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Background/Objective: Data suggest that modifiable risk factors such as alcohol and
tobacco use may increase the risk of breast cancer (BC) recurrence and reduce survival,
Female BC mortality in South Carolina is 40% higher among African Americans (AAs) than
European Americans (EAs). Given this substantial racial disparity, using a cross-sectional
survey design we examined alcohol and tobacco use in an ethnically diverse statewide
study of women with recently diagnosed invasive breast cancer. This included a unique
South Carolina AA subpopulation, the Sea Islanders (Sl), culturally isolated and with the
lowest European American genetic admixture of any AA group.

Methods: Participants (42 EAs, 66 non-SI AAs, 29 Sls), diagnosed between August
2011 and December 2012, were identified through the South Carolina Central Cancer
Registry and interviewed by telephone within 21 months of diagnosis. Self-reported
educational status, alcohol consumption and tobacco use were obtained using elements
of the Behavior and Risk Factor Surveillance System questionnaire.

Results: Alcohol: EAs were approximately twice as likely to consume alcohol (40%)
and to be moderate drinkers (29%) than either AA group (consumers: 24% of non-Sl
AAs, 21% of Sls; moderate drinkers 15 and 10% respectively). Users tended to be
younger, significantly among EAs and non-SlI AAs, but not Sls, and to have attained more
education. Heavy drinking was rare (<1%) and binge drinking uncommon (<10%) with no
differences by race/ethnicity. Among both AA subgroups but not EAs, alcohol users were
six to nine times more likely to have late stage disease (Regional or Distant), statistically
significant but with wide confidence intervals. Tobacco: Current cigarette smoking (daily
or occasional) was reported by 14% of EAs, 14% of non-SI AAs and 7% of Sls. Smoking
was inversely associated with educational attainment. Use of both alcohol and cigarettes
was reported by 3-6% of cases.
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Conclusions:

Prevalences of alcohol and cigarette use were similar to those in the

general population, with alcohol consumption more commmon among EAs. Up to half of
cases used alcohol and/or tobacco. Given the risks from alcohol for disease recurrence,
and implications of smoking for various health outcomes, these utilization rates are of

concern.

Keywords: breast cancer, African Americans, Sea Islanders, alcohol consumption, cigarette smoking,
survivorship, recurrence, modifiable risk factors

INTRODUCTION

With the advent of better detection methods and more effective
adjuvant therapies, cancer survivorship has steadily increased,
with an estimated 3.3 million female breast cancer survivors
in the United States as of 2014 (1). However, despite overall
increases in breast cancer survival rates, for decades now survival
has been lower in African American (AA) women than in
European American (EA) women. According to SEER data for
2006-2012, 5-year relative survival from invasive breast cancer
was 12% lower in AAs. This disparity in survival is present
across all stages of breast cancer, with the least disparity seen
with localized disease (5%) but increasing to 13% for regional
and 33% for distant stage breast cancer (1). This national
disproportionality is also observed in South Carolina, where
female breast cancer mortality rates averaged 40% higher among
AAs than EAs (28.6 and 20.4/100,000 respectively for 2007-2016)
(2). In light of increases in survivorship, research has focused on
factors that may affect prognosis and survival and whether these
factors contribute to the persistent disparities in mortality.

Alcohol and tobacco use are potential modifiable risk factors
for poor breast cancer outcomes. Elevated alcohol intake has been
linked to modestly increased risk of recurrence (3), specifically
among postmenopausal women (4). However, this is still a
controversial association as other studies have either shown
no association between alcohol consumption and recurrence
and/or mortality (5, 6) or have been inconclusive (7). This
discrepancy in findings may be attributable to various aspects of
study design and analysis, plus limited mortality events (8). In
addition, studies that seek to find a relationship between alcohol
consumption and breast cancer have primarily been conducted
on European women only (9-11) and can vary depending on the
type of alcohol and quantity consumed (12).

Alcohol is now also considered an established risk factor for
breast cancer, associated both with a higher likelihood of breast
cancer diagnosis and with worse treatment outcomes (8, 13, 14).
This relationship to breast cancer etiology and recurrence is
not surprising, as alcohol is a known carcinogen (15) through
its metabolism to acetaldehyde (16, 17). Acetaldehyde interferes
with DNA synthesis and repair, and in vitro studies have shown
that acetaldehyde causes cytogenetic abnormalities in eukaryotic

Abbreviations: AA, African-American; BC, Breast cancer; BRFSS, Behavior
and Risk-Factor Surveillance System; CDC, Centers for Disease Control and
Prevention; EA, European-American; ER, Estrogen receptor; MUSC, Medical
University of South Carolina; OR, Odds ratio; PR, Progesterone receptor; SC,
South Carolina; SCCCR, South Carolina Central Cancer Registry; SI, Sea Islander.

cells (18, 19). Alcohol-related carcinogenesis and promotion of
cancer may also interact with other factors such as smoking,
diet, endogenous and exogenous hormones, comorbidities, and
genetic susceptibilities and in vitro study suggests it may
attenuate the effects of Tamoxifen (15, 20-23).

