d, 1.24 (95% CI: 1.14, 1.35) for 10.0-19.9 g/d, 1.27 (95% CI:
1.20, 1.35) for 20.0-29.9 g/d, and 1.22 (95% CI: 1.15, 1.30) for
=30.0 g/d (P-trend < 0.0001, P-heterogeneity by study = 0.10 ).
The association remained consistent when we used alcohol intakes
over different latency periods (04, 4-8, 8-12, and 12-16 y) as
exposures and over categories of sun exposure-related factors. In
the individual alcoholic beverages, white wine and liquor were
positively associated with BCC risk.

Conclusion: Alcohol consumption is associated with increased
risk of cutaneous BCC in both women and men. Am J Clin Nutr
2015;102:1158-66.

Keywords: alcohol, basal cell carcinoma, cohort study, epidemiology,
skin cancer, sun exposure

INTRODUCTION

Basal cell carcinoma (BCC)8 of the skin is the most prevalent
cancer in the United States (1). It has been estimated that
>2.5 million BCCs are diagnosed each year in the United
States, which is a number greater than that of all other cancers
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combined (1, 2). As the major histologic type of skin cancer,
BCC is responsible for substantial morbidity and billions of
dollars of health care expenditures (3-5). Knowledge on the
modifiable risk factors of BCC is required for the targeted pre-
vention of cancer incidence. Existing evidence provides support
that solar UV radiation is the major environmental risk factor for
BCC, whereas studies have also suggested that BCC risk may be
associated with other environmental and lifestyle factors, such as
alcohol consumption and smoking (6, 7). Alcohol consumption
is a well-known risk factor for human cancer and has been linked
to a number of cancers including pharynx and larynx, esophagus,
breast, prostate, pancreatic, and colon cancers (8-12). Alcohol
use has been observed with an increased prevalence of severe
sunburn (13), and it has been hypothesized that the combina-
tion of alcohol consumption and UV radiation can potentiate
the skin carcinogenicity through the intermediate byproducts or
metabolites of alcohol (e.g., acetaldehyde), which can serve as
photosensitizers (14).

However, evidence for the association between alcohol con-
sumption and BCC risk has been limited (8). Only a small num-
ber of epidemiologic studies have investigated this association.
Although 2 earlier prospective studies reported an association
between alcohol consumption and BCC risk (7, 15), a later
prospective study and several case-control studies showed no
association (16-19). Potential reasons for these heterogeneous
results may include differences between study designs, an in-
sufficient control for skin cancer risk factors, and the preference
of alcoholic beverages consumed in different study populations.
Notably, the numbers of BCC cases included in most of these
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ALCOHOL INTAKE AND BCC RISK

previous studies were relatively small (from dozens to a few
thousands), which has thereby limited their ability to provide
a comprehensive evaluation on this association. Specifically,
a previous investigation on the basis of data in the first 8—10—
follow-up years of 2 cohorts [the NHS (Nurses’ Health Study)
and HPFS (Health Professionals Follow-Up Study)] showed
a nonmonotonic increasing BCC (n = 6088) risk over the alcohol
intake range (15). However, the investigation did not examine the
potential effect modification of this association by other skin
cancer risk factors (e.g., sun exposure) and did not investigate the
association of BCC risk with alcohol consumption in early
adulthood, which has been associated with increased cancer risk
in later life (9). In addition, most investigations included only one
exposure assessment, which may have biased the results if long-
term intake is relevant to cancer risk (20).

To address the hypothesis that alcohol consumption may be
associated with increased BCC risk and the nature of this as-
sociation, we conducted a more comprehensive prospective study
with expanded follow-up data from the NHS (1984-2010) and
HPFS (1986-2010) and data from an additional cohort of the
NHS II (1991-2011), all of which had repeated assessments on
alcohol intake over long durations.

METHODS

Study populations

The NHS was established in 1976 when 121,700 married,
registered, female nurses between the ages of 30 and 55 y who
were residing in the United States at the time of enrollment
responded to a baseline questionnaire that included questions
about their medical histories and lifestyle risk factors. The
NHS II was established in 1989 when 116,430 registered female
nurses aged 25-42 y were enrolled with the use of a mailed
baseline questionnaire that inquired about medical histories and
lifestyle practices. The HPFS was established in 1986 when
51,529 US male health professionals aged 40-75 y completed
a baseline questionnaire on lifestyles, diets, and newly di-
agnosed diseases. The cohorts used similar standardized biennial
questionnaires to collect data on disease outcomes and health-
related factors of study participants. The overall follow-up rates
generally exceeded 90% in all 3 cohorts. The institutional re-
view boards of Brigham and Women’s Hospital and Harvard
School of Public Health approved the current study. We consider
the participants’ completion and return of the self-administered
questionnaires as informed consent.

A total of 81,722 NHS women, 95,248 NHS II women, and
49,762 HPFS men completed a food-frequency questionnaire
(FFQ) at baseline (NHS: 1984; NHS II: 1991; and HPFS: 1986).
We excluded participants with a history of any cancer at baseline.
After exclusions, a total of 167,765 women (75,209 women from
the NHS and 92,556 from women the NHS II) and 43,697 men
were included in the current study.

Assessment of BCC cases

Information on BCC diagnosis was first asked in 1984 in the
NHS, in 1989 in the NHS II, and in 1986 in the HPFS. A diagnosis
on BCC was asked in all subsequent biennial questionnaires
mailed to study participants. Medical records were not obtained
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for self-reported BCC. However, previous validation studies have
shown a high validity of self-reported BCC in subgroups of NHS
and HPFS participants, with 96% of women and 84% of men with
confirmed BCC according to histopathologic findings or medical
records (21, 22).

