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hormone receptor status, a significantly decreased risk of death associated with ever-drink-
ing was observed among women with receptor-negative cancer (ER-/PR-, HR = 0.41; 95%
Cl: 0.20-0.84 for breast cancer-specific death).

Conclusions

Pretreatment, i.e., pre-diagnosis alcohol consumption is unlikely to have an adverse effect
on survival after breast cancer diagnosis. Light alcohol consumption may have a beneficial
effect on patient survival.

Introduction

Epidemiologic studies have shown that alcohol consumption is associated with an increased
risk of breast cancer, and it is now regarded as an established risk factor for the disease [1, 2].
Data from some recent Japanese studies have also provided support for this [3, 4]. On the
other hand, alcohol consumption may also impact survival after breast cancer diagnosis.
Owing to recent advances in treatment, breast cancer survival rates have been improving [5, 6,
7]. Additionally, breast cancer incidence has been continuously increasing in Japan [8]; there-
fore, the population of survivors continues to grow. Whether modifiable lifestyle factors such
as alcohol consumption contribute to improved or adverse survival may be a concern for
breast cancer patients [9]. However, previous studies have yielded conflicting results: some
have shown that alcohol consumption is associated with lower survival [10-12], whereas others
have reported no such association [13-19] or even an improved survival effect [20, 21]. With
regard to pre- and post-diagnosis alcohol consumption, a meta-analysis including 11 studies
showed that pre-diagnosis consumption was associated with better overall survival, whereas
post-diagnosis consumption had no association with overall survival [22]. Another meta-anal-
ysis including 25 studies concluded that neither pre- nor post-diagnosis alcohol consumption
was associated with breast cancer-specific mortality [23]. Pooled analyses including three
breast cancer cohorts have evaluated the mortality risk stratified by estrogen receptor (ER) sta-
tus [22]. In one cohort comprising multiple studies (the BCAC study), improved overall sur-
vival associated with pre-diagnosis consumption was found among women with ER+ cancer
[22]. Another cohort study (the SEARCH study) showed that post-diagnosis consumption was
associated with improved overall and breast cancer-specific survival among women with ER-
cancer [22]. These studies appear to provide useful information when considering the impact
of lifestyle on survival of breast cancer patients; however, there were differences in outcome
measures (overall or breast cancer-specific survival, etc.) among the individual studies. Data
for alcohol-related mortality risk in relation to hormone receptor status have been limited [13,
21, 22]. Furthermore, most of the previous studies have been conducted in Western countries.
To our knowledge, the mortality risk associated with alcohol consumption has never been
investigated among Asian breast cancer patients, including those from Japan. Asian women
have a low alcohol intake relative to that of women in Western countries [24].

In order to clarify the association between alcohol consumption and survival after breast
cancer diagnosis, we conducted a hospital-based prospective patient cohort study. Data on
alcohol-related measures and clinical information for breast cancer patients were obtained
from a questionnaire survey at their first admission and from a hospital-based cancer registry
at a single institute in Japan, and a long-term follow-up survey was conducted. In this study,
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we evaluated the risk of all-cause and breast cancer-specific death stratified by hormone recep-
tor status as well as the risk among the patients overall.

Methods

This study was approved by the Management Committee of the Miyagi Cancer Center
(December 9, 1996) and the Ethics Committee of the Miyagi Cancer Center (Approval Num-
ber 23-7, May 20, 2011) and conducted in accordance with the principles specified in the Dec-
laration of Helsinki. The questionnaire survey in connection with the present study was
started with the approval of the Management Committee. The Ethics Committee indepen-
dently reviewed the protocol of the present study that used the questionnaire data and cancer
registry data. The purpose of the study was stated on the cover page of the questionnaire. We
considered the return of self-administered questionnaires signed by the patients to imply their
consent to participate in the study.

Study subjects

Between January 1997 and December 2013, 1,570 first-admitted female patients aged 20 years
or over without a history of cancer were diagnosed as having breast cancer at the Miyagi Can-
cer Center Hospital (MCCH). At the time of admission, these patients were requested to com-
plete a self-administered questionnaire including history of alcohol drinking. After diagnosis,
the patients were registered to the hospital-based cancer registry and followed up. Details of
the questionnaire survey and cancer registry have already been described elsewhere [25, 26].
Among the patients, 1,488 (94.8%) completed the questionnaire. After excluding 20 patients
who had cancers other than breast cancer at the time of breast cancer diagnosis, the remaining
1,468 patients were identified for the patient cohort.

The questionnaire covered demographic characteristics, personal and family histories of
cancer and other diseases, current height and weight, general lifestyle factors including alcohol
intake, dietary history, cigarette smoking, physical activity, and menstrual and reproductive
histories, and referral status. We obtained data on alcohol consumption and other lifestyle fac-
tors from this questionnaire. Dietary history and alcohol intake were evaluated using a food
frequency questionnaire (FFQ). The FFQ has been validated in general population, whose resi-
dential area was roughly the same as that of our study subjects [27].

Clinical information including tumor stage based on the UICC TNM classification, and ini-
tial adjuvant treatment was obtained from the MCCH cancer registry. Information on estro-
gen/progesterone receptor (ER/PR) expression were extracted from medical records.

Assessment of exposure and follow up

At the MCCH, in principle, detailed diagnostic tests and initial therapy are initiated after
admission. Therefore, exposure data (alcohol consumption) collected by the questionnaire
survey were considered to be pretreatment or pre-diagnosis data.