Cigarette smoking may also increase breast cancer mortality
among patients who smoke following breast cancer diagnosis and
treatment (24). In North Carolina, Parada et al. (25) reported a
54% elevated hazard rate of 13 year smoking-related conditional
breast cancer-specific mortality in the Carolina Breast Cancer
Study, particularly among AAs. This mortality may be due to
increased metastatic potential of breast cancer cells leading to
later disease stage diagnoses (26-29). Excess all-cause mortality
among breast cancer survivors who smoke has also been reported
(24, 30), as smoking is associated with factors leading to poorer
health outcomes such as lower socioeconomic status, decreased
physical activity and comorbidities (31-34). Genetic factors may
also influence susceptibility to carcinogens in cigarette smoke
(35). Cigarette smoking may also increase risk for breast cancer
among women who consume alcohol (15), particularly if they
started smoking before or soon after menarche or have a family
history of breast cancer (36). In a recent study of women in
North Carolina, risk for breast cancer was found to be increased
with long duration of cigarette smoking in AAs only, although
potential confounding with alcohol was not examined (37).

In the United States, AAs comprise one of the largest
heterogeneous ethnic groups. One sub-population of AAs is the
Sea Islanders/Gullah (SIs), descending from West Africans who,
skilled in rice farming, were enslaved to work the South Carolina
rice plantations in the 1700-1800s (38). The SIs, comprising
approximately 250,000 individuals, reside primarily in the fishing
and farming communities along the coastal Sea Islands extending
along the Atlantic coast from the southern corner of North
Carolina through South Carolina into northern Georgia. Their
geographic isolation and strong community life have enabled
them to preserve more of their African ethnic heritage and
genetics than any other historical AA group (38, 39), combining
“to produce one of the most distinctive reservoirs of African-
American culture in the United States” (40). This is reflected in
the distinctive SI dialect, Gullah, with cadences reminiscent of
West African languages, still in common use today. Thus, the SI
community provides a unique opportunity to further investigate
racial disparities in breast cancer in South Carolina.

This analysis is part of a feasibility study of breast cancer
among women in South Carolina, the first to compare three
ethnically different groups: two AA ethnic groups, those without
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known SI ancestry (non-SIs) and those considered SIs; and EAs.
For simplicity and to recognize the importance of investigating
breast cancer disparities between AAs and EAs, we use the term
“race/ethnicity” as we explore the differences and similarities
among these three groups.

Recognizing the implications for alcohol and tobacco use
on survivorship, the primary purpose of this analysis was to
characterize alcohol and tobacco use among women recently
diagnosed with breast cancer across these three South Carolina
racial/ethnic groups. Secondarily, we investigated whether
patterns of use correlated with age or education (socioeconomic
status and income were not available) and whether use within 6-
21 months after diagnosis, as a surrogate for the years prior to
diagnosis, correlated with cancer stage or tumor markers. We also
compared alcohol consumption and cigarette smoking among
our study sample with use in the general female population of
South Carolina, of the same races (EA and AA) and age range as
the study sample.

METHODS

Human Participant Protection

This study was carried out in accordance with the US Department
of Health and Human Subjects Policy for the Protection of
Human Research Subjects. The protocol was approved by the
IRBs of the Medical University of South Carolina (MUSC), and
the South Carolina Department of Health and Environmental
Control. All subjects gave verbal consent as allowed under the
policies of the above IRBs, as the research presented no more than
minimal risk of harm to subjects and involved no procedures
for which written consent is normally required outside of the
research context.

Study Design, Case Ascertainment, and

Recruitment

Case ascertainment and data collection steps in this cross-
sectional study are illustrated in the CONSORT diagram
(Figure 1). Potential study participants were identified through
the South Carolina Central Cancer Registry (SCCCR) of the
South Carolina Department of Health and Environmental
Control. They consisted of adult women residing in South
Carolina, diagnosed with invasive breast cancer of known stage at
age 21 years or older, and whose race was recorded in the SCCCR
as non-Hispanic, either Black (AA) or White (EA).

SCCCR study staff contacted each identified potentially
eligible case by telephone after receiving passive physician
approval [treating physician was asked to respond to
investigators only to forbid contact with a potential subject
(41)]. Women who declared an interest in participating (“opted
in”) were referred to MUSC study personnel, who conducted
a brief telephone interview. Cases were diagnosed between
August 2011 and December 2012. All interviews were completed
by December 2013, within 6-21 months of diagnosis. For this
feasibility study, target sample size was 30 women in each of the
three ethnic groups. This resulted in oversampling of AAs, as SI
ethnicity was determined during MUSC interview.