Assessment of alcohol intake

On all FFQs, participants were asked how often, on average
(i.e., from never to =6 times/d), during the previous year they
had consumed beer, red wine, white wine, liquor, and other food
items. We calculated the total alcohol intake in grams per day as
the sum of the daily number of drinks multiplied by the average
alcohol content per type of alcoholic beverage (12.8 g alcohol/
355-mL serving of beer, 11.0 g alcohol/118-mL serving of wine,
and 14.0 g/44-mL serving of liquor) (9). Alcohol intake mea-
sured by the FFQ was highly correlated with that calculated
from detailed diet records (r = 0.90 for women and r = 0.86 for
men) and with HDL concentrations (r = 0.40 for women and
r = 0.35 for men) (23).

Detailed information on alcohol consumption was collected in
1984, 1986, 1990, 1994, 1998, 2002, and 2006 in the NHS; 1991,
1995, 1999, 2003, and 2007 in the NHS II; and 1986, 1990, 1994,
1998, 2002, and 2006 in the HPFS. In addition, information on
alcohol consumption in an early life stage (ages 18-22 y) was
asked in 1988 in the NHS and HPFS and 1989 in the NHS II.

Assessment of covariates

In the biennial follow-up questionnaires, we inquired and
updated information on anthropometric and lifestyle factors for
chronic diseases including body height and weight, cigarette
smoking, and physical activity. Data on the following phenotypic
and sun exposure—related factors were also collected through the
follow-up questionnaires (24, 25): ethnicities, family history of
melanoma in first-degree relatives (parents and siblings), natural
hair color, number of moles on arms (in the NHS and HPFS) or
legs (in the NHS II), skin reaction to sun exposure =2 h as
a child or adolescent, number of severe sunburns; time spent in
direct sunlight per week over different ages; cumulative UV flux
since baseline, and the use of sunscreen in summer months. A
history of severe sunburn and the sunburn count on the body
were asked in 1982 in the NHS, in 1989 in the NHS II, and in
1992 in the HPFS. We asked study participants (in the NHS in
2006, in the NHS II in 2005, and in the HPFS in 2008) the
average hours per week that they spent outdoors in direct sun-
light in the middle of the day (1000-1500), including during
work and recreation, at each of the following periods: during
summer months in high school, college, and nursing school and
at ages 25-35, 36-59, and 60-65 y. Data were available for the
first 2 periods only (high school, college, and nursing school and
ages 25-35 y) in the NHS II, which consisted of a cohort of
younger women. The average time spent in direct sunlight in the
summer months was calculated as a weighted average of hours
per week reported for different age periods and treated as a time-
dependent variable during follow-up. The weight for each age
period was determined according to the length (in number of
years) of that age period, and only age periods relevant to the
age of the participant were taken into account (e.g., for a par-
ticipant at the age of 56 y, we calculated a weighted average on
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the basis of hours per week reported for summer months in high
school, college, and nursing school and at ages 25-35 and 36-59 y).
The annual UV flux is a composite measure of a midrange UV
radiation level on the basis of latitude, altitude, and cloud cover (24,
26, 27) and was estimated at every 2-y period over the cohort
follow-up according to the state of residence that was known from
mailing addresses of participants. The annual UV flux was mea-
sured in Robertson-Berger unit, and the gradient of UV flux across
the continental United States has been documented elsewhere (28).
A Robertson-Berger meter count of 440 may produce a typical
sunburn reaction to untanned Caucasian skin. Associations of BCC
risk with sunburn history and UV flux in the NHS and HPFS have
been reported in our previous investigation (24). We also asked
about information on tanning bed use in high school and college
and at ages 25-35 y in 2005 in the NHS II (25).

Statistical analysis

Study follow-up began when information on both exposure
(alcohol intake) and the outcome disease (BCC) was available in
the cohorts (in the NHS: June 1984; in the NHS II: June 1991;
and in the HPFS: January 1986). Participants contributed to
the follow-up time from the return month of the baseline ques-
tionnaire to the month of the first diagnosis of a cancer, the month
of death, the time loss to follow-up, or the end of follow-up (in the
NHS: June 2010; in the NHS II: June 2011; and in the HPFS:
January 2010), whichever came first. We used Cox proportional
hazards models to estimate age-adjusted and multivariable-
adjusted HRs with 95% CIs of incident BCC in association with
alcohol intakes. Multivariable analyses were conducted with
adjustment for other known BCC risk factors and potential
confounders. Missing data during any follow-up period were
coded as a missing indicator category for categorical variables
(e.g., smoking status) and with carried-forward values for con-
tinuous variables (e.g., BMI) (29). Trend tests across alcohol intake
categories were conducted by assigning median values for these
categories and treating the new variables as continuous terms in the
models. Results from different study cohorts were pooled with the
use of a random-effects model, and heterogeneity between study
cohorts was examined with the use of the Q statistic (30).

To create the best estimates of long-term alcohol intake, we
calculated the cumulative averaged intake over time beginning at
the baseline assessment on alcohol consumption. That is, at the
beginning of every 2-y follow-up cycle, each intake was cal-
culated as the mean of all reported intakes up to that time (31). To
evaluate the latency between alcohol intake and BCC, we per-
formed analyses with the use of varying lag times. For example,
in the NHS, for a latency of 0-4 y before diagnosis (simple
updated), we used alcohol intake in 1984 for follow-up from
1984 to 1986, intake in 1986 for follow-up from 1986 to 1990,
intake in 1990 for follow-up from 1990 to 1994, and so forth.
For a latency of 4-8 y, we used alcohol intake in 1984 for
follow-up from 1988 to 1990, intake in 1986 for follow-up
from 1990 to 1994, and so forth.

