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       Alcohol and Postmenopausal Breast Cancer Risk 
Defi ned by Estrogen and Progesterone Receptor 
Status: A Prospective Cohort Study 
   Reiko   Suzuki,     Weimin   Ye,     Tove   Rylander-Rudqvist,     Shigehira   Saji, 
    Graham A.   Colditz    , Alicja   Wolk          

   Background:  Alcohol intake has been reported to be positively 
associated with an increased risk of postmenopausal breast 
cancer; however, the association with the estrogen receptor 
(ER) and progesterone receptor (PR) status of the breast 
 tumors remains unclear.  Methods:  Self-reported data on alco-
hol consumption were collected in 1987 and 1997 from 51 847 
postmenopausal women in the population-based Swedish 
Mammography Cohort. Through June 30, 2004, 1188  invasive 
breast cancer case patients with known ER and PR status 
were identifi ed during an average 8.3-year follow-up. We 
used Cox proportional hazards models to estimate multivari-
able relative risks (RRs) of breast cancer, adjusting for age; 
family history of breast cancer; body mass index; height; 
parity; age at menarche, fi rst birth, and menopause; educa-
tion level; use of postmenopausal hormones; and diet. 
 Heterogeneity among groups was evaluated using the Wald 
test. All statistical tests were two-sided.  Results : Alcohol 
 consumption was associated with an increased risk for the 
development of ER-positive (+) tumors, irrespective of PR 
status (highest intake [ ≥ 10 g of alcohol per day] versus non-
drinkers, multivariable RR = 1.35, 95% confi dence interval 
[CI] = 1.02 to 1.80;  P  trend  <. 049 for ER+PR+ tumors; and 
RR = 2.36, 95% CI = 1.56 to 3.56;  P  trend <.001 for ER+PR −  
 tumors). The absolute rate of ER+ breast cancer (standard-
ized to the age distribution of person-years experienced by all 
study participants using 5-year age categories) was 232 per 
100   000 person-years among women in the highest category 
of alcohol intake, and 158 per 100   000 person-years among 
nondrinkers. No association was observed between alcohol 
intake and the risk of developing ER −  tumors. Furthermore, 
we observed a statistically signifi cant interaction between 
 alcohol intake and the use of postmenopausal hormones on 
the risk for ER+PR+ tumors ( P  interaction  = .039).  Conclusion : 
The observed association between risk of developing post-
menopausal ER+ breast cancer and alcohol drinking, 
 especially among those women who use postmenopausal 
 hormones, may be important, because the majority of breast 
tumors among postmenopausal women overexpress ER. 
[J Natl Cancer Inst 2005;97:1601 – 8]    

  Many epidemiologic studies demonstrate a positive associa-
tion of alcohol consumption with an increased risk for breast can-
cer  ( 1  –  4 ) . Approximately 60% of all breast cancers are hormone 
dependent and overexpress estrogen receptor (ER) at the time of 
diagnosis  ( 5 ) . Progesterone receptor (PR) expression in breast 
tumors is also known to be an important prognostic and therapeu-
tic indicator  ( 6 ) . A number of hormone-dependent mechanisms 
mediated by ERs and PRs for the positive association between 

alcohol intake and postmenopausal breast cancer risk have been 
hypothesized  ( 7  –  11 ) , including the induction of endogenous 
 estrogen levels by alcohol  ( 7  –  9 ) . Previous studies reported that 
alcohol increases a women’s cumulative exposure to endogenous 
steroid hormones by either increasing the production of estro-
gens  ( 7 , 8 )  or by decreasing metabolic estradiol clearance  ( 9 ) . 
Furthermore, in vitro studies have shown that ethanol increases 
the expression of ERs itself  ( 10 , 11 ) , that ethanol stimulates the 
proliferation of ER-positive (+) human breast cancer cells but not 
of ER-negative ( − ) cells  ( 11 ) , and that ethanol increases ER- α  
activity  ( 10 )  through the inactivation of BRCA1  ( 12 ) . Alternative 
hypotheses include activation through hormone-independent 
pathways, such as the induction of carcinogenesis and DNA dam-
age by the ethanol metabolite acetaldehyde  ( 13 ) , reactive oxygen 
species, and lipid peroxidation  ( 14 ) . Several epidemiologic stud-
ies have evaluated whether the association between alcohol 
 intake and postmenopausal breast cancer risk differs with ER and 
PR tumor status  ( 15  –  22 ) , but the results were inconsistent. The 
major underlying mechanism for the positive association has not 
yet been clearly elucidated  ( 23 ) . 

 In the present study, we investigated whether the observed 
 association of alcohol consumption with increased risk of post-
menopausal breast cancer differs across ER+/ −  and PR+/ −  tumor 
subtypes. We also evaluated whether there are interactions 
 between alcohol intake and other known risk factors, such as use 
of postmenopausal hormones, relative body weight, and family 
history of breast cancer, on the risk of ER- and PR-defi ned 
 postmenopausal breast cancer. 

  S UBJECTS AND  M ETHODS  

  The Swedish Mammography Cohort 

 The Swedish Mammography Cohort has been described in 
 detail elsewhere  ( 24 ) . The cohort was established in 1987 – 1989 
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in Västmanland County and in 1988 – 1990 in Uppsala County 
in central Sweden. All women born between 1917 and 1948 in 
Västmanland County and between 1914 and 1948 in Uppsala 
County were invited to a mammography screening and com-
pleted a questionnaire that elicited information on diet, parity, 
age at fi rst birth, family history of breast cancer, weight, height, 
and education level (response rate 74%). The information on age 
at menarche, age at menopause, and ever use of oral contracep-
tives (OCs) and postmenopausal hormones (PMHs) was  obtained 
from a supplemental questionnaire from women in Uppsala 
County at their mammography examination in 1988 – 1990. 