Ethnicity Determination

Race/ethnicity of each participant was categorized based on that
of parents and grandparents as reported in the MUSC interview:
EA if the candidate considered all four grandparents to be of
European origin, or AA if all four grandparents were AA. Among
AAs, the study candidate was sub-classified as Sea Islander (SI)
if (a) she considered herself to be a SI, coming from the SI
geographic region of South Carolina (i.e., 30 miles or less from
the Atlantic coast), and (b) either all four AA grandparents were
born in this region or, in cases where the birthplace of all four
grandparents was not known, at least both AA parents were born
in this region. Women who did not meet these definitions, for
example women of mixed race or unknown ancestry, or who
reported Asian or Hispanic ancestry, were excluded from the
study. Thus, this study included only Non-Hispanic EA and AA
women.

The geographic definition of the SI region was established
by researchers of the Sea Islander/Gullah people (38, 39), and
recognizes the unique history and geography of the South
Carolina coastal barrier (sea) islands region (40).

Data Collection

The SCCCR provided data on age at diagnosis, race and
breast cancer characteristics (stage, tumor markers). Trained
MUSC interviewers administered a short telephone interview
with each participant to verify date of birth and obtain self-
reported race, ethnicity, education, height and weight, plus
alcohol consumption and cigarette smoking during the past 30
days.

Breast cancer estrogen receptor (ER) and progesterone
receptor (PR) expression were categorized as “negative” if
reported in the SCCCR data as “negative” or “borderline.” HER-2
expression was categorized as negative if reported as “negative,’
“borderline,” or “within normal limits.” Tumors negative for all
three markers were labeled triple-negative.

Alcohol consumption and cigarette smoking during the
past 30 days were ascertained using questions selected from
the Centers for Disease Control and Prevention (CDC) 2010
Behavioral Risk Factor Surveillance Survey (BRESS) (Figure 2)
(42). The BRESS is a state-based system of health surveys that
provides valid and reliable estimates of population health risk
behaviors, clinical preventive health practices, and health-care
access, primarily related to chronic disease and injury (43, 44).

Published CDC guidelines were used to characterize alcohol
and tobacco use (45, 46), where moderate alcohol consumption
is defined as up to one drink/day (for women) consumed on
any given day and not an average over several days, heavy
consumption as a daily average of more than one drink/day (8
drinks or more per week), and binge drinking as four or more
drinks on a single occasion. Because our questionnaire did not
define “one drink” in terms of ounces consumed, we used the
number of drinks as reported by the participants.

Tobacco use (cigarettes) was defined as “yes” if the participant
reported having smoked at least 100 cigarettes during her lifetime
(46). Smokers were categorized as “daily” if they reported now
(time of interview) smoking cigarettes every day, “sometimes” if
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CONSORT DIAGRAM
§ Candidates: N=365
E European American (EA)* African American (AA)*
3 102 263
(%]
Q
[
o +
2 Excluded: N=7 (2%) Total EA* AA*
o MD Active Refusal/Not Reachable 3 3 0
£ Poor Mental State il 1 0
-5 Deceased 3 0 3
§ Sub Total 7 (2%) 4(4%)  3(1%) Opted In: N=162 (44%)
f Not Recruited: N=196 (54%) Total EA* AA* EAr AA*
& Could Not Be Contacted 42 (12%) 8(8%) 34(13%) 52 (51%) 110 (42%)
O Passive Refusal** 80 (22%) 24 (24%) 56 (21%)
s Outside Time Window 8 ( 2%) 2(2%) 6(2%)
§ Opted Out 66 (18%) 12 (12%) 54 (21%)
Sub Total 196 (54%) 46 (45%) 150 (57%)
v
Not Interviewed: N=25 (15%) Total EA* AA*
Passive Refusal** 21 (13%) 10 (19%) 11 (10%)
Mixed EA & AA (not eligible) 1( 1%) 0 1( 1%)
3 Interview not competed 2( 1%) 0 2( 2%)
9 Active Refusal 1(1%) 0 1(1%)
5 TOTAL 25 (15%) 10 (19%) 14 (13%)
£
Q
n
=2
s Interviewed: N=137 (85%)
EA AA: Sea Islander (SI) Non-S|
42 (81%) 95 (86%) 29 66
* Race as recorded in SCCCR (self-reported race was used at Interview).
** Passive Refusal: not responding to repeated calls.
%'’s: denominators are obtained from next higher step, e.g. the number Interviewed (137) is 85% of those who Opted In (162).
FIGURE 1 | CONSORT diagram.

smoking on some days, and “none” if they reported not smoking
now at all.

To assess how representative our study population was of
incident breast cancer cases statewide, age at diagnosis and
disease stage were compared to SCCCR data for all invasive
cases (of known stage) diagnosed during 2011-2012 among
non-Hispanic EA and AA women of the same age range as
study participants. In addition, educational attainment, alcohol
and tobacco use among study participants were compared with
2012-2013 South Carolina BRFSS data for women of the same
age range as the study participants (provided by the Division
of Surveillance of South Carolina Department of Health and

Environmental Control). These data represent the entire female
population, and are not restricted to women with breast cancer.
Note that AA ethnicity is not available in BRFSS data.