For assessment of alcohol intake, the FFQ asked initially if the study subjects were never,
past, or current drinkers. Past or current drinkers were asked to state age at start of drinking,
frequency of drinking per week, and the types of alcohol beverages consumed [Japanese sake,
Japanese spirits (shochu), beer, whisky, wine and others]. For each type of alcohol beverage
consumed, they were also asked to state the volume drunk after conversion into the Japanese
sake equivalent by reference to a conversion table (S1 and S2 Files). One unit (180 ml) of Japa-
nese sake contains 22.8 g of ethanol (alcohol). The amount of alcohol consumed per day was
calculated as: (total amount of alcohol consumed per occasion (g)) x (frequency of drinking
per week) / 7 [27].
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The exposure variables related to alcohol consumption included history of alcohol drinking
(never, ever, past, current), frequency of drinking per week (never, occasional or 1-2 times,
3-7 times), age at start of drinking (never, <20 years, >21 years), and amount of alcohol con-
sumed per day (never, <5.0 g, >5.0 g). Although, in our previous case-control and cohort
studies of breast cancer, the quantitative exposure variable had been classified based on finer
categories [28, 29], the present study used the mid-point for variable categorization because of
the limited number of patients. If necessary, analysis based on the finer categories was also per-
formed. Patients for whom data on history of alcohol drinking were missing (n = 48) were
excluded from the subsequent analysis, leaving a total of 1420 patients as the analyzed subjects.

Follow-up of patients was performed by reference to the MCCH cancer registry up to
December 2016. The registry conducted active follow-up by accessing hospital visit records,
resident registration cards and permanent domicile data. For deceased patients, information
on the date and cause of death was obtained with permission from the Ministry of Justice. As a
general rule for this registry, each individual follow-up ends in the 11th year after diagnosis
[30]. Therefore, information on vital status at 11 years was available for the patients diagnosed
during 1997-2005. For the patients diagnosed after 2006, vital status as of December 2016 was
obtained. During the follow-up period, 3 patients (0.2%) were lost to follow-up, and these
were treated as censored cases.

Statistical analysis

The end point of our analysis was all-cause death and breast cancer-specific death according to
the International Classification of Disease for Oncology, Tenth Edition (ICD-10). Survival
time was calculated for each patient from the date of diagnosis to the date of death or the end
of follow-up.

To investigate the risk of all-cause and breast cancer-specific death, Kaplan-Meier survival
analysis and Cox proportional hazards model were used. The crude associations of exposures
with survival were evaluated by Kaplan-Meier analysis. The Cox proportional hazards model
was used to estimate hazard ratios (HRs) and 95% confidence intervals (Cls) controlled by
confounders. We considered the following variables to be potential confounders: age, year of
diagnosis, tumor stage (0-I, IL, III, IV), hormone receptor status (ER+ or PR+, ER-/PR-), men-
opausal status (premenopausal, postmenopausal, missing), radiation therapy (no, yes), chemo-
therapy (no, yes), endocrine therapy (no, yes), family history of breast cancer in father,
mother, brother or sister (no, yes), body mass index (BMI) (<21.1, 21.1-<23.3, 23.3-<26.0,
>26.0, missing), physical activity (almost no, more than one hour per week, missing), occupa-
tion (housewife, other), referral status (from screening, other), and comorbidities (no, yes).
Comorbidities included hypertension, ischemic heart disease, stroke and diabetes mellitus.
Reproductive factors including menarche and parity, history of smoking and folate intake
were also considered as confounders. Our previous studies had revealed associations of repro-
ductive factors, BMI and smoking with patient survival [25, 26, 30]. Folate intake may modify
the association of alcohol intake with the development of breast cancer [28, 31]. Missing values
for confounders were treated as an additional variable category and included in the model.

For analysis using the Cox model, we first evaluated HRs according to exposure among the
patients overall. Second, separate analyses were conducted by dividing the patients according
to hormone receptor status. Third, some stratified analyses were performed to examine
whether the association of alcohol intake with survival differed in relation to selected factors
including menopausal status, BMI, and folate intake. Results were regarded as significant if the
two-sided P values were <0.05. For each analysis, the proportional hazards assumption was
assessed based on log-log plots of survival and testing time dependent cross-product terms of
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the survival time and exposures. The cross-product terms were not significant in any of the
models, indicating no significant violation of the assumptions. Statistical analyses were per-
formed using the SAS software package (version 9.4; SAS Institute) and JMP software (pro 14,
SAS Institute).

Results

During a median follow-up period of 8.6 years (11,180.9 person-years), 261 all-cause and 193
breast cancer-specific deaths were observed. Table 1 shows the characteristics of the patients at
the baseline. Among 1420 study subjects, 405 (28.5%) were ever-drinkers. Current drinkers
tended to be ever-smokers, younger and premenopausal, to have a lower BMI, and to have
fewer comorbidities than never-drinkers. With regard to hormone receptor status, more than
60% of current drinkers had ER+/PR+ cancer. Among past- and current drinkers, none died
of vascular diseases.

Fig 1 shows the Kaplan-Meier curves for breast cancer-specific survival among the patients
overall. The analysis was performed for two selected alcohol-related measures (history of alco-
hol drinking and amount of alcohol consumed per day). The amount of alcohol consumed per
day is considered an indicator of alcohol consumption level for each subject. Ever-drinkers
tended to have better survival than never-drinkers (log-rank p = 0.0381). The highest survival
was seen in light drinkers (<5.0 g/day), with heavier drinkers having survival intermediate
between light drinkers and non-drinkers. Fig 2 shows the survival curves according to hor-
mone receptor status. Although the association of history of alcohol drinking with survival was
uncertain among patients with ER+ or PR+ cancer, ever-drinkers with ER-/PR- cancer tended
to have better survival (log-rank p = 0.0522). As a whole, the Kaplan-Meier curves indicated
better survival among ever-drinkers. However, most of log-rank test showed mild- or non-sig-
nificance possibly due to the small number of events (Fig 1 and Fig 2). The association between
alcohol consumption and the risk of breast cancer-specific death may be unclear in the stan-
dard Kaplan-Meier analysis [32]. Therefore, to further investigate this association, we
attempted a bootstrap approach [32-34]. For example, the number of times with p<0.05 in
100 bootstrap random samples was 63 for the p-value (ever- vs. never-drinking) in Fig 1. The
variability in survival curves exists according to history of drinking and consequently, the log-
rank p may not have been fully validated. These results based on the bootstrap approach may
indicate that statistical biases such as confounders should be appropriately controlled for in
the subsequent analyses using the Cox model [33].