 In 1997, a follow-up questionnaire was sent to all living co-
hort members. The follow-up questionnaire included questions 
about diet, details on reproductive factors, and history of the use 
of OCs and PMHs (response rate 70%). 

 A total of 66   651 women completed the fi rst food frequency 
questionnaire (FFQ-87). We excluded women with missing 
( n  = 707) or incorrect ( n  = 415) national identifi cation num-
bers; women who were born before 1914 or after 1948 ( n  = 165); 
women whose questionnaires were not properly dated ( n  = 608); 
women with missing date of moving out of the study area ( n  = 
79), date of death ( n  = 16), height or weight ( n  = 1404), age at fi rst 
birth ( n  = 61), and parity ( n  = 33) and women who reported un-
reasonable estimates of total energy intake ( n  = 793). The  follow-
up of the cohort began in January 1988 in Uppsala County and in 
November 1997 in Västmanland County, because routine evalua-
tion of ER and PR status had been implemented in Västmanland 
County in 1997 (during the period 1987 – November 1997, ER/PR 
status was unknown in 72.5% of case patients; see Supplemental 
Table 1 available at  http://jncicancerspectrum.oxfordjournals.
org/jnci/content/vol97/issue21 ). Women with a previous cancer 
diagnosis (except nonmelanoma skin cancer) that was identifi ed 
by linkage to the National Swedish Cancer Registry (before the 
start of follow-up) were also excluded ( n  = 4325). In addition, we 
excluded all women who were pre- and perimenopausal at the 
start of follow-up ( n  = 27   722), but subsequently we reentered 
women who become postmenopausal  during follow-up if they 
were cancer-free and living in the study area ( n  = 23   888). In the 
present study, we defi ned age at menopause as the age at cessa-
tion of menstruation (natural or due to bilateral oophorectomy) 
based on the information from the self- administrated supplemen-
tal form in 1988 – 1990 and the  second questionnaire in 1997 ( n  = 
39   727). If the information  enabling us to determine age at meno-
pause was missing on the questionnaire, we defi ned it as either 
the age at bilateral oophorectomy (from the Swedish Inpatient 
Register) if they were younger than 55 years of age ( n  = 734) or 
as 55 years of age if they were age 55 years and older ( n  = 13   750), 
because approximately 90% of women in the cohort stopped 
menstruating before age 55 years. Furthermore, all women who 
were more than 70 years old at baseline ( n  = 2364) were excluded 
from the analyses to avoid a potential selection bias due to the 
dependency of case patients with unknown receptor status on 
nondrinking status in this age group (see Supplemental Table 2 
available at  http:// jncicancerspectrum.oxfordjournals.org/jnci/
content/vol97/issue21 ). Consequently, the fi nal study cohort 
comprised 51   847 postmenopausal women.  

  Exposure Measurement 

 Dietary assessment methods and validity of the food frequency 
questionnaire (FFQ-87) were described in our previous study 

 ( 24 ) . The FFQ-87 included 67 food items and alcoholic bever-
ages commonly consumed in Sweden. Women were asked to re-
port an average frequency of consumption of each food and 
beverage during the past 6 months before entry in the cohort. 
There were eight prespecifi ed frequency categories ranging from 
 “ never/seldom ”  to  “ four or more times per day. ”  To assess alco-
hol intake, the FFQ-87 included questions on fi ve types of alco-
hol, i.e., light beer (1.8% alcohol), medium beer (2.8% alcohol), 
strong beer (4.5% alcohol), wine, and hard liquor. The second 
questionnaire (FFQ-97) added fortifi ed wine to the list. To esti-
mate alcohol (ethanol) intake from the FFQ-87, we multiplied 
reported frequency of consumption by age-specifi c (<53, 53 – 65, 
and >65 years) drink sizes based on mean values obtained from 
213 randomly chosen women from the study area whose food 
intake (including alcoholic beverages) for 5922 days was weighed 
and recorded (Wolk A: personal communication). The average 
daily alcohol intake that was estimated from the FFQ-97 was 
based on consumption frequencies of specifi c alcoholic bever-
ages and self-reports of average sizes for those specifi c drinks (in 
centiliters; open questions). We observed a high correlation be-
tween alcohol intake estimated by the FFQ-87 and alcohol intake 
calculated from four 1-week diet records obtained 3 – 4 months 
apart (Spearman rank correlation coeffi cient,  r  = .9) among 129 
women in a subgroup from the Swedish Mammography Cohort, 
validating the accuracy of the alcohol intake estimates. 

 The estimated nutrient intakes based on the FFQ-87 and FFQ-
97 were calculated using food composition values from the 
Swedish National Food Administration database  ( 25 )  that take 
age-specifi c portion sizes into account. Nutritional covariates 
(dietary fi ber and total fat) were adjusted for total caloric intake 
using the residual method  ( 26 ) .  

  Ascertainment of Breast Cancer Cases and Follow-up 
of the Cohort 

 Histologically confi rmed incident cases of invasive breast 
cancer were identifi ed by linkage of the cohort with the National 
and Regional Cancer Registries (from March 1, 1987, through 
June 30, 2004). The Swedish Cancer Registry system is estimated 
to be 98% complete  ( 27 ) . Dates of death during follow-up were 
ascertained through linkage with the Swedish Death Register, 
and dates of migration from the study area were obtained through 
linkage with the Swedish Population Register. The information 
about ER and PR status (+/ − ) of breast cancers was obtained by 
reviewing pathology laboratory work logs stored at Uppsala Uni-
versity Hospital (from 1987 to 1994) and by linkage with the 
clinical database (the Quality Register) at the Regional Oncology 
Centre in Uppsala (from January 1, 1992, to June 30, 2004), 
which was based on the patients’ original medical records. 