We fitted adjusted Cox proportional hazards models with the
use of a restricted cubic spline regression analysis to examine the
shapes of the dose-response relations between alcohol intake and
risk of BCC (32). Observations with alcohol intakes >95% were
excluded in the spline regression to avoid the influence of out-
liers. In addition, subgroup analyses were also performed according
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to adjusted variables to examine a potential effect modification
by other variables. To address the concern about potential re-
sidual confounding by sun exposure, we performed an additional
further subgroup analysis stratified by the total sun exposure
score, which was a composite measure of sun-exposure history,
duration, and intensity. This score was calculated with the use of
cohort-derived HRs associated with each of the following 3 sun
exposure—related factors: number of severe sunburns, average
time spent in direct sunlight in summer months, and annual UV
flux at residence. The score was calculated in each cohort sep-
arately to control for cohort heterogeneity in terms of sun ex-
posure and adjusted for as quintiles in multivariable models in
sensitivity analyses. The likelihood ratio test was used to ex-
amine interaction between alcohol and other variables. We used
SAS software (version 9.2; SAS Institute Inc.) for all statistical
analyses. All statistical tests were 2-tailed, and significance was
set at P < 0.05.

RESULTS

Over a total of 3.74 million person-years of follow-up, we
documented a total of 28,951 BCC cases in 3 study cohorts. There
were 13,666 BCC cases in the NHS (1.52 million person-years),
6013 cases in the NHS II (1.48 million person-years), and 9272
cases in the HFPS (0.74 million person-years). The median
follow-up time was 25, 19, and 20 y in the 3 cohorts, respectively.
Table 1 shows the characteristics of study participants by total
alcohol intake categories. Compared with nondrinkers, partici-
pants with high alcohol intake were more likely to exercise and
smoke, more likely to have a red or blonde hair color, less likely
to have moles on the arms and legs and a painful burn or blister
skin reaction under sun exposure as a child and adolescent, and
more likely to use sunscreen and have a higher number of severe
sunburns. Heavy drinkers with alcohol intake =30 g/d were
more likely to drink beer or liquor than red or white wine.

Increased alcohol intake was significantly associated with
increased BCC risk in all 3 study cohorts, although risk esti-
mates appeared to be slightly higher in women than in men (all
P-trend < 0.0001, P-heterogeneity by study = 0.10) (Table 2).
Risk estimates were higher for cumulative averaged intake than
were those for simple updated (0—4-y lag) intake. Results of the
spline regression suggested that the dose-response relations
between alcohol intake and BCC risk were primarily linear over
the major intakes in both women and men (Supplemental
Figure 1). Analyses that used alcohol intakes over other latency
periods (4-8, 8-12, and 12-16 y) suggested generally similar
associations between alcohol and BCC risk, although the linear
trend over intake categories was most apparent when alcohol
intake of a 12-16-y latency was used as the exposure (Table 3).
An additional analysis that used alcohol intake at baseline as the
exposure revealed a similar association pattern with the main
analyses (data not shown). Sensitivity analyses adjusted for
tanning bed use (in the NHS II) and total sun exposure score (in
quintiles) instead of 3 sun-exposure variables (number of severe
sunburns, average time spent in direct sunlight in summer
months, and annual UV flux at residence) also yielded essen-
tially the same results (data not shown).

Stratified analyses by sun exposure—related factors (i.e., his-
tory of severe sunburns, annual UV flux at residence, average
time spent in direct sunlight in summer months, and use of
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TABLE 1
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Baseline characteristics of study participants according to alcohol intake in the NHS, NHS II, and HPES'

Total alcohol consumption, g/d

NHS (1984) NHS 1II (1991) HPES (1986)
None 10.0-19.9 =30.0 None 10.0-19.9 =30.0 None 10.0-19.9 =30.0

Participants, n 23,791 10,583 4177 39,685 6026 974 10,416 8606 5214
Age, y 50.6 = 7.3 505+ 70 515*67 362*+46 365=*47 376+43 538*98 534+94 547 *+94
BMI, kg/m2 260 54 239 *+38 240*+39 255*59 233+40 23.8*45 251*52 249*+50 250=*5.0
Physical activity, metabolic 12.1 = 19.1 15.8 = 224 142 = 199 184 =253 25.1 £30.2 23.6 £32.0 18.6 = 27.0 23.1 =319 21.0 =295

equivalents, h/wk
Current smoking, % 19.1 29.8 46.8 20.2 37.9 7.0 9.7 20.3
Caffeine intake, mg/d 287 =242 357 £225 368 £ 227 195 * 207 315+ 214 371 =234 190 = 227 246 *+ 224 304 * 244
Family history of 7.8 7.7 7.6 12.1 13.2 12.8 3.7 4.1 3.8

melanoma, %
Red/blonde hair, % 14.3 16.3 16.4 18.5 22.2 22.8 12.5 13.5 14.7
Arm with moles, % 36.4 35.6 33.9 50.6 51.0 48.8 31.4 31.6 29.6
Painful burn/blisters skin 15.8 13.2 13.2 25.3 19.9 23.1 25.3 21.9 21.4

reaction as a

child/adolescent, %
Severe sunburns, n 79 + 6.8 9.0 = 7.1 92+ 72 1.8 =22 20=*+24 22*+26 123 £11.9 129 122 13.6 £ 12.7