Table 2 shows the association of alcohol consumption with the risk of all-cause and breast
cancer-specific death among the patients overall based on the Cox models. In the analysis
based on quantitative variables, we estimated the risk using finer categorization, as well as by
mid-point categorization. In the multivariate-adjusted 1 model, only clinical factors were con-
trolled for. Other confounders were considered in the multivariate-adjusted 2 model.
Although the additional adjustment for other confounders changed the magnitude of risk
slightly, the direction in risk was similar between the two models. The analyses on history of
drinking and other alcohol-related measures indicated that alcohol consumption was inversely
associated with the risk of all-cause and breast cancer-specific death. These inverse associations
were clearer for the risk of breast cancer-specific death. Ever-drinkers had a significantly lower
risk of breast cancer-specific death compared with never-drinkers (HR = 0.68, 95% CI: 0.46-
0.99 in multivariate-adjusted 2, p = 0.047). On the basis of quantitative variables, light drinkers
tended to have a lower risk of breast cancer-specific death (occasional intake or 1-2 times per
week; HR = 0.57, p = 0.048; amount of alcohol consumed per day<5.0 g; HR = 0.57,

p = 0.050). The analysis based on finer categorization showed that heavy drinkers (5-7 times
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Table 1. Characteristics of the study subjects.

Characteristics Tota (n = 1420)* Alcohol drinking at diagnosis
Never (n = 1015) Past (n = 48) Current (n = 357) pd

Person-years 11180.9 7922.7 348.6 2909.6
All-cause death, n 261 206 8 47
Cause of death, n

Vascular diseases 15 15 0

Other cancers 21 17 0

Others 32 24 2

Breast cancer 193 150 6 37
Age (years)

Mean 57.2 59.3 56.1 51.4

S.D. 12.4 12.4 12.0 10.5 <0.001
Year of diagnosis (%)

1997-2005 44.5 46.3 31.3 41.2

2006-2013 55.5 53.7 68.7 58.8 0.04
Stage (%)

0-1 50.4 49.9 47.9 52.4

I 30.9 31.0 29.2 30.5

111 11.1 11.1 10.4 10.9

v 6.4 6.6 10.4 5.3

Missing 1.3 1.4 2.1 0.8 0.92
Hormone receptor (%)

ER+/PR+ 55.3 53.3 47.9 62.2

ER+/PR- 12.1 13.3 16.7 8.1

ER-/PR+ 1.6 1.8 0.0 1.1

ER-/PR- 24.0 23.8 27.1 24.1

Missing 7.0 7.8 8.3 4.5 0.03
Referral status (%)

From screening 18.5 18.7 12.5 18.8

Other 81.5 81.3 87.5 81.2 0.55
Radiation (%)

No 59.6 62.2 56.3 52.9

Yes 40.4 37.8 43.7 47.1 0.01
Chemotherapy (%)

No 68.8 70.1 60.4 66.1

Yes 31.2 29.9 39.6 339 0.16
Endocrine therapy (%)

No 56.0 55.7 58.3 56.6

Yes 44.0 44.3 41.7 43.4 0.90
Family history of breast cancer in father, mother, brother or sister (%)

No 90.0 89.8 95.8 89.9

Yes 10.0 10.2 4.2 10.1 0.39
Age at menarche (years, %)

<12 323 28.6 33.3 42.9

13 223 21.8 16.7 24.4

14 20.4 20.1 25.0 20.5

>15 20.9 24.5 229 10.1

Missing 4.2 5.0 2.1 2.2 <0.001

(Continued)
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Table 1. (Continued)

Characteristics Tota (n = 1420)* Alcohol drinking at diagnosis
Never (n = 1015) ‘ Past (n = 48) Current (n = 357) pd

Parity history (%)

Nulliparous 10.8 9.8 18.7 12.6

Parous 85.8 86.3 77.1 85.4

Missing 3.4 3.9 4.2 2.0 0.08
Menopausal status (%)

Premenopausal 38.0 31.7 31.2 56.9

Postmenopausal 57.1 63.8 62.5 37.3

Missing 4.9 4.4 6.3 59 <0.001
Smoking (%)

Never 80.3 87.2 54.2 64.1

Ever 17.9 11.1 43.8 33.6

Missing 1.8 1.7 2.1 2.2 <0.001
Physical activity (%)

Almost no 50.3 49.4 45.8 53.5

More than one hour per week 43.6 43.6 45.8 43.4

Missing 6.1 7.1 8.3 3.1 0.08
BMI (kg/m?, %)

<21.1 25.1 21.7 25.0 34.7

21.1-<23.3 23.9 22.9 20.8 27.2

23.3-<26.0 25.2 26.1 25.0 22.7

>26.0 24.7 28.2 29.2 14.3

Missing 1.1 1.2 0.0 1.1 <0.001
Comorbidities (%)®

No 76.0 73.4 68.8 84.3

Yes 24.0 26.6 31.2 15.7 <0.001
Occupation (%)

Housewife 19.4 20.6 16.7 16.3

Other 68.2 65.0 70.8 77.0

Missing 12.4 14.4 12.5 6.7 <0.001
Dietary intake (mean + SD)

Folate intake (ug per day)® 2112+719 216.1 £74.2 199.7 £ 78.0 199.0 £ 62.5 <0.001

Energy intake (kcal per day) 1193.7 £ 272.6 1192.3 £ 272.5 1133.4 + 350.8 1205.7 + 260.3 0.22

Abbreviations: BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor.

*Patients for whom data on history of alcohol drinkin were missing (n = 48) have been excluded.

Comorbidities include hypertension / ischemic heart disease / stroke / diabetes mellitus.