 ER and PR status was determined from fresh tumor samples 
directly after surgery. An Abbott immunoassay was used for 
 evaluating ER and PR status  ( 28 ) . Only two laboratories, the 
 Departments of Pathology and Cytology at Västerås Central 
 Hospital and at Uppsala University Hospital, were involved in 
this evaluation. Cases coded as borderline ( ≥ 0.1 fmol of receptor 
per  μ g of cytosol DNA) were considered as hormone receptor –
 positive for this analysis. In analyses we only included the fi rst 
invasive breast cancer case patients with known receptor status. 
Patients with synchronous cancers with different receptor status 
( n  = 4) or patients with missing ER and/or PR status were classi-
fi ed into the ER and/or PR unknown group and were excluded 
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from the analysis. The study was approved by the Regional 
 Ethical Committee at Uppsala University Hospital and by the 
 Regional Ethical Committee at Karolinska Institutet. Obtaining 
written information about the study and completion of the ques-
tionnaire were considered to imply informed consent.  

  Statistical Analysis 

 Subjects were entered into the study on the administration 
date of the FFQ-87 in Uppsala and that of the FFQ-97 in Väst-
manland if they were postmenopausal, the date of becoming 
postmenopausal during follow-up as recorded in 1997 for those 
who were premenopausal at baseline, the date of bilateral oopho-
rectomy during follow-up, or the woman’s 55th birthday for 
those with missing dates of menopause. Follow-up was censored 
at the date of death, at the date of migration out of the study area, 
at the date of diagnosis for any other type of cancer including 
other subtypes of breast tumors, or at the end of the follow-up 
(June 30, 2004), whichever occurred fi rst. 

 To improve statistical effi ciency and to reduce misclassifi ca-
tion of exposure, we used time-dependent multivariable Cox 
proportional hazards regression models to estimate relative 
risks (RRs) and 95% confi dence intervals (CIs) with age as the 
time scale  ( 29 ) . The data conformed to proportional hazards as-
sumptions as verifi ed by a graphical method using Kaplan –
 Meier curves  ( 30 ) . We subdivided the consumption of alcohol 
into four categories: nondrinker, <3.4 g, 3.4 – 9.9 g, and  ≥ 10.0 g 
of ethanol per day. The cut points of 3.4 and 10.0 g of ethanol 
per day correspond to the median value among drinkers in the 
cohort and to approximately one alcoholic drink, respectively. 
The multivariable model simultaneously included fi rst-degree 
family history of breast cancer, body mass index [BMI (weight 
in kilograms divided by height in meters squared), based on the 
World Health Organization classifi cation  ( 31 ) ], height, age at 
menarche ( ≤ 12 years, 13 years = median in the cohort, or  ≥ 14 
years), parity (nulliparous, 1 – 2, or  ≥ 3 children), age at fi rst birth 
(nulliparous, <26, 26 – 30, or  ≥ 31 years), educational level (<12 
or  ≥ 12 years of education), use of OCs, age at menopause (<51 
or  ≥ 51 years; 51 years = median age at menopause in the study 
cohort), type of menopause, use of PMHs, and history of benign 
breast disease. Total energy intake, energy-adjusted dietary 
fi ber intake, and  energy-adjusted total fat intake were also in-
cluded in the model as nutritional covariates. Alcohol intake 
was included in the model as a time-dependent variable, which 
means that for the time period between the start of follow-up 
and the FFQ-97, estimates of alcohol intake were based on the 
FFQ-87 data and thereafter on the FFQ-97 data. Similarly, data 
for other covariates changing with time such as BMI, use of 
PMHs, family history of breast cancer, and nutritional variables 
were updated in the analysis when the information in the 
FFQ-97 was available. 

 We tested heterogeneity of the observed associations across ER 
and PR status by comparing three pairs of regression coeffi cients 
that corresponded to three alcohol intake levels derived from sep-
arate Cox regression models. Differences of the results between 
the different tumor subtypes were tested by the Wald statistic  ( 32 ) . 
A combined Wald statistic for this purpose has asymptotic chi-
squared distribution with 3 degrees of freedom. We also applied 
the Wald statistic for testing heterogeneity of risk estimates be-
tween the different subtypes of cancer for each alcohol intake 
level separately (paired comparisons with 1 degree of freedom). 

Trend tests were conducted by using the median value for each 
category of alcohol intake as a continuous variable in the model. 

 We conducted analyses stratifi ed by use of PMHs, BMI, and 
family history of breast cancer to assess possible interactions 
with these factors. The cross-product terms of these factors 
(PMHs, ever or never; BMI, <25 or  ≥ 25 kg/m 2 ; family history, 
yes or no) and four categories of alcohol intake (nondrinker, 
< median among drinkers, median to 9.9 g/day, or  ≥ 10.0 g/day) 
were introduced into the Cox proportional hazard regression 
model. Participants with missing values for the factors of interest 
were excluded from these analyses. The  P  value for interaction 
was calculated by a likelihood ratio test comparing models with 
and without the interaction terms. 

 All analyses were performed using the SAS statistical pack-
age version 9.1 (SAS Institute, Cary, NC). All statistical tests 
were two-sided, and statistical signifi cance was defi ned as 
 P <.05.   

  R ESULTS  

 After an average 8.3-year follow-up, corresponding to 430   583 
person-years, 1284 invasive breast cancer cases were diagnosed 
among 51   847 postmenopausal women in the cohort. Information 
about combined ER and PR status was available for 1188 case 
patients (92.5% of the total). Among them, the tumors of 716 
case patients (60.3%) were ER+PR+, 279 (23.5%) were ER+PR − , 
50 (4.2%) were ER − PR+, and 143 (12.0%) were ER − PR − . 
Either ER or PR status or both were missing for 96 tumors. The 
study cohort had relatively low alcohol consumption; 26.7% of 
subjects were nondrinkers, 36.9% consumed on average less than 
3.4 g/day, 28.5% consumed 3.4 – 9.9 g/day, and 7.9% consumed 
10 g/day or more. The women who did not consume alcohol 
were older than the drinkers. There were no differences in the 
 percentage distribution of women with different characteristics 
across categories of alcohol intake (   Table 1 ). The distribution 
of case patients with known and unknown receptor status was 
not different overall according to alcohol intake, PMH use, 
BMI, family history of breast cancer, and other major potential 
 confounding factors (see Supplemental Table 3 available at  http://
jncicancerspectrum.oxfordjournals.org/jnci/content/vol97/issue21 ).   