Statistical Analysis

Participant demographic and tumor characteristics, alcohol
and tobacco use were summarized using standard descriptive
statistics. In accordance with the primary purpose of this study,
statistical analyses examined differences among and between
the three racial/ethnic groups: EAs, non-SI AAs, and SI AAs.
Differences were evaluated using t-tests, Wilcoxon rank sum
and Kruskal-Wallis H non-parametric analysis for continuous
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Tobacco Use

1. Have you smoked at least 100 cigarettes in your entire life? [NOTE: 5 packs = 100
cigarettes]

O Yes

O No [SKIP to Alcohol]

O Don‘t know / Not sure [SKIP to Alcohol]
O Refused [SKIP to Alcohol]

2. Do you now smoke cigarettes every day, some days, or not at all?

O Every day
O Some days
O Notatall
O Don’t know / Not sure
O Refused
Alcohol Use

1. During the past 30 days, on how many days did you have at least one drink of alcohol?

o) 0,1,2,3,4, 5,..)
O Don’t know / Not sure
O Refused [SKIP to next section]

2. During the past 30 days, on the days when you drank, how many drinks did you usually

have?
s O | 1 T I e SO, |
O Don’t know / Not sure
O Refused

3. How many times during the past 30 days did you have 4 or more drinks in one day?

& 0.1,2,3,3. 500
O Don’t know / Not sure
O Refused

4. During the past 30 days, what is the highest number of drinks you had in one day?

o __ (0,1,2,3,4,5,..)
O Don’t know / Not sure
O Refused [SKIP to next section]

FIGURE 2 | Questions used to determine tobacco and alcohol use. Questions were selected from the Tobacco Use and Alcohol Consumption modules of the
Centers for Disease Control and Prevention (CDC) 2010 Behavioral Risk Factor Surveillance Survey (BRFSS). CDC (42).
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data as appropriate, and chi-square or Fisher exact tests for
categorical data. Simple linear and logistic regression modeling
techniques were used to investigate associations between alcohol
consumption, tobacco use, age, and cancer characteristics. Age
at interview was used in analyses of self-reported data. For
comparison of breast cancer characteristics with population-
based state-level data, age at diagnosis was used. Statistical
analyses were conducted using STATA 10.1 (47). All tests were
two-tailed; p-values less than 0.05 were considered statistically
significant.

RESULTS
Study Population

The analytic study sample was derived from 365 potential
candidates identified from the SCCCR by registry staff
(CONSORT Diagram: Figure 1), of whom 162 (44%) opted-in
and were referred to MUSC data collection personnel. Of these,
137 (85%) women met all eligibility criteria and completed the
telephone interview. The study sample was thus comprised of 42
EAs, 66 non-SI AAs and 29 SIs. Recruitment rates did not differ
significantly by race: 42% of AAs and 51% of EAs identified by
SCCCR staff opted-in (p = 0.11), and 86 and 81% respectively of
these completed the MUSC interview (p = 0.36).

Ascertainment of SIs presented specific challenges, as AA
ethnicity is not recorded in the SCCCR. We therefore
oversampled AAs, focusing on the coastal region, until reaching
the target sample size of 30 participants per racial/ethnic group.
This resulted in the non-SI AA sample (n = 66) exceeding our
target. One SI was later determined to be ineligible, resulting in
29 SIs in the final analytic sample. EA telephone interviews were
continued until SI recruitment was complete (n = 42).

Socio-Demographic Characteristics

Age at interview ranged from 38.2 to 90.7 years (Table 1). EAs
tended to be older (median age 63.0 years) than non-SI AAs
(55.7) with SI’s intermediate (58.6). Educational attainment, a
surrogate for socio-economic status, did not vary significantly
among the three patient groups, with 45% (SIs) to 55% (non-
SI AAs) to 64% (EAs) having earned more than a highschool
diploma.

Breast Cancer Characteristics

Non-SI AAs were most likely to be diagnosed with late stage
disease (Regional or Distant), significantly different from EAs
and SIs; and least likely to have estrogen receptor expression (ER)
positive cancer, significantly different from EAs only. Among SIs,
cancer stage, ER, PR and triple-negative status (negative for ER,
PR, and HER-2 expression) were more similar to EAs than non-SI
AAs, an unexpected finding (Table 1).

Alcohol Consumption

A minority of participants self-identified as consuming alcohol
(Table 2), a practice more prevalent among EAs (40%) than either
AA group (24% of non-SIs and 21% of SIs). Moderate drinking
(defined as usual consumption of up to one drink per day on
days alcohol is consumed) was also more prevalent among EAs

(29%) than AAs (15 and 10% respectively). While no statistically
significant differences were observed in 3-way tests, EAs were
significantly more likely than AAs (non-SI and SI combined) to
consume alcohol, and to practice moderate drinking (p-values
each 0.038). About 9% (non-SIs) to 12% (EAs) consumed more
than one glass per day when drinking, not different among
or between racial/ethnic groups. Heavy drinking (more than
one drink per day on average during the past 30 days) was
rare, reported by only two of the 137 study participants. Binge
drinking (consuming four or more drinks on any given day) was
reported by 10% of both EAs and SIs, and 3% of non-SI AAs.
Neither heavy nor binge drinking differed significantly among or
between ethnic or racial groups.