Annual UV flux, xX10™*
RB count

122.6 = 249 122.1 = 24.5 1244 + 259 125.6

*
24.5127.1 = 25.6 130.3 * 26.3 132.2 + 27.1 128.7 £ 27.0 131.3 = 28.1

Time spent in direct 52 *£3.0 56 29 57 £3.0 43 = 1.7 47 * 1.5 47 +*15 101 6.1 105=*=59 106 *6.2
sunlight in summer
months, h/wk
Use of sunscreen in 20.0 27.3 25.1 77.7 86.5 81.0 50.4 62.8 57.0
summer months, %
Alcoholic beverage
preference,3
drinks/wk
Beer 0.0 = 0.0 1.1 £20 52 89 0.0 = 0.0 33+27 114 =108 0.0 0.0 25 %23 8.8 =99
Red wine 0.0 £ 0.0 1.1 = 1.8 20+ 49 0.0 = 0.0 09 =15 1.9 £ 47 0.0 = 0.0 1.0 £ 15 20+ 46
White wine 0.0 = 0.0 2.6 £25 48 = 7.8 0.0 £ 0.0 2.1 =23 48 + 7.7 0.0 = 0.0 1.6 =19 28 55
Liquor 0.0 £ 0.0 27*27 113*x93 0.0 = 0.0 1.3+19 53 82 0.0 = 0.0 26 £24 108 =9.8

'Values were standardized (except for the age variable) to the age distribution of the study population. HPFS, Health Professionals Follow-Up Study;

NHS, Nurses’” Health Study; RB, Robertson-Berger.
2Mean =+ SD (all such values).

3Serving sizes of one drink were as follows: beer, 355 mL; wine, 118 mL; and liquor, 44 mL.

sunscreen in summer months) showed generally consistent as-
sociations over different subgroups of the study population.
Although there were borderline significant interactions between
alcohol intake and annual UV flux at residence and use of
sunscreen in women (P-interaction << (0.10), there were no ap-
preciable differences in risk estimates over different categories
of sun exposure—related factors (Supplemental Table 1). An
additional subgroup analysis that was stratified by the median of
the total sun exposure score also suggested essentially similar
associations over subgroups with low and high exposure scores,
and additional interaction tests for alcohol intake and total sun
exposure score divided by medians or categorized into tertiles
did not reveal any appreciable interaction (all P-interaction >
0.40). The association between alcohol intake and BCC risk
appeared to be stronger in never smokers in both women and
men (P-interaction < 0.0001 in women and P-interaction = 0.16
in men) (Supplemental Table 1). Nevertheless, the association
between alcohol intake and BCC risk was significant in both
never smokers and ever smokers.

Of the individual alcoholic beverages, white wine showed the
most-consistent association with increased BCC risk, followed

by liquor (both P-trend < 0.0001) (Table 4). Beer and red wine
were generally not associated with BCC risk.

Alcohol intake between ages 18 and 22 y was also significantly
associated with BCC risk in all 3 cohorts (Supplemental Table 2).
After additional adjustment for cumulative averaged alcohol
intake in adulthood in the model, this association persisted in
women but not in men. Nevertheless, the pooled analysis still
supported a modest association between alcohol intake during
ages 18-22 y and BCC risk (P-trend = 0.0007).

DISCUSSION

In the current study, we provided a comprehensive evaluation
on the association between alcohol consumption and risk of
cutaneous BCC on the basis of data from 3 large prospective
cohorts of women and men. We showed that alcohol consumption
was associated with increased risk of BCC in both women and
men, and the association was generally consistent over the 3
cohorts. Additional analyses suggested that the association was
consistent over different latency periods of alcohol intake and
over subgroups divided by sun exposure-related factors. White
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TABLE 2
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HRs of incident basal cell carcinoma according to alcohol intake in the NHS (1984-2010), NHS 1II (1991-2011), and HPFS (1986-2010)"

Simple updated (0—4-y lag)