 We observed an association with alcohol intake and breast 
cancer risk that was dependent upon ER status. In the study co-
hort, alcohol intake was statistically signifi cantly associated with 
elevated risk for both ER+PR+ and ER+PR −  tumors; the multi-
variable adjusted risk ratios comparing the highest alcohol intake 
group ( ≥ 10 g/day) with nondrinkers were 1.35 (95% CI = 1.02 to 
1.80,  P  trend <.049) and 2.36 (95% CI = 1.56 to 3.56,  P  trend <.001 ) , 
respectively (   Table 2  ). In contrast, no statistically signifi cant as-
sociations were observed for ER − PR+ or for ER − PR −  tumors 
(RR = 0.62, 95% CI = 0.13 to 2.90 and RR = 0.80, 95% CI = 0.38 
to 1.67, respectively). No statistically signifi cant difference 
was observed in the risk estimates between the ER+PR+ and 
ER+PR −  tumors ( P  heterogeneity  = .10) or between ER − PR+ and 
ER − PR −  tumors ( P  heterogeneity  = .94), which allowed us to 
perform analysis with all ER+ subtypes and all ER −  subtypes 
combined to increase statistical power. The absolute rate of all 
ER+ breast cancers (standardized to the age distribution of 
 person-years experienced by all study participants using 5-year 
age categories) among women in the highest category of alcohol 
intake was 232 per 100   000 person-years and 158 per 100   000 
person-years among nondrinkers.   
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 For all ER+ tumors, the multivariable adjusted risk ratio 
among women in the high alcohol intake group ( ≥ 10.0 g/day) 
was higher than that among nondrinkers (RR = 1.65, 95% CI = 
1.31 to 2.07,  P  trend <.001). The corresponding risk ratio for all 
ER −  tumors in the high alcohol intake group was 0.77 (95% CI = 
0.40 to 1.49,  P  trend  = .36). Heterogeneity between observed risk 
estimates for all ER+ and all ER −  tumors was observed in the 
high alcohol intake group ( ≥ 10 g/day) ( P  heterogeneity  = .034). 

 Because age 55 years was used as a cut point of menopausal 
status for 26% of the women in the study cohort, we performed 
sensitivity analyses and changed the assumed postmenopausal 
age from 55 years to either 53 or 57 years. When we used 
53 or 57 years of age as the cut point for postmenopausal sta-
tus, the multivariable adjusted risk for all ER+  tumors was 
higher among women in the high alcohol intake group ( ≥ 10.0 
g/day) than among nondrinkers (for 53 years, RR = 1.65, 95% 
CI = 1.31 to 2.07,  P  trend <.001 and for 57 years, RR = 1.66, 
95% CI = 1.31 to 2.10,  P  trend <.001); in contrast, the corre-
sponding relative risks for all ER −  tumors were not statisti-
cally signifi cant. Further sensitivity analyses based on the data 
excluding all women with missing values on age at meno-
pause, use of OCs, and use of PMHs or including women with 
synchronous cancers with different receptor status in  different 
ER- and PR-defi ned subgroups gave risk estimates similar to 
those presented in    Table 2  (data not shown). An  additional sen-
sitivity analysis based on the data from the  Uppsala County 
subcohort (including women older than 70 years of age at 
baseline), in which the routine evaluation of ER/PR status was 
introduced before the start of the cohort, gave similar results 
(   Table 2 ). 

 We then evaluated whether risk factors infl uencing estro-
gen exposure in postmenopausal women (use of PMHs and BMI 
>25 kg/m 2 ) and family history of breast cancer modifi ed the ob-
served association between alcohol intake and breast cancer risk. 
Among nondrinkers, we found no evidence of an overall positive 
association between ever PMH use and invasive breast cancer 
risk. The multivariable adjusted risk ratios for nondrinkers who 
were ever PMH users compared with those nondrinkers who 
never used PMHs were not statistically signifi cantly different for 
any of the three tumor subtypes (   Table 3 ). The number of case 
patients with ER − PR+ tumors was too small ( n  = 33) to  analyze 
separately; therefore, we performed the analysis with all ER −  
 tumors. Among women who consumed alcohol, ever PMH use 
was positively associated with increased risk for the devel opment 
of ER+PR+ tumors and of ER+PR −  tumors but not for that of 
ER −  tumors. The risk of developing ER+PR+ breast  cancer 
among women with alcohol intake  ≥ 10.0 g/day and ever PMH 
users was approximately 80% higher than that among  nondrinkers 
who never used PMHs; the risk of developing ER+PR −  tumors 
was greater than 3.5-fold higher (   Table 3 ). The corresponding 
risk estimates for women in the high alcohol  intake group ( ≥ 10.0 
g/day) and ever PMH use were heterogeneous between ER+PR+ 
and all ER −  tumors ( P  heterogeneity  = .005) and between ER+PR −  
and all ER −  tumors ( P  heterogeneity <.001).   