“Energy-adjusted intake.

d . . . . . .
Chi-square test or anaysis of variance for comparing frequencies and means among never, past, and current drinkers.

https://doi.org/10.1371/journal.pone.0224797.t001

per week) tended to have a higher risk of all-cause death (HR = 1.04) than light-to-moderate
drinkers (1-2 times, HR = 0.55; 3-4 times, HR = 0.52), suggesting a non-linear association
between alcohol consumption and all-cause mortality.
Table 3 shows the risk of all-cause and breast cancer-specific death stratified by hormone
receptor status (ER+ or PR-, ER-/PR-). Among the patients with ER+ or PR+ cancer, alcohol
consumption tended to reduce the risk of all-cause and breast cancer-specific death; however,
statistical tests failed to demonstrate significance. On the other hand, ever-drinking was
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Fig 1. Probability of breast cancer-specific survival in relation to history of drinking and amount of alcohol consumed per day among patients overall.
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significantly associated with a decreased risk of all-cause and breast cancer-specific death
among the patients with ER-/PR- cancer (all-cause death, HR = 0.49, p = 0.03; breast cancer-
specific death, HR = 0.41, p = 0.01 in comparison to never-drinking). Kaplan-Meier survival
curves also indicated better survival among alcohol drinkers with ER-/PR- cancer, as shown in
Fig 2. However, the interaction term for assessing heterogeneity in risk across hormone recep-
tor status was statistically insignificant. Among patients with ER-/PR- cancer, an early start to
alcohol drinking tended to be associated with a lower risk of breast cancer-specific death

(HR = 0.44 for <20 years, p for trend = 0.04), although the analysis was based on a limited
number of patients. Inverse associations were also observed for frequency of drinking (p for
trend = 0.04) and the amount of alcohol consumed per day (p for trend = 0.03). Furthermore,
we evaluated the mortality risk stratified by ER status (Table 4), as some previous studies have
focused on ER status [13, 21, 22]. This revealed that ever-drinking was significantly associated
with a decreased risk of all-cause and breast cancer-specific death among the patients with ER-
cancer (all-cause death, HR = 0.52, p = 0.04; breast cancer-specific death, HR = 0.43, p = 0.02
in comparison to never-drinking).

Table 5 shows the results of analyses stratified by selected factors. Alcohol intake tended to
reduce the risk of all-cause and breast cancer-specific death among premenopausal patient (all
cause death, HR for ever-drinking = 0.54, p = 0.050; breast cancer-specific death, HR = 0.45,

p = 0.02 in comparison to never-drinking). The analysis according to BMI level showed non-
significant results. With regard to folate intake, a significantly decreased risk of death associ-
ated with alcohol consumption was observed in patients with low folate intake (all cause death,
HR for ever-drinking = 0.58, p = 0.04; breast cancer-specific death, HR = 0.42, p = 0.01 in com-
parison to never-drinking)

Discussion

In this hospital-based patient cohort study, we clarified the association between pretreatment
alcohol intake and the risk of all-cause and breast cancer-specific death among Japanese
women with breast cancer. Ever-drinking tended to be associated with a decreased risk of all-
cause and breast cancer-specific death. In terms to hormone receptor status, the decreased risk
of death appeared to be limited to women with receptor-negative cancer. To our knowledge,
our study is the first to have investigated the association of alcohol consumption with breast
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Fig 2. Probability of breast cancer-specific survival in relation to history of drinking and amount of alcohol consumed per day according to hormone receptor
status. (A) Receptor positive cancer (ER+ or PR+). (B) Receptor negative cancer (ER-/PR-).

https://doi.org/10.1371/journal.pone.0224797.9002

cancer survival in Asian women, whose alcohol intake is low relative to that of Caucasian
women [21, 24]. The proportion of ever-drinkers among our study subjects was, in fact, quite
low (28.5%).

Alcohol consumption has been considered an established risk factor for breast cancer.
However, it has been unclear whether alcohol intake before breast cancer diagnosis affects the
risk of mortality after diagnosis. One meta-analysis found that moderate drinkers had better
overall survival, although it was not possible to estimate the combined risk for breast cancer-
specific mortality because of the data heterogeneity among individual studies [22]. Another
meta-analysis found no association between alcohol drinking and the risk of breast cancer-spe-
cific mortality, although analysis based on alcohol consumption level indicated increased mor-
tality among heavy drinkers [23]. In the present study, a decreased risk of breast cancer-
specific death was observed among ever-drinkers (HR = 0.68, 95% CI: 0.46-0.99, p = 0.047 in
comparison to never-drinkers). The decreased risk was also found for light drinkers who
drank occasionally or had <1-2 times per week (HR = 0.57, 95% CI: 0.33-0.99, p = 0.048), or
an intake of <5.0 g of alcohol per day (HR = 0.57, 95% CI: 0.32-1.00, p = 0.050). For the risk
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Table 2. Hazard ratio of all-cause and breast cancer-specific death associated with alcohol drinking among overall women.