Cumulative average

Person-years,

Age-adjusted Multivariable-adjusted Cases, Person-years,

Age-adjusted Multivariable-adjusted

Alcohol intake Cases, n  thousands HR (95% CI) HR (95% CI) n thousands HR (95% CI) HR (95% CI)
NHS
None 4995 607 1.00 1.00 2818 383 1.00 1.00
0.1-9.9 g/d 5535 621 1.19 (1.15, 1.24)  1.13 (1.09, 1.18) 7573 831 1.23 (1.18, 1.28)  1.16 (1.11, 1.21)
10.0-19.9 2002 183 1.38 (1.31, 1.45)  1.26 (1.19, 1.33) 1983 183 1.46 (1.38, 1.55)  1.31 (1.23, 1.39)
20.0-29.9 g/d 449 41 1.42 (1.29, 1.56) 1.27 (1.15, 1.40) 720 63 1.50 (1.38, 1.62)  1.32 (1.22, 1.44)
=30.0 g/d 685 65 1.32 (1.22, 1.43)  1.22 (1.12, 1.32) 572 56 1.39 (1.27, 1.52)  1.27 (1.16, 1.39)
P-trend — — <0.0001 <0.0001 — — <0.0001 <0.0001
NHS II
None 1948 596 1.00 1.00 1373 473 1.00 1.00
0.1-9.9 g/d 2895 697 1.24 (1.17, 1.31)  1.15 (1.08, 1.22) 3826 864 1.27 (1.19, 1.35)  1.17 (1.10, 1.25)
10.0-19.9 g/d 829 137 147 (1.35,1.59)  1.28 (1.17, 1.39) 592 108 1.48 (1.34, 1.63)  1.27 (1.14, 1.40)
20.0-29.9 g/d 145 26 1.34 (1.13, 1.58) 1.14 (0.96, 1.35) 148 25 1.49 (1.26, 1.77)  1.28 (1.08, 1.52)
=30.0 g/d 196 28 1.47 (1.27, 1.70) 1.29 (1.11, 1.50) 74 14 142 (1.12, 1.79)  1.24 (0.98, 1.57)
P-trend — — <0.0001 <0.0001 — — <0.0001 <0.0001
HPFS
None 2139 182 1.00 1.00 1501 139 1.00 1.00
0.1-9.9 g/d 3302 280 1.05 (1.00, 1.11)  1.02 (0.96, 1.07) 3956 326 1.12 (1.06, 1.19)  1.06 (0.99, 1.12)
10.0-19.9 g/d 2041 148 1.18 (1.11, 1.26) 1.09 (1.03, 1.16) 1980 144 1.26 (1.17, 1.34)  1.15 (1.07, 1.23)
20.0-29.9 g/d 656 46 1.22 (1.12, 1.33)  1.11 (1.02, 1.22) 824 54 1.33 (1.22, 1.45)  1.22 (1.11, 1.33)
=30.0 g/d 1134 80 1.20 (1.12, 1.29)  1.15 (1.07, 1.24) 1011 73 1.23 (1.13, 1.33)  1.18 (1.08, 1.28)
P-trend — — <0.0001 <0.0001 — — <0.0001 <0.0001
Meta-analysis, women
in the NHS and
NHS 11
None 6943 1203 1.00 1.00 4191 856 1.00 1.00
0.1-9.9 g/d 8430 1318 1.21 (1.17, 1.25) 1.14 (1.10, 1.18) 11,399 1695 1.24 (1.20, 1.28) 1.16 (1.12, 1.21)
10.0-19.9 g/d 2831 320 1.41 (1.33, 1.50)  1.26 (1.21, 1.32) 2575 291 1.47 (1.39, 1.54)  1.30 (1.23, 1.37)
20.0-29.9 g/d 594 67 1.40 (1.29, 1.52) 1.23 (1.12, 1.35) 868 88 1.49 (1.39, 1.61)  1.32(1.22, 1.42)
=30.0 g/d 881 93 1.37 (1.24, 1.51) 1.23 (1.15, 1.33) 646 70 1.39 (1.28, 1.51)  1.27 (1.16, 1.38)
P-trend — — <0.0001 <0.0001 — — <0.0001 <0.0001
Meta-analysis, women
and men in the NHS,
NHS II, and HPFS
None 9082 1385 1.00 1.00 5692 995 1.00 1.00
0.1-9.9 g/d 11,732 1598 1.16 (1.06, 1.26)  1.10 (1.02, 1.18) 15,355 2021 1.20 (1.13, 1.29)  1.13 (1.06, 1.20)
10.0-19.9 g/d 4872 468 1.34 (1.18, 1.51)  1.20 (1.09, 1.33) 4555 435 1.39 (1.25, 1.55)  1.24 (1.14, 1.35)
20.0-29.9 g/d 1250 113 1.32 (1.19, 1.46)  1.17 (1.07, 1.29) 1692 142 1.43 (1.31, 1.55)  1.27 (1.20, 1.35)
=30.0 g/d 2015 173 1.31 (1.18, 1.44)  1.19 (1.13, 1.26) 1657 143 1.32 (1.19, 1.45)  1.22 (1.15, 1.30)
P-trend — — <0.0001 <0.0001 — — <0.0001 <0.0001

1.09 (1.04, 1.15)  1.06 (1.03, 1.08) — — 1.11 (1.04, 1.17) ~ 1.06 (1.03, 1.10)

"Multivariable analyses in Cox proportional hazards models were adjusted for age, BMI (in kg/mz; <18.5, 18.5-24.9, 25.0-29.9, 30.0-34.9, or =35.0),
smoking status (never, past, or current with 1-14, 15-24, or =25 cigarettes/d), physical activity (quintiles), caffeine intake (quintiles), ethnicities (Southern
European, Scandinavian, other Caucasian, nonwhite, or other ancestry), family history of melanoma (yes or no), natural hair color (red, blonde, light brown,
dark brown, or black), number of moles on arms or legs (none, 1-2, 3-5, 6-9, or =10), skin reaction to sun exposure as a child/adolescent (none/some redness,
burn, or painful burn/blisters), number of severe sunburns (none, 1-2, 34, 5-9, or =10), cumulative UV flux since baseline (quintiles), average time spent in
direct sunlight in summer months (<2, 2-5, or =6 h/wk), and use of sunscreen in summer months (yes or no). Results in different cohorts were pooled with
the use of a random-effects model. HPFS, Health Professionals Follow-Up Study; NHS, Nurses’ Health Study.

Per 10-g/d increase — —

wine and liquor may be the 2 individual alcoholic beverages that
contributed to increased BCC risk. In addition, alcohol con-
sumption in early adulthood (ages 18-22 y) was also associated
with increased BCC risk particularly in women.