 The interaction between alcohol intake and PMH use for 
ER+PR+ tumors was statistically signifi cant ( P  interaction  = .039). 
For the sensitivity analysis based on the Uppsala County subco-
hort, the corresponding interaction was also statistically signifi -
cant ( P  interaction  = .038). Overall, the results for the interaction 
of alcohol intake with high BMI and with history of breast cancer 

  Table 1.       Age-standardized prevalence of risk factors for breast cancer according to alcohol intake among 51   847 postmenopausal women in the Swedish 
Mammography Cohort *   

       Categories of alcohol consumption, g of ethanol per day 

    Nondrinkers      <3.4   3.4 − 9.9    ≥ 10       
Characteristic n = 13   857 (26.7%)  n  = 19   151 (36.9%)  †    n  = 14   762 (28.5%)     n  = 4077 (7.9%) P‡

 Age at entry, y mean  (standard deviation)  63 (8.3)   60 (7.9)   57 (6.7)   57 (6.6)    
 Body mass index, %                  
             Lean and normal (<25 kg/m2)   45.7   52.1   60.7   59.4    
             Overweight (25 − 29.9 kg/m2)   37.7   36.2   31.8   32.2    
             Obesity ( ≥ 30 kg/m2)   16.6   11.7   7.5   8.4   .24 
 Family history of breast cancer, % §    8.3   8.5   8.8   9.0   1.00 
  ≥ 12 years of education, %   6.3   8.5   10.7   14.6   .24 
 Ever taken postmenopausal hormones, %  ||     36.5   43.7   48.9   49.8   .21 
 Ever taken oral contraceptives, %  ||     42.9   45.4   50.0   50.2   .67 
 Age at menarche, %  ||                  
              ≤ 12 y   24.5   24.0   23.9   20.3    
             13 y   34.8   37.3   39.5   39.6    
              ≥ 14 y   40.7   38.7   36.6   40.1   .98 
 Parity, %                
             No. of children                
                         0   11.8   10.6   11.1   12.2    
                         1 – 2   49.9   55.8   57.4   55.8    
                          ≥ 3   38.3   33.6   31.5   32.0   .95 
             Age at fi rst birth                
                         Nulliparous   11.8   10.6   11.1   12.2    
                          ≤ 25 y   59.6   58.3   54.3   53.7    
                         26  −  30 y   19.9   22.4   25.5   25.9    
                          ≥ 31 y   8.7   8.7   9.1   8.2   1.00  

  *  Age standardized to the distribution of person-time of follow-up among nondrinkers.  
   †   3.4 g of ethanol per day is the median alcohol intake among drinkers.  
   ‡    P  values (two-sided) were from chi-square tests.  
  §  A family history of breast cancer in mother, sister, or daughter.  
   ||   Among those with complete information.  
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in fi rst-degree relatives were not statistically signifi cant (data 
not shown).  

  D ISCUSSION  

 In this population-based prospective cohort study of post-
menopausal women, we found that alcohol consumption is statis-
tically signifi cantly positively associated in a dose − response 
manner with increased risk for the development of ER+PR+ 
 tumors and ER+PR −  tumors but not for development of ER − PR+ 
tumors or ER − PR −  tumors. We observed a statistically signifi -
cant interaction between alcohol intake and use of PMHs for the 
risk of ER+PR+ tumors and an additive risk relationship for 
ER+PR −  tumors. These results suggest that both alcohol con-
sumption and PMH use may be involved in the etiology of ER+ 
tumors but not that of ER −  tumors. 

 A possible biologic explanation for the association between 
alcohol and breast cancer risk is that ethanol stimulates the 

 expression of ER and/or the proliferation of ER+ human breast 
cancer cells as shown in mechanistic studies  ( 10 , 11 ) . The ob-
served results for ER+PR+ tumors also support a possibility 
that alcohol-induced endogenous estrogen may contribute 
to the increased risk  ( 7  –  9 ) , given that higher frequency of 
PR expression indicates ER-mediated estrogen action in the 
tumors  ( 33 ) . 

 We did not observe an association between alcohol intake and 
the risk of ER −  breast cancer. ER −  breast cancer has been pro-
posed to have characteristics different from those of ER+ breast 
cancer, and previous studies indicate that tumors with BRCA1 
mutations are generally ER − PR −   ( 34  –  38 ) . 

 The results from seven case – control studies  ( 15  –  21 )  and two 
cohort studies, the Iowa Women’s Health Study cohort  ( 22 , 39 )  
and the Nurses’ Health Study  ( 40 , 41 ) , are relevant to our fi nd-
ings. The positive association between alcohol intake and ER+ 
breast tumors observed in our study is in agreement with three 
case – control studies  ( 15  –  17 )  but in disagreement with four 

  Table 2.       Multivariable relative risks (RRs)* and 95% confi dence intervals (CIs) for the effects of alcohol intake on postmenopausal breast cancer risk by 
receptor-defi ned subtype among 51   847 postmenopausal women in the Swedish Mammography Cohort (the Uppsala County subcohort = 30   143 women)     

      Categories of alcohol consumption, g of ethanol per day   

 Tumors according to receptor status   Nondrinkers   < Median  †     Median – 9.9    ≥ 10.0  ‡      P  trend  §  