Alcohol consumers tended to be younger than abstainers
(Tables 2, 3), regardless of race/ethnicity. Compared to
abstainers, median age of consumers was 19 years younger
among EAs (p < 0.001), 11 years younger among non-SI AAs
(p =0.010), and 5 years younger among SIs (p = 0.283). Alcohol
use was two to three times more prevalent among women with a
college degree, a non-significant trend seen in EAs and non-SI
AAs but not among SIs (Table 3).

Late stage disease (Regional or Distant) was significantly
associated with consuming alcohol (Table 3), specifically among
AAs whether SI (odds ratio (OR) = 6.0, p = 0.015) or non-SI
(OR = 9.5, p = 0.033). However 95% confidence intervals were
very wide even with all AAs combined, reflecting small cells, and
so these findings should be interpreted with caution. Alcohol
consumption was not consistently or significantly associated with
tumor ER, PR, or triple-negative status in any racial/ethnic group
(data not shown).

Cigarette Smoking

Ever smoking (Table 2) was reported by 50% of EAs, almost
twice that of the AA groups (29% of non-SI AAs, p = 0.026 and
24% of SIs, p = 0.047). In contrast, only 12% of participants
reported current use of cigarettes (daily or occasionally),
with no significant differences by racial/ethnic group. As
with alcohol consumption, current smoking was less common
among older women of each race/ethnicity although not
statistically significant (Table 3). Women with at least some
college education were less likely to smoke (OR = 0.19;
p = 0.010), a trend observed but not significant within each
racial/ethnic group. No significant or consistent associations
were observed between current smoking and cancer stage, or ER
status.

Alcohol Consumption and/or Cigarette
Smoking

Consuming alcohol and/or currently smoking cigarettes was
more prevalent among EAs (50%) than non-SI AAs (32%,
p = 0.070) or SIs (24%, p = 0.047), reflecting the higher use of
alcohol than cigarettes. One third to one half of current smokers
(EAs 33%, non-SI AAs 44%, and SIs 50%) also consumed alcohol,
but very few participants reported this double exposure (3-6% of
each racial/ethnic group).
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TABLE 1 | Participant demographics and breast cancer characteristics.

European American (EA) African American (AA) p-values
Non-Sea Islander Sea Islander (SI) EA vs. EAvs. Non-SI Slvs. EAvs.
Non-SI Non-SI vs. Sl EA AA
(N =42) (N = 66) (N =29) vs. Sl
N % N % N %
AGE AT INTERVIEW (YEARS)
Mean (std dev) 62.6 (£12.9) 57.6 (£12.0) 61.3 (+10.5) 0.091 0.044 0.160 0.648  0.086
Median (range) 63.0 (38.9-87.4) 55.7 (38.2-90.2) 58.6 (46.1-82.2) 0.107 0.053 0.160 0.607  0.101
EDUCATION
<HS Diploma 3 7% 12 18% 28% 0.190 0.562 0.292 0.029 0.194
HS Diploma/12 yrs 12 29% 18 27% 28%
Trade/Some 16 38% 19 29% 10%
College
College Degree 6 14% 10 15% 24%
Post Grad Degree 5 12% 7 11% 10%
>HS Diploma vs 27 64% 36 55% 13 45% 0.263 0.317 0.383 0.104  0.168
Other
BREAST CANCER
Localized 33 79% 31 47% 21 72% 0.011 0.004 0.074 0.886  0.027
Regional 8 19% 28 42% 7 24%
Distant 1 2% 7 11% 1 3%
Regional/Distant 9 21% 35 53% 8 28% 0.002 0.001 0.026 0.582  0.008
vs Localized
ER Positive 38 of 42 90.5% 43 of 65 66.2% 24 of 29 82.8% 0.011 0.005 0.139 0.471  0.015
PR Positive 34 of 42 81.0% 38 of 65 58.5% 26 of 29 89.7% 0.002 0.020 0.004 0.506  0.150
Triple Negative 3 of 39 7.7% 14 of 61 23.0% 2 of 21 9.5% 0.102 0.058 0.220 1.000 0.114

EA, European American; ER, estrogen receptor expression; HS, highschool; Non-SI, Non Sea Islander; PR, progesterone receptor expression; Sl, Sea Islander; std dev, standard

deviation.

Comparison With State-Level

Population-Based Data

To see how well our study sample represented the population
of breast cancer cases from which they were drawn, we
compared our study sample with all statewide cases on
several parameters (Table4). As with the study sample, this
comparison was restricted to invasive breast cancer of known
stage diagnosed in non-Hispanic White and Black women in
the same age range as our sample during the study period
(2011-2012). Mean ages at diagnosis were very similar: EAs
in our sample were less than two than years younger than
all South Carolina cases. However, our EA sample included
fewer cases of later stage (Regional or Distant) than in the
SCCCR (21 vs. 35%). Of interest, among state-level AA cases
(SI ethnicity data are not available in the SCCCR) mean age
at diagnosis and prevalence of later stage disease were between
the corresponding values found in our non-SI and SI study
samples.