Several biological mechanisms have been proposed for in-
creased risk of skin cancer associated with alcohol. Acetaldehyde
is a major metabolite of ethanol and is known to have direct
mutagenic and carcinogenic effects (33). As a highly reactive
chemical, acetaldehyde serves as a photosensitizer and generates
reactive oxygen species and related intermediates on exposure to

UV radiation. Reactive oxygen species generated by this process
further induce oxidative DNA damage, enhance the binding
of acetaldehyde to DNA (genetic effect), and activate signal-
transduction cascades and prostaglandin synthesis (an epigenetic
effect), thereby leading to skin carcinogenicity (14). Alcohol also
has immunosuppressive effects that may alleviate the immune
surveillance on mutated cells and, thus, increase the propensity to
develop cancer (34). In combination with UV radiation, alcohol
can also induce skin tumors with a broader mutational spectrum in
a critical tumor-suppressor gene (i.e., p53) in mice (35).
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In support of alcohol’s photosensitizing effect, an early survey
reported that individuals who consumed alcohol at the beach had
more-severe sunburns than did nondrinkers (13), and an addi-
tional large population-based survey with 300,000 participants
also showed that excessive drinking was associated with higher
rates of sunburn (36). A history of sunburn is a strong predictor
of skin cancer and has been associated with increased risk of
BCC (24). Several epidemiologic studies have also investigated
the association between alcohol and BCC risk (7, 15-19), of
which 4 studies showed no association (16—19). However, most
of these studies were case-control studies and did not account
for several important skin cancer risk factors including UV ex-
posure and pigmentation traits (e.g., number of nevi and moles,
hair color, and skin sensitivity to prolonged sun exposure).
Numbers of BCC cases included in these studies were also
relatively small and, thus, may have deterred from their ability
to detect a modest association.

Two early population-based investigations reported a non-
linear association between alcohol and BCC risk (7, 15), in-
cluding one study that used the NHS and HPFS data that was
published more than a decade ago (15). With a much longer
follow-up (24-26 y) and many more BCC cases in the NHS and
HPFS cohorts and the addition of the third cohort the NHS 1I,
we accumulated a sufficiently large sample for a comprehensive
evaluation of the association between alcohol and BCC risk. In
the current study, we were also able to control for UV exposure in
a finer manner than was done in the previous study by adjusting
for sun-exposure variables more extensively (e.g., annual UV flux
at residence and average time spent in direct sunlight). The non-
monotonic association between alcohol and BCC risk has also
been reported in another cohort study (United States Radiological
Technologists) (7). However, the study was not able to examine
the association of BCC with specific alcoholic beverages.

Our findings of BCC risk with different alcoholic beverages
are somewhat consistent with results of a recent Danish study
with 2409 BCC cases (6). The Danish study did not find a sig-
nificant association between total alcohol intake and BCC risk
but identified increased BCC risk associated with intakes of wine
and spirits (liquor) and decreased risk with intake of beer.
However, the study was not able to differentiate between red wine
and white wine, which were shown to be differently associated
with BCC risk in the current study. The different associations
for specific beverages may be explained by potential combined
effects of ethanol and other chemicals contained in the alcoholic
beverages. Wine contains phenolic compounds, many of which
have antioxidant activities (37). Compared with white wine, red
wine contains higher amounts of phenolic compounds and can
increase the serum antioxidant capacity more apparently after
ingestion (38). In recent years, in vitro and in vivo experiments
have provided a growing body of evidence for the anticarcino-
genic effects of phenolic compounds (39). Therefore, the dif-
ferent associations of BCC risk with red and white wines may be
explained by the different amounts of phenolic compounds
contained in the wines. Liquor (spirits) has the highest alcohol by
volume because of distillation and lower amounts of phenolic
compounds than in wines (40) and, thus, may also possess the
ability to elicit cutaneous carcinogenic effects. A previous in vivo
study showed that nonalcoholic extracts of beer have inhibitory
effects on heterocyclic amine—induced DNA adduct formation
in mice and, thus, are protective against genotoxic effects of
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heterocyclic amines associated with tumorigenesis (41). Whether
the nonalcoholic extracts of beer also have inhibitory effects
against skin tumorigenesis is unknown. However, if these effects
are confirmed in future studies, they may help explain the null
association of beer and BCC risk.

The strengths of our study included its prospective design,
large sample size, long-term follow-up over 20-26 y, repeated
assessments of dietary and lifestyle factors, the ability to dif-
ferentiate between major alcoholic beverages, and the ability to
control for a number of skin cancer risk factors and potential
confounders on the basis of detailed cohort follow-up informa-
tion. Our study also had several limitations. First, the studied
cohorts comprised well-educated health professionals and, there-
fore, were not a representative sample of the US population.
However, the restriction of the sample to health professionals also
reduced potential residual confounding from socioeconomic sta-
tus, which has been implicated in the assessment of health risk
associated with alcohol consumption (42). Second, the outcome
disease of BCC was accessed on the basis of self-reports. Nev-
ertheless, our study participants were well-educated health pro-
fessionals who were more likely to have a better understanding of
BCC than other populations do, and previous pilot studies also
showed a high validity of self- reported BCC in subgroups of the
cohort participants (21, 22). Therefore, a misclassification in BCC
would be expected to be minimal and would not have biased any
association materially. In addition, almost all of our findings were
consistent over different study cohorts, and therefore, the validity
of the study findings was ensured. Third, although we adjusted for
a number of potential confounders including sun-exposure mea-
sures in the analysis, it was possible that residual confounding by
sun exposure and other unmeasured factors such as personal
behaviors related to alcohol use may have still existed in the
current study. Nevertheless, our study was one of the few pro-
spective studies that had extensive data on sun-exposure in-
formation. and whether the association between alcohol and
BCC risk is causal could be further investigated with more data
from future studies.