 Study cohort                
             All invasive tumors  ||                  
                         No. of person-years   104   515   164   567   114   828   46   673    
                         No. of patients   314   476   343   151    
                         RR (95% CI)   1.00 (referent)   1.08 (0.94 to 1.25)   1.10 (0.94 to 1.29)   1.43 (1.16 to 1.76)   .0012 
             ER+PR+ tumors                
                         No. of patients   184   269   186   77    
                         RR (95% CI)   1.00 (referent)   1.07 (0.89 to 1.30)   1.09 (0.88 to 1.35)   1.35 (1.02 to 1.80)   .049 
             ER+PR −  tumors                
                         No. of patients   54   90   81   54    
                         RR (95% CI)   1.00 (referent)   1.10 (0.78 to 1.55)   1.30 (0.91 to 1.87)   2.36 (1.56 to 3.56)   <.001 
             ER − PR+ tumors                
                         No. of patients   13   21   14   2    
                         RR (95% CI)   1.00 (referent)   1.27 (0.63 to 2.57)   1.30 (0.58 to 2.89)   0.62 (0.13 to 2.90)   .57 
             ER − PR −  tumors                
                         No. of patients   35   56   42   10    
                         RR (95% CI)   1.00 (referent)   1.11 (0.72 to 1.71)   1.09 (0.68 to 1.75)   0.80 (0.38 to 1.67)   .45 
 Uppsala County subcohort                
             All invasive tumors ¶                 
                         No. of person-years   81   649   120   728   81   321   33   263    
                         No. of patients   279   352   249   110    
                         RR (95% CI)   1.00 (referent)   1.00 (0.85 to 1.18)   1.04 (0.87 to 1.25)   1.49 (1.17 to 1.89)   <.001 
             ER+PR+ tumors                
                         No. of patients   167   206   137   60    
                         RR (95% CI)   1.00 (referent)   0.99 (0.81 to 1.22)   0.99 (0.78 to 1.26)   1.41 (1.02 to 1.94)   .030 
             ER+PR −  tumors                
                         No. of patients   29   45   47   34    
                         RR (95% CI)   1.00 (referent)   1.09 (0.68 to 1.74)   1.49 (0.91 to 2.43)   3.05 (1.76 to 5.28)   <.0001 
             ER − PR+ tumors                
                         No. of patients   16   24   13   2    
                         RR (95% CI)   1.00 (referent)   1.30 (0.68 to 2.47)   1.16 (0.53 to 2.53)   0.74 (0.16 to 3.39)   .67 
             ER − PR −  tumors                
                         No. of patients   32   40   31   8    
                         RR (95% CI)   1.00 (referent)   1.01 (0.63 to 1.61)   1.12 (0.66 to 1.89)   1.03 (0.45 to 2.33)   .83    

*  Multivariable Cox proportional hazards models with age as the time scales were adjusted for body mass index (<18.5, 18.5 – 24.9, 25 – 29.9, or  ≥ 30 kg/m 2 ), height 
(continuous), education (<12 years of education or  ≥ 12 years of education), parity (nulliparous, 1 – 2, or  ≥ 3 children), age at fi rst birth (nulliparous, <26, 26 – 30, or 
 ≥ 31 years), age at menarche ( ≤ 12 years, 13 years,  ≥ 14 years, or missing), age at menopause (<51 or  ≥ 51 years), type of menopause (natural or surgery), use of oral 
contraceptives (ever, never, or missing), use of postmenopausal hormones (ever, never, or missing), fi rst-degree of family history of breast cancer (yes or no), history of 
benign breast disease (yes or no), quartiles of total energy intake, energy-adjusted dietary fi ber and total fat intake. ER = estrogen receptor; PR = progesterone receptor.  

   †   The median alcohol intake among drinkers is approximately 3.4 g of ethanol per day in the study cohort and in the Uppsala County subcohort.  
   ‡   10 g ethanol corresponds to approximately one drink of alcohol.  
  §  Two sided  P  values for trend were calculated using the Wald statistic using the median values for each category of alcohol intake as a continuous variable.  
   ||   Includes 96 patients with unknown ER/PR status.  
  ¶  Includes 99 patients with unknown ER/PR status.  
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others  ( 18  –  21 )  and one cohort study  ( 22 ) . Among the last fi ve 
studies, one relatively large study encompassed 1774 case pa-
tients and 2311 control subjects, but its assay method for evaluat-
ing ER and PR status was not standardized  ( 21 ) . The relatively 
small size of the other studies [from 238 to 610 postmenopausal 
case patients with known receptor status  ( 18  –  20 , 22 ) ] may limit 
their power to detect a weak association. Statistically signifi cant 
interaction between alcohol intake and use of PMHs was not 
 observed either for total breast cancer risk  ( 40 )  or for ER/PR-
 defi ned breast cancer in the Nurses’ Health Study  ( 41 ) . In the 
Iowa Women’s Health Study cohort  ( 39 ) , there was a statistically 
signifi cant interaction of alcohol with the risk of developing 
ER+PR+ tumors and even ER − PR −  tumors with PMH use, but 
not for ER+PR −  tumors, which is only in partial agreement with 
our results. These confl icting results require further studies of 
ER- and PR-defi ned breast cancer. 

 There are some limitations in the present study. First, the mea-
surement of alcohol intake, although based on a long-term expo-
sure, did not refl ect lifetime consumption and total duration of 
alcohol consumption. This incomplete information could lead to 
attenuation of the observed risk. Second, we had no information 
about the type of PMH preparation nor the duration and the 
 recency of use. These variables are of importance for specifi c and 
precise estimates of the breast cancer risk associated with PMH 
use and with the combined effect of alcohol and PMH use. 
 Because of the lack of complete information on PMH use in our 
study, women using different PMH preparations, those with short 
as well as long use, women who stopped use many years ago, and 
those who were still using PMHs — i.e., women with a varying 
risk due to PMH use  ( 42 )  — were placed into the same category as 
ever users. However, our crude information about PMH use in 
general would tend to attenuate the observed association with 
PMH use and the observed interaction of alcohol with PMH use 
in relation to ER+PR+ breast cancer risk as well as the observed 
risk additive relation for ER+PR −  tumors and thus could not 
 explain our results. Nevertheless, the observed interaction 
 between alcohol and PMH use for ER+PR+ tumors and the lack 
of a positive association between PMH use and risk of breast 
cancer among nondrinkers have to be considered with caution 
because of the lack of optimal exposure information on these two 
factors. 

 The major strengths of our study include its population-based 
design, the completeness of identifi cation of all breast cancer 
cases through the Swedish Cancer Registries  ( 27 ) , and the large 
number of breast cancer case patients with defi ned ER/PR status 
(92.5%) based on the concentrations of ER and PR that were 
evaluated by the same immunoassay during the entire follow-up 
period. Furthermore, the prospective design of our study makes it 
unlikely that the associations we observed were due to recall bias, 
which can lead to spurious associations in case – control studies. 
Repeated measurements of alcohol intake during follow-up 
and high validity of self-reported alcohol intake contribute to the 
precision of our estimates. 