We also compared education, alcohol consumption and
cigarette smoking among our study sample with South Carolina
population-based BRFSS data for non-Hispanic White and Black
women of the study sample age range. Our study cases were more
likely to have greater than a highschool diploma, or a college

degree, than in BRFSS data, particularly among EAs and non-
SI AAs. Taken together, these results suggest some recruitment
bias toward a better-educated study sample, with less advanced
disease at least among EAs.

Prevalence of some alcohol consumption during the past 30
days was very similar among our EA study cases and the BRFSS
general population, and somewhat lower among our AA cases.
Heavy and binge drinking prevalence did not exceed 10% of
study cases or 7% of the BRFSS general population. In both our
study sample and BRFSS data, current smoking was much less
prevalent than a history of ever smoking. These patterns were
similar among EAs of both populations. In contrast, non-SI AAs
resembled BRESS AAs, while SIs were less likely to have ever
smoked and half as likely to be current smokers compared to AAs
in the BRFSS sample.

DISCUSSION

The purpose of this study was to evaluate the prevalence of
modifiable outcome risk factors, alcohol and tobacco use, in
a genetically diverse population of recently diagnosed breast
cancer patients. Three groups were chosen as highly relevant to
understanding breast cancer disparities in South Carolina, and
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3.4%
24.1%

6.1%

31.8%

4.8%
50.0%

Alcohol and cigarettes

0.070 0.626 0.047 0.033

0.065

21

21

Alcohol and/or cigarettes

SI, Sea Islander; std dev, standard deviation.

aUsual consumption on days when alcohol was consumed.

b Average drinks/day over past 30 days exceeds 1 drink.

¢No participants consumed alcohol on 8-9 days per month.

dUsing non-parametric test of median ages.

as a representation of diversified genetics in the United States.
This diverse sample consisted of European Americans, African
Americans with varied genetic admixture, and African American
Sea-Islanders who have remained culturally and geographically
isolated, allowing for preservation of their African genetics (39)
and potentially unique cultural and environmental influences
(40). It is well established that AA’s have higher mortality from
invasive breast cancer when compared to their EA counterparts,
despite the fact that they are less likely to be diagnosed with
this disease. For many years now, research by many investigators
has focused on addressing and understanding why this survival
disparity exists, strongly suggesting a multifactorial and complex
interaction of tumor biology, stage at diagnosis, comorbidities,
and environmental influences (48). In addition, geographic
variation in mortality may be associated with social factors and
access to health care (49-51). While factors such as tumor biology
and genetics cannot be modified, life-style factors can potentially
be modified through behavioral adjustments.

Alcohol

Alcohol consumption after breast cancer diagnosis may modestly
increase risk of recurrence, particularly in post-menopausal
women, as well as breast cancer mortality and all-cause mortality
(3, 4), although this remains controversial with conflicting
reports, possibly influenced by differences in study design and
analyses (5-7, 52, 53). Alcohol is also a known breast cancer risk
factor (54-56), with the risk of invasive breast cancer increased
with greater daily alcohol consumption and likely greatest for
hormone sensitive cancers (57). These observations may result
from the inherent carcinogenic effects of alcohol through its
metabolism to acetaldehyde (16-19).

Among our sample of women recently diagnosed with breast
cancer, EAs were almost twice as likely as AAs (p = 0.038),
regardless of SI ancestry, to report consuming alcohol in the past
30 days: 40% of EAs, 24% of non-SIs and 21% of SIs. Moderate
consumption (up to one drink per day on days when alcohol was
consumed) was also significantly higher among EAs than AAs,
comprising one-half to one-third of drinkers respectively, while
about 10% of each group consumed more than one drink per day
on such days. Similar racial differences have also been found in
other work, including the Carolina Breast Cancer Study of breast
cancer survivors in North Carolina (44), with AA’s reporting less
alcohol consumption than EA’s (16, 58-60). This difference may
be driven by social customs, with AA women more likely than
EAs to choose not to drink for religious or cultural reasons (61).

Multiple studies have evaluated timing of alcohol exposure
and age, and it is likely that exposure to alcohol at early ages
may also affect a woman’s lifetime risk of developing breast
cancer (20, 62). Specifically, nulliparous breast tissue seems to
be more susceptible to neoplastic transformation and thus the
carcinogenic effect of alcohol in adolescent and early adult
years may contribute to cancer development (63-65). This is
of particular concern as younger women are increasingly likely
to participate in binge drinking, and greater consumption and
binge drinking may increase breast cancer risk (66). In our study
(cases ranged in age from 37 to 89 years) drinkers were, on
average, younger than those who consumed no alcohol, with few
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TABLE 3 | Alcohol consumption and cigarette smoking: associations with patient demographics and cancer characteristics.