Factor Patients | Person- All-cause death Breast cancer-specific death
years Deaths | Multivariate-adjusted | Multivariate-adjusted | Deaths | Multivariate-adjusted | Multivariate-adjusted
1§ 2 1 2
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
History of alcohol drinking
Never 1015 7922.7 206 1 (Reference) 1 (Reference) 150 1 (Reference) 1 (Reference)
Ever (Current/past) 405 3258.2 55 0.78 (0.57-1.06) 0.75 (0.54-1.05) 43 0.67 (0.47-0.96) 0.68 (0.46-0.99)
Past 48 348.6 8 0.80 (0.39-1.64) 0.70 (0.32-1.52) 6 0.57 (0.24-1.32) 0.53 (0.21-1.33)
Current 357 2909.6 47 0.77 (0.55-1.08) 0.76 (0.53-1.08) 37 0.70 (0.48-1.01) 0.70 (0.47-1.04)
Age at start of drinking (years)
>21 173 1418.3 25 0.74 (0.49-1.13) 0.73 (0.47-1.13) 20 0.72 (0.45-1.16) 0.74 (0.45-1.21)
<20 199 1575.6 27 0.89 (0.58-1.37) 0.87 (0.55-1.36) 20 0.65 (0.40-1.07) 0.65 (0.39-1.10)
p for trend 0.33 0.31 0.04 0.07
(Finer categorization)
> 25 111 901.1 15 0.79 (0.47-1.35) 0.79 (0.45-1.36) 12 0.91 (0.50-1.64) 0.87 (0.47-1.63)
>21-<25 62 517.2 10 0.67 (0.35-1.28) 0.66 (0.34-1.28) 8 0.55 (0.27-1.14) 0.59 (0.28-1.25)
<20 199 1575.6 27 0.89 (0.58-1.37) 0.86 (0.55-1.36) 20 0.65 (0.39-1.06) 0.65 (0.39-1.10)
p for trend 0.31 0.29 0.03 0.05
Frequency of drinking (times)
Occasional or 1-2 per 187 1524.5 22 0.67 (0.42-1.05) 0.70 (0.44-1.13) 16 0.52 (0.31-0.89) 0.57 (0.33-0.99)
week
3-7 per week 198 1586.7 28 0.83 (0.55-1.24) 0.75 (0.48-1.17) 23 0.76 (0.48-1.19) 0.72 (0.43-1.18)
p for trend 0.17 0.12 0.07 0.08
(Finer categorization)
Occasional 96 800.0 15 0.77 (0.45-1.32) 0.81 (0.46-1.41) 10 0.53 (0.27-1.03) 0.58 (0.29-1.14)
1-2 per week 91 724.5 7 0.52 (0.24-1.12) 0.55 (0.25-1.21) 6 0.51 (0.22-1.16) 0.57 (0.24-1.33)
3-4 per week 94 775.9 11 0.58 (0.31-1.08) 0.52 (0.27-1.00) 11 0.62 (0.33-1.16) 0.58 (0.29-1.15)
5-7 per week 104 810.8 17 1.13 (0.68-1.88) 1.04 (0.60-1.80) 12 0.95 (0.52-1.72) 0.90 (0.47-1.71)
p for trend 0.28 0.20 0.13 0.15
Amount of alcohol consumed per day (g)
<50 171 1395.9 20 0.65 (0.40-1.04) 0.68 (0.42-1.11) 15 0.52 (0.30-0.89) 0.57 (0.32-1.00)
> 5.0 204 1649.4 28 0.81 (0.54-1.22) 0.72 (0.46-1.12) 23 0.73 (0.47-1.15) 0.68 (0.41-1.12)
p for trend 0.14 0.08 0.05 0.06
(Finer categorization)
<5.0 171 1395.9 20 0.65 (0.40-1.04) 0.68 (0.42-1.11) 15 0.52 (0.30-0.89) 0.57 (0.32-1.00)
>50- < 15.0 115 937.8 15 0.69 (0.40-1.18) 0.61 (0.35-1.08) 14 0.69 (0.39-1.21) 0.66 (0.35-1.22)
> 15 89 711.6 13 1.01 (0.57-1.79) 0.90 (0.49-1.66) 9 0.82 (0.41-1.62) 0.71 (0.34-1.48)
p for trend 0.26 0.15 0.09 0.08

Abbreviations: HR, hazard ratio; CI, confidence interval.

*Adjusted by age, year of diagnosis, stage (0-L IL, III, IV, missing), hormone receptor (ER+ or PR+, ER-/PR-, missing), and menopausal status (premenopausal,

postmenopausal, missing).

bAdjusted by age, year of diagnosis, stage (0-I, IL, III, IV, missing), hormone receptor (ER+ or PR+, ER-/PR-, missing), referral status (from screening, other), radiation

therapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes), family history of breast cancer in parents or siblings (no, yes), smoking (ever, never, missing),

BMI (<21.1, 21.1-<23.3, 23.3-<26.0, 26.0-, missing), physical activity (almost no, more than one hour per week, missing), comorbidities (no, yes), occupation

(housewife, other, missing), age at menarche (<12, 13, 14, 15<, missing), parity history (nulliparous, parous, missing), menopausal status (premenopausal,

postmenopausal, missing), and intake of folate (continuous) and energy (continuous).

https://doi.org/10.1371/journal.pone.0224797 1002
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Table 3. Hazard ratio of all-cause and breast cancer-specific death associated with alcohol drinking by hormone receptor positive and negative type.

Factor Patients Person-years All-cause death Breast cancer-specific death
Deaths | HR(95% CI)* Deaths | HR (95% CI)*
ER+ or PR+
History of alcohol drinking
Never 694 5572.9 105 1 (Reference) 67 1 (Reference)
Ever (Current/past) 286 2339.6 29 0.75 (0.47-1.21) 21 0.67 (0.38-1.18)
Past 31 244.8 2 0.49 (0.11-2.08) 2 0.90 (0.20-4.04)
Current 255 2094.8 27 0.78 (0.48-1.26) 19 0.65 (0.36-1.17)
Age at start of drinking (years)
>21 122 1015.1 14 0.64 (0.34-1.20) 10 0.62 (0.28-1.34)
<20 142 1144.0 13 0.98 (0.51-1.89) 9 0.75 (0.34-1.65)
p for trend 0.56 0.28
Frequency of drinking (times)
Occasional or 1-2 per week 136 1116.8 12 0.77 (0.41-1.48) 8 0.59 (0.27-1.31)
3-7 per week 137 1121.4 15 0.74 (0.40-1.37) 11 0.73 (0.34-1.53)
p for trend 0.28 0.26
Amount of alcohol consumed per day (g)
<5.0 123 1017.9 10 0.68 (0.34-1.35) 7 0.53 (0.23-1.22)
>5.0 142 1162.3 15 0.71 (0.38-1.32) 11 0.69 (0.32-1.46)
p for trend 0.20 0.19
ER-/PR-
History of alcohol drinking
Never 242 1806.1 67 1 (Reference) 58 1 (Reference)
Ever (Current/past) 99 775.4 18 0.49 (0.26-0.94) 14 0.41 (0.20-0.84)
Past 13 81.4 4 0.43 (0.11-1.72) 2 0.15 (0.02-0.92)
Current 86 694.0 14 0.50 (0.25-1.00) 12 0.48 (0.23-1.00)
Age at start of drinking (years)
> 21 43 343.7 0.44 (0.19-1.04) 7 0.46 (0.18-1.13)
<20 47 364.3 0.71 (0.30-1.67) 6 0.44 (0.16-1.17)
p for trend 0.18 0.04
Frequency of drinking (times)
Occasional or 1-2 per week 44 353.5 6 0.47 (0.19-1.16) 0.36 (0.12-1.08)
3-7 per week 50 392.7 0.45 (0.19-1.04) 0.45 (0.18-1.09)
p for trend 0.03 0.04
Amount of alcohol consumed per day (g)
<50 2 334.8 0.52 (0.20-1.31) 0.41 (0.13-1.24)
> 5.0 50 403.5 0.42 (0.18-0.96) 0.41 (0.17-0.99)
p for trend 0.03 0.03
p for interaction between ever-drinking*hormone receptor 0.47 0.20

Abbreviations: HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor.