 In conclusion, fi ndings from this prospective population-based 
study show that alcohol consumption is positively associated 
with increased risk for ER+ tumors, irrespective of PR status. 
The observation that alcohol was associated with the risk of 
 developing ER+ tumors but not ER −  tumors implies that alcohol 
may affect postmenopausal breast cancer through the ER-
 signaling pathway. Our fi ndings are biologically relevant because 
the  majority of breast tumors among postmenopausal women are 

ER+. In the future, large studies with complete and detailed infor-
mation on lifelong alcohol consumption and on lifelong specifi c 
 exogenous hormone use need to further investigate the issue 
of alcohol and PMH use in the development of ER+ breast can-
cer, which is of great clinical and public health importance. 
 Molecular epidemiologic studies also need to further identify 
 susceptibility factors for alcohol-associated breast cancer, such as 
inherited  differences in the capacity to metabolize and detoxify 
alcohol.    

  REFERENCES 

   (1)   Longnecker MP. Alcoholic beverage consumption in relation to risk of breast 
cancer: meta-analysis and review.  Cancer Causes Control   1994 ; 5 : 73  – 82.  

   (2)   World Cancer Research Fund W. Food, nutrition and the prevention of 
 cancer: a global perspective. Washington, DC: Americal Institute for Cancer 
Research;  1997 .  

   (3)   Smith-Warner SA, Spiegelman D, Yaun SS, van den Brandt PA, Folsom AR, 
Goldbohm RA, et al. Alcohol and breast cancer in women: a pooled analysis 
of cohort studies.  JAMA   1998 ; 279 : 535  – 40.  

   (4)   Hamajima N, Hirose K, Tajima K, Rohan T, Calle EE, Heath CW Jr, et al. Al-
cohol, tobacco and breast cancer — collaborative reanalysis of individual data 
from 53 epidemiological studies, including 58 515 women with breast cancer 
and 95 067 women without the disease.  Br J Cancer   2002 ; 87 : 1234  – 45.  

   (5)   Clarke R, Dickson RB, Lippman ME. Hormonal aspects of breast cancer. 
Growth factors, drugs and stromal interactions.  Crit Rev Oncol Hematol  
 1992 ; 12 : 1  – 23.  

   (6)   Thorpe SM. Estrogen and progesterone receptor determinations in 
breast cancer. Technology, biology and clinical signifi cance.  Acta Oncol  
 1988 ; 27 : 1  – 19.  

   (7)   Dorgan JF, Baer DJ, Albert PS, Judd JT, Brown ED, Corle DK, et al. Se-
rum hormones and the alcohol-breast cancer association in postmenopausal 
women.  J Natl Cancer Inst   2001 ; 93 : 710  – 5.  

   (8)   Gavaler JS, Rosenblum E. Exposure-dependent effects of ethanol on se-
rum estradiol and uterus mass in sexually mature oophorectomized rats: a 
model for bilaterally ovariectomized-postmenopausal women.  J Stud 
Alcohol   1987 ; 48 : 295  – 303.  

   (9)   Ginsburg ES, Walsh BW, Shea BF, Gao X, Gleason RE, Barbieri RL. The 
effects of ethanol on the clearance of estradiol in postmenopausal women. 
 Fertil Steril   1995 ; 63 : 1227  – 30.  

   (10)   Fan S, Meng Q, Gao B, Grossman J, Yadegari M, Goldberg ID, et al. 
 Alcohol stimulates estrogen receptor signaling in human breast cancer cell 
lines.  Cancer Res   2000 ; 60 : 5635  – 9.  

   (11)   Singletary KW, Frey RS, Yan W. Effect of ethanol on proliferation and 
 estrogen receptor-alpha expression in human breast cancer cells.  Cancer 
Lett   2001 ; 165 : 131  – 7.  

   (12)   Fan S, Wang J, Yuan R, Ma Y, Meng Q, Erdos MR, et al. BRCA1 inhibition of 
estrogen receptor signaling in transfected cells.  Science   1999 ; 284 : 1354  – 6.  

   (13)   Feron VJ, Til HP, de Vrijer F, Woutersen RA, Cassee FR, van Bladeren PJ. 
Aldehydes: occurrence, carcinogenic potential, mechanism of action and 
risk assessment.  Mutat Res   1991 ; 259 : 363  – 85.  

   (14)   Brooks PJ. DNA damage, DNA repair, and alcohol toxicity — a review. 
 Alcohol Clin Exp Res   1997 ; 21 : 1073  – 82.  

   (15)   Enger SM, Ross RK, Paganini-Hill A, Longnecker MP, Bernstein L. 
Alcohol consumption and breast cancer oestrogen and progesterone recep-
tor status.  Br J Cancer   1999 ; 79 : 1308  – 14.  

   (16)   Nasca PC, Liu S, Baptiste MS, Kwon CS, Jacobson H, Metzger BB. Alcohol 
consumption and breast cancer: estrogen receptor status and histology.  Am 
J Epidemiol   1994 ; 140 : 980  – 8.  

   (17)   Li CI, Malone KE, Porter PL, Weiss NS, Tang MT, Daling JR. The relation-
ship between alcohol use and risk of breast cancer by histology and hormone 
receptor status among women 65 – 79 years of age.  Cancer Epidemiol Bio-
markers Prev   2003 ; 12 : 1061  – 6.  

   (18)   Cooper JA, Rohan TE, Cant EL, Horsfall DJ, Tilley WD. Risk factors for 
breast cancer by oestrogen receptor status: a population-based case-control 
study.  Br J Cancer   1989 ; 59 : 119  – 25.  

   (19)   Yoo KY, Tajima K, Miura S, Takeuchi T, Hirose K, Risch H, et al. 
Breast cancer risk factors according to combined estrogen and 

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/97/21/1601/2521457 by guest on 17 April 2024



1608 ARTICLES Journal of the National Cancer Institute, Vol. 97, No. 21, November 2, 2005

progesterone receptor status: a case-control analysis.  Am J Epidemiol  
 1997 ; 146 : 307  – 14.  