Population N Odds ratio p-value 95% Confidence interval
ALCOHOL CONSUMPTION (YES vs. NO)
Age at Interview (year) Allg 137 0.92 <0.001 0.88; 0.96
EA 42 0.90 0.003 0.84; 0.97
AA: non-Sea Islander 66 0.93 0.015 0.88; 0.99
AA: Sea Islander 29 0.95 0.280 0.86; 1.05
Education: College Degreeb Allg 137 2.05 0.110 0.85; 4.93
EA 42 2.35 0.294 0.48; 11.54
AA: non-Sea Islander 66 3.02 0.091 0.84; 10.86
AA: Sea Islander 29 0.71 0.738 0.10; 5.26
Cancer Stage: Regional/Distant vs. Localized b Allg 137 3.29 0.013 1.29; 8.38
EA 42 0.32 0.280 0.04; 2.55
AA: non-Sea Islander 66 6.35 0.014 1.47; 27.56
AA: Sea Islander 29 9.33 0.034 1.19; 73.16
CURRENTLY SMOKE CIGARETTES (DAILY OR OCCASIONALLY)
Age at Interview (year) Allg 137 0.96 0.058 0.91; 1.00
EA 42 0.95 0.196 0.88; 1.03
AA: non-Sea Islander 66 0.96 0.213 0.90; 1.02
AA: Sea Islander 29 0.95 0.5623 0.81;1.12
Education: Some college or Allg 137 0.19 0.010 0.05; 0.67
Greater®:© EA 42 0.13 0.055 0.02; 1.05
AA: non-Sea Islander 66 0.30 0.153 0.06; 1.57
AA: Sea Islander 29 -d - -

AA, African American; EA, European American.
aAdjusted for race/ethnicity.
bAdjusted for age at interview.

CAttainment of a college degree was rare among smokers, therefore “Some college or greater” was used.

9Data inadequate for logistic analysis, due to collinearity.

consumers over age 70. Moderate intake was more common than
binge drinking, which ranged from 0 to 10% (although half of
SIs who consumed alcohol reported binge-drinking). While
we do not know whether study participants had reduced
their consumption since breast diagnosis, or when they began
consuming alcohol, it seems unlikely that women increased their
intake post diagnosis.

In our study, AAs were more likely than EAs to be diagnosed
with later stage cancer and to have ER or PR negative disease.
The more aggressive and less prognostically favorable breast
cancer subtype among AAs is a well-established racial disparity.
We found later stage disease significantly associated with
alcohol consumption (but not with amount consumed or binge
drinking) among AAs only, regardless of SI ethnicity. While these
associations have wide confidence intervals, this observation
suggests that alcohol consumption may bear further investigation
as a contributor to racial disparities in breast cancer risk.

Tobacco

Smoking is associated with a 2-fold higher rate of dying from
breast cancer compared to never smoking (24), as well as factors
leading to poorer outcomes among women with breast cancer:
including lower socioeconomic status (31), decreased physical

activity (67), and comorbidities (34). Nechuta et al. (53) evaluated
the late effects of post-diagnosis lifestyle factors in a prospective
sample of 6,295 ER positive Stage I-III breast cancer survivors,
for whom risk of late recurrence was of concern, in three pooled
cohorts from Shanghai, China (one study) and the US (2 studies).
Former heavy and current smokers had approximately 30%
increased risks of late recurrence, compared to never smokers, as
well as increased breast cancer-specific and all-cause mortality,
however it is not clear whether results were adjusted for alcohol
consumption.

In our study, 14% of EAs, 14% of non-SIs and 7% of SIs (no
significant differences) reported current smoking (occasionally
or daily). This is somewhat lower than reported for women in
North Carolina with recently diagnosed breast cancer (22% of
EAs and AAs), but consistent with their finding of no racial
difference in current smoking (25). In our study sample, EAs
were almost twice as likely to have ever smoked compared to
the AA groups, suggesting a greater degree of experimentation
earlier in life or that many women had quit. However, we do
not know whether prior smokers had quit smoking earlier in life,
or subsequent to their breast cancer diagnosis. Current smoking
was more prevalent among younger women and those with less
education, consistent with the Carolina Breast Cancer Study (25).
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TABLE 4 | Demographics, cancer stage, alcohol consumption and cigarette smoking: study population compared to state-level data.

European American (Whitea'b)

African American (Blacka'b)

Current study

SCCCR?, BRFSSP

Current study SCCCR?, BRFSSP

Non-SI Sl
(N =42 (N = 66) (N = 29)

Mean age at Diagnosis (years) 61.6 63.32 56.7 60.2 59.32
Regional/Distant stage 21% 35%2 53% 28% 48%2
Education:

More than Highschool 64% 57%P 56% 45% 449

College degree 26% 239%P 26% 34% 15%P
Alcohol Consumption (last 30 days):

Yes 40% 419%P 24% 21% 28%P

Heavy drinkers (>1 drink per day) 2% 6%P 0% 4% 3%P

Binge drinking (4+ drinks any day) 10% 7%P 3% 10% 6%P
Cigarette Smoking:

Ever smoked 50% 48%P 29% 24% 33%P

Current: Daily/Occasionally 14% 17%P° 14% 7% 14%P

BRFSS, Behavioral Risk Factor Surveillance Survey; SCCCR, South Carolina Central Cancer Registry; Sl, Sea Islanders.
4SCCCR, Includes all cases of invasive breast cancer of known stage diagnosed throughout South Carolina in 2011-2012, among adult non-Hispanic White (N = 4,848) or Black

(N = 1,580) women within the age range of study participants.