*Adjusted by age, year of diagnosis, stage (0-L IL, III, IV, missing), referral status (from screening, other), radiation therapy (no, yes), chemotherapy (no, yes), endocrine
therapy (no, yes), family history of breast cancer in parents or siblings (no, yes), smoking (ever, never, missing), BMI(<21.1, 21.1-<23.3, 23.3-<26.0, 26.0-, missing),
physical activity (almost no, more than one hour per week, missing), comorbidities (no, yes), occupation (housewife, other, missing), age at menarche (<12, 13, 14, 15<,
missing), parity history (nulliparous, parous, missing), menopausal status (premenopausal, postmenopausal, missing), and intake of folate (continuous) and energy

(continuous).

https:/doi.org/10.1371/journal.pone.0224797.t1003

of all-cause death, a non-linear association with alcohol consumption level was suggested.
Based on these previous studies [13, 14, 16, 17, 20, 21] and ours, pre-diagnosis light to
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Table 4. Hazard ratio of all-cause and breast cancer-specific death associated with alcohol drinking by ER positive and negative type.

Factor Patients Person-years All-cause death Breast cancer-specific death
Deaths HR (95% CI)° Deaths | HR (95% CI)*
ER+
History of alcohol drinking
Never 676 5430.1 99 1 (Reference) 62 1 (Reference)
Ever (Current/past) 282 2300.2 29 0.80 (0.50-1.29) 21 0.75 (0.42-1.34)
Past 31 244.8 2 0.53 (0.12-2.26) 2 1.13 (0.25-4.99)
Current 251 2055.4 27 0.83 (0.51-1.36) 19 0.72 (0.39-1.31)
Age at start of drinking (years)
>21 121 1004.1 14 0.65 (0.34-1.23) 10 0.64 (0.29-1.44)
<20 140 1126.7 13 1.12 (0.58-2.17) 9 0.91 (0.41-2.03)
p for trend 0.82 0.55
Frequency of drinking (times)
Occasional or 1-2 per week 134 1099.4 12 0.81 (0.42-1.56) 8 0.64 (0.29-1.43)
3-7 per week 135 1099.4 15 0.80 (0.43-1.50) 11 0.86 (0.40-1.84)
p for trend 0.43 0.50
Amount of alcohol consumed per day (g)
<5.0 121 1000.6 10 0.71 (0.35-1.43) 7 0.57 (0.25-1.34)
>5.0 140 1140.3 15 0.78 (0.42-1.47) 11 0.81 (0.38-1.76)
p for trend 0.34 0.40
ER-
History of alcohol drinking
Never 260 1949.0 73 1 (Reference) 63 1 (Reference)
Ever (Current/past) 103 814.7 18 0.52 (0.27-0.98) 14 0.43 (0.21-0.87)
Past 13 81.4 4 0.50 (0.13-1.86) 2 0.19 (0.03-1.08)
Current 90 733.4 14 0.52 (0.26-1.04) 12 0.49 (0.24-1.03)
Age at start of drinking (years)
> 21 44 354.7 0.53 (0.23-1.20) 7 0.55(0.23-1.31)
<20 49 381.7 0.69 (0.29-1.62) 6 0.40 (0.15-1.08)
p for trend 0.20 0.04
Frequency of drinking (times)
Occasional or 1-2 per week 46 370.9 6 0.48 (0.20-1.20) 0.38 (0.13-1.11)
3-7 per week 52 414.7 0.48 (0.21-1.10) 0.45 (0.19-1.10)
p for trend 0.04 0.04
Amount of alcohol consumed per day (g)
<50 44 352.2 0.52 (0.21-1.31) 0.42 (0.14-1.24)
> 5.0 52 425.5 0.45 (0.20-1.03) 0.42 (0.18-1.02)
p for trend 0.04 0.03
p for interaction between ever-drinking*hormone receptor 0.41 0.19

Abbreviations: HR, hazard ratio; CI, confidence interval; ER, estrogen receptor.

*Adjusted by age, year of diagnosis, stage (0-L IL, III, IV, missing), referral status (from screening, other), radiation therapy (no, yes), chemotherapy (no, yes), endocrine

therapy (no, yes), family history of breast cancer in parents or siblings (no, yes), smoking (ever, never, missing), BMI(<21.1, 21.1-<23.3, 23.3-<26.0, 26.0-, missing),

physical activity (almost no, more than one hour per week, missing), comorbidities (no, yes), occupation (housewife, other, missing), age at menarche (<12, 13, 14, 15<,

missing), parity history (nulliparous, parous, missing), menopausal status (premenopausal, postmenopausal, missing), and intake of folate (continuous) and energy

(continuous).

https:/doi.org/10.1371/journal.pone.0224797.t1004
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Table 5. Hazard ratio of all-cause and breast cancer-specific death associated with alcohol drinking according to selected factors.