In conclusion, our findings support increased BCC risk in
association with alcohol consumption that was independent of
sun exposure and other potential confounders on the basis of
data from 3 large cohorts. The identified association was con-
sistently positive in both women and men with the use of different
approaches of analyses. White wine and liquor may be the major
alcoholic beverages that contribute to increased BCC risk. In
addition, alcohol consumption in early adulthood (ages 18-22 y)
was also associated with modest BCC risk after adjustment for
alcohol intake in adulthood, particularly in women. Because of
the prevalent alcohol consumption and high incidence of BCC
in the population, our findings may help advance the un-
derstanding of the disease cause and be potentially useful for
the prevention of cutaneous BCC. Nevertheless, additional studies
are needed to replicate our findings in other populations and to
explore the exact mechanisms behind the increased risk of
BCC associated with alcohol consumption.

The authors’ responsibilities were as follows—SW: drafting of the man-
uscript; AAQ and EC: administrative, technical, or material support (i.e.,
reporting or organizing data, constructing databases); SW and EC: study
supervision; and all authors: study concept and design; development of
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managed patients, and provided facilities); analysis and interpretation of the
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REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

American Cancer Society. Cancer facts & figures 2014. Atlanta (GA);
American Cancer Society; 2014.

Basal and squamous cell skin cancer. Atlanta (GA): American Cancer
Society, 2015. American Cancer Society. [Internet]. [cited 2014
Nov 26]. Available from: http://www.cancer.org/cancer/skincancer-
basalandsquamouscell/detailedguide/skin-cancer-basal-and-squamous-
cell-key-statistics.

. Rogers HW, Weinstock MA, Harris AR, Hinckley MR, Feldman SR,

Fleischer AB, Coldiron BM. Incidence estimate of nonmelanoma skin
cancer in the United States, 2006. Arch Dermatol 2010;146:283-7.

. Guy GP, Ekwueme DU. Years of potential life lost and indirect costs of

melanoma and non-melanoma skin cancer: a systematic review of the
literature. Pharmacoeconomics 2011;29:863-74.

. Machlin S, Carper K, Kashihara D. Health care expenditures for non-

melanoma skin cancer among adults, 2005-2008 (average annual)
[Internet]. Rockville (MD): Agency for Healthcare Research and
Quality; 2011. [cited 2015 Apr 30]. Available from: http://www.meps.
ahrq.gov/mepsweb/data_files/publications/st345/stat345.shtml.

. Jensen A, Birch-Johansen F, Olesen AB, Christensen J, Tjonneland A,

Kjaer SK. Intake of alcohol may modify the risk for non-melanoma
skin cancer: results of a large Danish prospective cohort study. J Invest
Dermatol 2012;132:2718-26.

. Freedman DM, Sigurdson A, Doody MM, Mabuchi K, Linet MS. Risk

of basal cell carcinoma in relation to alcohol intake and smoking.
Cancer Epidemiol Biomarkers Prev 2003;12:1540-3.

. World Cancer Research Fund. Food, nutrition, physical activity, and

the prevention of cancer: a global perspective. Washington (DC):
American Institute for Cancer Research; 2007.

. Chen WY, Rosner B, Hankinson SE, Colditz GA, Willett WC. Mod-

erate alcohol consumption during adult life, drinking patterns, and
breast cancer risk. JAMA 2011;306:1884-90.

Gong Z, Kristal AR, Schenk JM, Tangen CM, Goodman PJ, Thompson
IM. Alcohol consumption, finasteride, and prostate cancer risk: results
from the Prostate Cancer Prevention Trial. Cancer 2009;115:3661-9.
Jiao L, Silverman DT, Schairer C, Thiebaut AC, Hollenbeck AR,
Leitzmann MF, Schatzkin A, Stolzenberg-Solomon RZ. Alcohol use
and risk of pancreatic cancer: the NIH-AARP Diet and Health Study.
Am J Epidemiol 2009;169:1043-51.

Cho E, Smith-Warner SA, Ritz J, van den Brandt PA, Colditz GA,
Folsom AR, Freudenheim JL, Giovannucci E, Goldbohm RA, Graham
S, et al. Alcohol intake and colorectal cancer: a pooled analysis of 8
cohort studies. Ann Intern Med 2004;140:603—-13.

Warthan MM, Sewell DS, Marlow RA, Warthan ML, Wagner RF Jr.
The economic impact of acute sunburn. Arch Dermatol 2003;139:
1003-6.

Saladi RN, Nektalova T, Fox JL. Induction of skin carcinogenicity by
alcohol and ultraviolet light. Clin Exp Dermatol 2010;35:7-11.

Fung TT, Hunter DJ, Spiegelman D, Colditz GA, Rimm EB, Willett
WC. Intake of alcohol and alcoholic beverages and the risk of basal cell
carcinoma of the skin. Cancer Epidemiol Biomarkers Prev 2002;11:
1119-22.

Ansems TM, van der Pols JC, Hughes MC, Ibiebele T, Marks GC,
Green AC. Alcohol intake and risk of skin cancer: a prospective study.
Eur J Clin Nutr 2008;62:162-70.

Corona R, Dogliotti E, D’Errico M, Sera F, Iavarone I, Baliva G,
Chinni LM, Gobello T, Mazzanti C, Puddu P, et al. Risk factors for
basal cell carcinoma in a Mediterranean population: role of recreational
sun exposure early in life. Arch Dermatol 2001;137:1162-8.