PBRFSS, Education, Alcohol consumption, Cigarette use: from South Carolina BRFSS 2012-2013, for non-Hispanic White and Black women within the age range of study participants,

provided by the Division of Surveillance of SC DHEC.

One third to one half of current smokers also consumed alcohol,
a double exposure that was nonetheless rare and reported by
only seven participants (3-6% by ethnicity), too infrequent to
investigate racial/ethnic differences.

In the last few years through large studies and meta-
analyses, cigarette smoking, whether active or passive, has
emerged as conferring moderate risk for breast cancer
(68, 69), the effect confounded by the effects of alcohol
consumption (36, 57). Multiple studies suggest a correlation
between smoking and alcohol use, and recent research
shows that these two behavioral effects combined may have
deleterious effects not only on breast cancer risk but also on
survivorship.

Strengths and Limitations
Our study is the first to use a statewide sampling approach
to investigate alcohol use and cigarette smoking among
women of South Carolina with recently diagnosed breast
cancer, and to specifically include Sea Islanders. Based upon
comparison with all SCCCR breast cancer cases, our EA
study sample included fewer cases with late stage disease
than expected, suggesting a possible EA recruitment bias
toward early stage disease; this pattern was not seen among
AAs combined as a single group. However, with no similar
studies of SIs for comparison and SI ethnicity not recorded
in the SCCCR, we cannot know whether our study sample
reflects age and disease characteristic typical of this AA
subgroup.

As with any study relying on self-reported behavioral data,
there are some limitations. There is potential for recall bias if
respondents found it difficult to remember and estimate the

number of alcoholic drinks consumed in the past 30 days,
and number of days involved. Some women may also have
under-reported their consumption (social desirability bias). Our
data for alcohol and tobacco use were obtained at between
6 and 21 months of diagnosis. We do not know whether or
how these behaviors may have changed since diagnosis or may
change again while women continue treatment and enter the
“survivor” phase. To the extent that alcohol use may impact
breast cancer stage at diagnosis and/or subsequent recurrence
and survival, if prevalence and level of consumption were
under-reported our data under-estimate the seriousness of our
findings.

This is the first study to investigate breast cancer among
the Sea Islanders, a unique African American ethnic group,
estimating differences in alcohol and tobacco utilization among
three racial/ethnic groups in South Carolina. It is an exploratory
feasibility study, obtaining cases from the SCCCR, rather
than a hospital-based design, in order to obtain a state-
wide representative sample of patients including SI patients. It
provides a basis for further investigations among AA ethnic
groups, toward better understanding of racial and ethnic
disparities in breast cancer (and possibly other) outcomes.
Differences and similarities between and across racial/ethnic
groups are presented as a first estimate, not as a definitive
statement, and confidence intervals reflect sample sizes. We
acknowledge that sample sizes of EAs, and particularly SIs, were
relatively small in comparison to the number of non-SI AAs.
However, that statistically significant differences were found even
with these relatively small sample sizes suggests that differences in
breast cancer characteristics and patterns of alcohol and cigarette
use between AA subgroups do bear additional scrutiny.
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CONCLUSIONS

We have described patterns of alcohol and cigarette use among
recently diagnosed invasive breast cancer cases belonging to the
three major racial/ethnic groups of South Carolina: EAs, and AAs
with and without Sea Island ancestry.

In our statewide sample we found that race-specific patterns of
alcohol consumption and cigarette use were similar to or perhaps
lower than those in the general South Carolina population, with
EAs more likely to consume alcohol than AAs. However, the
association between tumor stage and alcohol use, among AAs,
is suggestive and differential effects of these exposures on breast
cancer risk as well as survival among the racial/ethnic groups
cannot be ruled out.

Although moderate alcohol wuse and frequency of
consumption were greater among EAs than AAs, heavier
consumption and binge drinking were similar among all groups.
In general, alcohol consumption was more common among
younger women, in whom breast cancer is often of poorer
prognosis. Cigarette smoking was infrequent in every group,
but 50% of EAs, 32% of non-SI AAs, and 24% of SIs used one
or both products. Given the carcinogenic effects of alcohol, the
deleterious health impacts of frequent moderate (or greater)
alcohol consumption and of smoking, the known and potential
impacts on cancer outcomes and survival, and the potential
for differences in alcohol effects on either incidence or survival
according to genetic heritage, we recommend that women (and
men) with breast cancer be educated and actively assisted in
reducing or eliminating these exposures.
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