Factor Patients Person-years All-cause death Breast cancer-specific death
Deaths HR (95% CI) Deaths HR (95% CI)
Menopausal status®
Premenupause
History of alcohol drinking
Never 322 2612.7 52 1 (Reference) 48 1 (Reference)
Ever (Current/past) 218 1841.0 21 0.54 (0.29-1.00) 16 0.45 (0.23-0.89)
Amount of alcohol consumed per day (g)
<5.0 94 805.4 4 0.20 (0.06-0.63) 2 0.12 (0.02-0.54)
> 5.0 114 970.4 13 0.54 (0.26-1.10) 11 0.50 (0.23-1.09)
p for trend 0.05 0.04
Postmenopause
History of alcohol drinking
Never 648 4964.3 136 1 (Reference) 84 1 (Reference)
Ever (Current/past) 163 1212.3 29 0.92 (0.57-1.47) 23 0.85 (0.48-1.49)
Amount of alcohol consumed per day (g)
<5.0 65 491.4 13 1.06 (0.56-2.01) 10 0.92 (0.43-1.97)
> 5.0 80 588.2 14 0.89 (0.48-1.67) 12 0.91 (0.44-1.88)
p for trend 0.79 0.78
p for interaction between ever-drinking and menopausal status 0.82 0.47
BMI®
<23.3 (low BMI)
History of alcohol drinking
Never 452 3437.8 98 1 (Reference) 76 1 (Reference)
Ever (Current/past) 243 1987.2 35 0.77 (0.50-1.19) 25 0.61 (0.36-1.03)
Amount of alcohol consumed per day (g)
<5.0 103 849.4 14 0.79 (0.43-1.45) 9 0.54 (0.26-1.15)
>5.0 126 1027.6 17 0.70 (0.39-1.26) 13 0.58 (0.29-1.16)
p for trend 0.19 0.06
>23.3 (high BMI)
History of alcohol drinking
Never 551 4431.5 103 1 (Reference) 70 1 (Reference)
Ever (Current/past) 158 1246.8 19 0.81 (0.46-1.41) 17 0.91 (0.48-1.72)
Amount of alcohol consumed per day (g)
<5.0 67 544.7 5 0.47 (0.18-1.21) 5 0.55 (0.20-1.50)
>50 75 599.5 11 1.04 (0.51-2.11) 10 1.22 (0.56-2.68)
p for trend 0.69 0.90
p for interaction between ever-drinking and body mass index 0.59 0.19
Folate intake®
<207.8ug per day (low folate intake)
History of alcohol drinking
Never 482 3597.4 104 1 (Reference) 84 1 (Reference)
Ever (Current/past) 228 1805.1 24 0.58 (0.35-0.98) 17 0.42 (0.23-0.78)
Amount of alcohol consumed per day (g)
<5.0 94 741.2 8 0.54 (0.25-1.17) 5 0.35(0.13-0.91)
> 5.0 122 970.7 15 0.63 (0.33-1.19) 12 0.50 (0.24-1.04)
p for trend 0.09 0.02
>207.8ug per day (high folate intake)
(Continued)
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Table 5. (Continued)

Factor Patients Person-years All-cause death Breast cancer-specific death

Deaths HR (95% CI) Deaths HR (95% CI)

History of alcohol drinking

Never 533 4325.2 102 1 (Reference) 66 1 (Reference)

Ever (Current/past) 177 1453.1 31 1.08 (0.68-1.73) 26 1.20 (0.69-2.08)

Amount of alcohol consumed per day (g)

<5.0 77 654.7 12 0.94 (0.48-1.84) 10 1.00 (0.47-2.13)

>5.0 82 678.7 13 1.06 (0.55-2.03) 11 1.27 (0.60-2.70)

p for trend 0.91 0.58
p for interaction between ever-drinking and folate intake 0.06 0.01

Abbreviations: HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; BMI, body mass index.

*Adjusted by age, year of diagnosis, stage (0-L, IL, III, IV, missing), hormone receptor (ER+ or PR+, ER-/PR-, missing), referral status (from screening, other), radiation
therapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes), family history of breast cancer in parents or siblings (no, yes), smoking (ever, never, missing),
BMI(<21.1, 21.1-<23.3, 23.3-<26.0, 26.0-, missing), physical activity (almost no, more than one hour per week, missing), comorbidities (no, yes), occupation
(housewife, other, missing), age at menarche (<12, 13, 14, 15<, missing), parity history (nulliparous, parous, missing), and intake of folate (continuous) and energy
(continuous).

®Adjusted by age, year of diagnosis, stage (0-I, IL, II, IV, missing), hormone receptor (ER+ or PR+, ER-/PR-, missing), referral status (from screening, other), radiation
therapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes), family history of breast cancer in parents or siblings (no, yes), smoking (ever, never, missing),
physical activity (almost no, more than one hour per week, missing), comorbidities (no, yes), occupation (housewife, other, missing), age at menarche (<12, 13, 14, 15<,
missing), parity history (nulliparous, parous, missing), menopausal status (premenopausal, postmenopausal, missing), and intake of folate (continuous) and energy
(continuous).

“Adjusted by age, year of diagnosis, stage (0-I, IL, III, IV, missing), hormone receptor (ER+ or PR+, ER-/PR-, missing), referral status (from screening, other), radiation
therapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes), family history of breast cancer in parents or siblings (no, yes), smoking (ever, never, missing),
BMI(<21.1, 21.1-<23.3, 23.3-<26.0, 26.0-, missing), physical activity (almost no, more than one hour per week, missing), comorbidities (no, yes), occupation
(housewife, other, missing), age at menarche (<12, 13, 14, 15<, missing), parity history (nulliparous, parous, missing), menopausal status (premenopausal,

postmenopausal, missing) and energy intake (continuous).

https://doi.org/10.1371/journal.pone.0224797.t005

moderate alcohol consumption does not appear to have an adverse effect on survival among
women with breast cancer. The effect of alcohol on the course of the disease may differ
between breast cancer risk and survival after diagnosis.

Previous studies have demonstrated some health effects of alcohol consumption. Among
community-dwelling women, light to moderate alcohol drinking was associated with a
decreased risk of all-cause death [35, 36]. It has been suggested that this survival benefit may
reflect a lower risk of death from heart disease among alcohol drinkers [35]. The decreased
risk of death from cardiovascular disease associated with alcohol drinking has also been sug-
gested in women with breast cancer [13, 14, 17]. None of the alcohol drinkers in the present
series died of vascular diseases, as shown in Table 1, thus supporting the cardioprotective effect
of alcohol. Besides, alcohol consumption might be related to psychosocial and physical status
among breast cancer patients, thus explaining the improved overall and breast cancer-specific
survival. Although excessive alcohol intake may be associated with poor health status [37, 38],
light to moderate drinkers may have better physical and mental health and sociability than
non-drinkers [37-41]. According to our previous population-based cohort study investigating
the association of personality with breast cancer risk and survival, none of the personality sub-
scales was associated with breast cancer risk, whereas subsequent follow-up of incident cases
of breast cancer demonstrated that a higher score for extraversion, representing sociability and
liveliness, tended to be associated with a lower risk of all-cause-death [42]. In that study, breast
cancer patients with a higher score for extraversion tended to be ever-drinkers at the baseline
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[42], suggesting that interrelations between psychological factors and alcohol drinking may
have some beneficial effects on survival.