Milan T, Verkasalo PK, Kaprio J, Koskenvuo M. Lifestyle differences
in twin pairs discordant for basal cell carcinoma of the skin. Br J
Dermatol 2003;149:115-23.

Sahl WJ, Glore S, Garrison P, Oakleaf K, Johnson SD. Basal cell
carcinoma and lifestyle characteristics. Int J Dermatol 1995;34:398—
402.

WU ET AL.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

Thygesen LC, Wu K, Gronbaek M, Fuchs CS, Willett WC, Giovannucci
E. Alcohol intake and colorectal cancer: a comparison of approaches for
including repeated measures of alcohol consumption. Epidemiology
2008;19:258-64.

Colditz GA, Martin P, Stampfer MJ, Willett WC, Sampson L, Rosner
B, Hennekens CH, Speizer FE. Validation of questionnaire information
on risk factors and disease outcomes in a prospective cohort study of
women. Am J Epidemiol 1986;123:894-900.

van Dam RM, Huang Z, Giovannucci E, Rimm EB, Hunter DJ, Colditz
GA, Stampfer MJ, Willett WC. Diet and basal cell carcinoma of the
skin in a prospective cohort of men. Am J Clin Nutr 2000;71:135-41.
Giovannucci E, Colditz G, Stampfer MJ, Rimm EB, Litin L, Sampson
L, Willett WC. The assessment of alcohol consumption by a simple
self-administered questionnaire. Am J Epidemiol 1991;133:810-7.
Wu S, Han J, Li WQ, Li T, Qureshi AA. Basal-cell carcinoma in-
cidence and associated risk factors in U.S. women and men. Am J
Epidemiol 2013;178:890-7.

Zhang M, Qureshi AA, Geller AC, Frazier L, Hunter DJ, Han J. Use of
tanning beds and incidence of skin cancer. J Clin Oncol 2012;30:1588—
93.

Scotto J, Cotton G, Urbach F, Berger D, Fears T. Biologically effective
ultraviolet radiation: surface measurements in the United States, 1974
to 1985. Science 1988;239:762—4.

Scotto J, Fears TR, Fraumeni JF Jr. Solar radiation. In: Schottenfeld D,
Fraumeni JF Jr., editors. Cancer epidemiology and prevention. 2nd ed.
New York: Oxford University Press; 1996. p. 355-72.

Jemal A, Devesa SS, Fears TR, Hartge P. Cancer surveillance series:
changing patterns of cutaneous malignant melanoma mortality rates
among whites in the United States. J Natl Cancer Inst 2000;92:811-8.
Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet
and lifestyle and long-term weight gain in women and men. N Engl J
Med 2011;364:2392-404.

Smith-Warner SA, Spiegelman D, Ritz J, Albanes D, Beeson WL,
Bernstein L, Berrino F, van den Brandt PA, Buring JE, Cho E, et al.
Methods for pooling results of epidemiologic studies: the Pooling
Project of Prospective Studies of Diet and Cancer. Am J Epidemiol
2006;163:1053-64.

Hu FB, Stampfer MJ, Rimm E, Ascherio A, Rosner BA, Spiegelman D,
Willett WC. Dietary fat and coronary heart disease: a comparison of
approaches for adjusting for total energy intake and modeling repeated
dietary measurements. Am J Epidemiol 1999;149:531-40.

Durrleman S, Simon R. Flexible regression models with cubic splines.
Stat Med 1989;8:551-61.

TARC monographs on the evaluation of the carcinogenic risk of
chemicals to man: some miscellaneous pharmaceutical substances.
TARC Monogr Eval Carcinog Risk Chem Man 1977;13:1-255.
Merimsky O, Inbar M. Alcohol intake-associated skin and mucosal
cancer. Clin Dermatol 1999;17:447-55.

. Badgwell DB, Walker CM, Baker WT, Strickland FM. Ethanol and

aloe emodin alter the pS3 mutational spectrum in ultraviolet radiation-
induced murine skin tumors. Mol Carcinog 2004;39:127-38.
Mukamal KJ. Alcohol consumption and self-reported sunburn: a cross-
sectional, population-based survey. J Am Acad Dermatol 2006;55:
584-9.

Rice-Evans CA, Miller NJ, Bolwell PG, Bramley PM, Pridham JB. The
relative antioxidant activities of plant-derived polyphenolic flavonoids.
Free Radic Res 1995;22:375-83.

Whitehead TP, Robinson D, Allaway S, Syms J, Hale A. Effect of red
wine ingestion on the antioxidant capacity of serum. Clin Chem 1995;
41:32-5.

Zhang HM, Zhao L, Li H, Xu H, Chen WW, Tao L. Research progress
on the anticarcinogenic actions and mechanisms of ellagic acid. Cancer
Biol Med 2014;11:92-100.

Heinonen IM, Lehtonen PJ, Hopia AI. Antioxidant activity of berry and
fruit wines and liquors. J Agric Food Chem 1998;46:25-31.
Arimoto-Kobayashi S, Takata J, Nakandakari N, Fujioka R, Okamoto
K, Konuma T. Inhibitory effects of heterocyclic amine-induced DNA
adduct formation in mouse liver and lungs by beer. J Agric Food Chem
2005;53:812-5.

Naimi TS, Brown DW, Brewer RD, Giles WH, Mensah G, Serdula
MK, Mokdad AH, Hungerford DW, Lando J, Naimi S, et al. Car-
diovascular risk factors and confounders among nondrinking and
moderate-drinking U.S. adults. Am J Prev Med 2005;28:369-73.