In terms of hormone receptor status, the decreased risk of death associated with ever-drink-
ing was observed among patients with receptor-negative cancer but not among those with
receptor-positive cancer (all-cause death among ER-/PR- patients, HR for ever-drinking = 0.49,
95% CI: 0.26-0.94, p = 0.03; breast cancer-specific death among ER-/PR- patients, HR = 0.41,
95% CI: 0.20-0.84, p = 0.01 in comparison to never-drinking). Several previous studies have
investigated the risk according to hormone receptor status, but the results have been inconsis-
tent [13, 21, 22]. A decreased risk associated with pre-diagnosis alcohol drinking among
patients with ER- cancer has been reported by the Women’s Health Initiative group [21]. The
SEARCH study has also reported a decreased risk among ER- patients; however, that study
evaluated the effects of post-diagnosis drinking [22]. With regard to the association of alcohol
intake with survival of receptor-positive cancer, alcohol consumption is associated with
increased endogenous estrogen levels, which may affect the disease progression and survival
[43, 44]. The analysis in the subsample of our study subjects has also shown that intra-tumoral
estradiol level in ever-drinkers with receptor-positive tumor tended to be higher than that in
never-drinkers [45]. Furthermore, it is possible that alcohol may attenuate the anti-prolifer-
ative effects of endocrine therapeutic agents in women with ER+ cancer [46]. Therefore, alco-
hol consumption is unlikely to have a favorable effect among women with receptor-positive
breast cancer. On the other hand, the mechanism responsible for the improved survival
among women with receptor-negative cancer is unclear. One possibility is that the favorable
effects of light to moderate alcohol drinking on metabolic and immune function, such as an
anti-inflammatory effect, may protect against the development of receptor-negative cancer
[47]. Furthermore, although hypothetical, genetic differences between drinkers and non-
drinkers may modify the response of receptor-negative patients to chemotherapy. Subset of
women who chose not to drink alcohol may be at a disadvantage, in view of their possibly
reduced ability to metabolize chemotherapeutic agents and tendency to suffer emesis [20, 48].

Analyses stratified by other selected factors have found improved survival among premeno-
pausal women who drink alcohol. In some previous studies, heavy drinking was associated
with an increased risk of all-cause and breast cancer-specific death among postmenopausal
patients [13, 14, 16]. As for premenopausal patients, one study including young patients (age
<45 years) demonstrated improved survival associated with pre-diagnosis alcohol consump-
tion [20]. Our present result appears to be comparable with this. In terms to folate intake, a
lower risk of death was found among ever-drinkers who had a low folate intake. The modifi-
able effect of folate on alcohol-related breast cancer risk has been examined in a previous
study, which demonstrated that the effect of alcohol intake on breast cancer risk may be
reduced if the intake of folate is high [31]. On the other hand, few studies have evaluated the
modifiable effect of folate on prognosis [14]. Our present study indicated that low folate intake
appeared to have a beneficial effect on alcohol-related breast cancer survival, which was incon-
sistent with the impact of folate intake on breast cancer risk. Folate may exert either an anti- or
pro-carcinogenic effect, depending on alcohol intake level and the timing of disease progres-
sion [20, 49-51].

The present study had both strengths and limitations. One of the strengths was a high qual-
ity of follow-up; only 3 patients (0.2%) were lost to follow-up. The quality of the clinical data
was also high. For example, there were very few patients for whom hormone receptor status
was unknown (Table 1). Another strength was that confounding factors including clinical fac-
tors and treatment were appropriately controlled for, and possible prognostic factors (repro-
ductive and lifestyle factors) were also considered. The adjustment for these confounders
seems to have improved internal validity of the present study. Among the study limitations,
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first, the history of alcohol drinking was self-reported. However, since the questionnaire survey
was performed at the time of first admission before any definite diagnosis or treatment, any
information bias would have been minimal. Second, since Japanese patients had a relatively
low alcohol intake, it was not possible to fully investigate the mortality risk for heavy drinking.
Third, although our study is one of the largest patient cohort studies of its kind to have been
performed in Japan, stratification by hormone receptor status and other selected factors may
have produced false positive or false negative results due to the small number of events. Breast
cancer has a favorable prognosis, compared with other cancers. The overall survival rate in our
study subjects was relatively high, which was similar to those from national reports in Japan [6,
7]. Although further studies including collaborative studies are required to confirm our results,
the results provide clues for finding appropriate alcohol consumption levels in women. Finally,
the present study did not collect information on changes in alcohol intake subsequent to can-
cer diagnosis and treatment. Therefore, we were unable to investigate the effect of post-diagno-
sis alcohol drinking.

In conclusion, the present patient cohort study of Japanese women with breast cancer has
shown that pretreatment alcohol consumption was associated with a decreased risk of all-
cause and breast cancer-specific death. According to alcohol consumption level, the decreased
risk of breast cancer-specific death was found for light drinkers. In terms of hormone receptor
status, a decreased risk of death associated with ever-drinking was observed among women
with receptor-negative cancer but not among those with receptor-positive cancer. These find-
ings suggest that pre-diagnosis alcohol intake is unlikely to have an adverse effect on survival
after breast cancer diagnosis. Light alcohol consumption may have a beneficial effect on
patient survival. However, alcohol drinking is associated with an increased risk of breast can-
cer. To improve breast cancer risk and survival, further studies will need to clarify the appro-
priate levels and timing of alcohol consumption.
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