   (20)   Huang WY, Newman B, Millikan RC, Schell MJ, Hulka BS, Moorman PG. 
Hormone-related factors and risk of breast cancer in relation to estrogen re-
ceptor and progesterone receptor status.  Am J Epidemiol   2000 ; 151 : 703  – 14.  

   (21)   Cotterchio M, Kreiger N, Theis B, Sloan M, Bahl S. Hormonal factors and 
the risk of breast cancer according to estrogen- and progesterone-receptor 
Subgroup.  Cancer Epidemiol Biomarkers Prev   2003 ; 12 : 1053  – 60.  

   (22)   Potter JD, Cerhan JR, Sellers TA, McGovern PG, Drinkard C, Kushi LR, 
et al. Progesterone and estrogen receptors and mammary neoplasia in the 
Iowa Women’s Health Study: how many kinds of breast cancer are there? 
 Cancer Epidemiol Biomarkers Prev   1995 ; 4 : 319  – 26.  

   (23)   Singletary KW, Gapstur SM. Alcohol and breast cancer: review of epide-
miologic and experimental evidence and potential mechanisms.  JAMA  
 2001 ; 286 : 2143  – 51.  

   (24)   Wolk A, Bergstrom R, Hunter D, Willett W, Ljung H, Holmberg L, et al. 
A prospective study of association of monounsaturated fat and other types 
of fat with risk of breast cancer.  Arch Intern Med   1998 ; 158 : 41  – 5.  

   (25)   Bergström LKE, Hagman U, Eriksson HB, Bruce Å. The food composition 
database KOST: the National Food Administration’s information system for 
nutritive values of food.  Vår Föda   1991 ; 43 : 439  – 47.  

   (26)   Willett WC. Nutritional epidemiology. 2nd ed. New York ( n Y): Oxford 
University Press;  1998 .  

   (27)   Mattsson B, Wallgren A. Completeness of the Swedish Cancer Registry. 
 Acta Radiol Oncol   1984 ; 23 : 305  – 13.  

   (28)   Pousette A, Gustafsson SA, Thornblad AM, Nordgren A, Sallstrom J, 
Lindgren A, et al. Quantitation of estrogen receptor in seventy-fi ve speci-
mens of breast cancer: comparison between an immunoassay (Abbott 
ER-EIA monoclonal) and a [ 3 H]estradiol binding assay based on isoelectric 
focusing in polyacrylamide gel.  Cancer Res   1986 ; 46 : 4308s –9s.  

   (29)   Korn EL, Graubard BI, Midthune D. Time-to-event analysis of longi-
tudinal follow-up of a survey: choice of the time-scale.  Am J Epidemiol  
 1997 ; 145 : 72  – 80.  

   (30)   Collett D. Modelling survival data in medical research. Boca Raton (FL): 
Chapman & Hall/CRC;  1999 .  

   (31)   World Health Organization. Obesity: preventing and managing the global 
epidemic. Geneva (Switzerland): World Health Organization;  1997 .  

   (32)   Liao TF. Comparing social groups: Wald statistics for testing equality among 
multiple logit models.  Int J Comp Sociol   2004 ; 45 : 3  – 16.  

   (33)   Horwitz KB, McGuire WL. Estrogen control of progesterone receptor in 
 human breast cancer. Correlation with nuclear processing of estrogen 
receptor.  J Biol Chem   1978 ; 253 : 2223  – 8.  

   (34)   Verhoog LC, Brekelmans CT, Seynaeve C, van den Bosch LM, Dahmen G, 
van Geel AN, et al. Survival and tumour characteristics of breast-
cancer patients with germline mutations of BRCA1.  Lancet   1998 ; 351 :
 316  – 21.  

   (35)   Karp SE, Tonin PN, Begin LR, Martinez JJ, Zhang JC, Pollak MN, 
et al. Infl uence of BRCA1 mutations on nuclear grade and estrogen 
 receptor status of breast carcinoma in Ashkenazi Jewish women.  Cancer  
 1997 ; 80 : 435  – 41.  

   (36)   Johannsson OT, Idvall I, Anderson C, Borg A, Barkardottir RB, Egilsson 
V, et al. Tumour biological features of BRCA1-induced breast and ovarian 
cancer.  Eur J Cancer   1997 ; 33 : 362  – 71.  

   (37)   Loman N, Johannsson O, Bendahl PO, Borg A, Ferno M, Olsson H. Steroid 
receptors in hereditary breast carcinomas associated with BRCA1 or BRCA2 
mutations or unknown susceptibility genes.  Cancer   1998 ; 83 : 310  – 9.  

   (38)   Hedenfalk I, Duggan D, Chen Y, Radmacher M, Bittner M, Simon R, 
et al. Gene-expression profi les in hereditary breast cancer.  N Engl J Med  
 2001 ; 344 : 539  – 48.  

   (39)   Gapstur SM, Potter JD, Drinkard C, Folsom AR. Synergistic effect between 
alcohol and estrogen replacement therapy on risk of breast cancer differs by 
estrogen/progesterone receptor status in the Iowa Women’s Health Study. 
 Cancer Epidemiol Biomarkers Prev   1995 ; 4 : 313  – 8.  

   (40)   Chen WY, Colditz GA, Rosner B, Hankinson SE, Hunter DJ, Manson JE, 
et al. Use of postmenopausal hormones, alcohol, and risk for invasive 
breast cancer.  Ann Intern Med   2002 ; 137 : 798  – 804.  

   (41)   Colditz GA, Rosner BA, Chen WY, Holmes MD, Hankinson SE. Risk 
 factors for breast cancer according to estrogen and progesterone receptor 
status.  J Natl Cancer Inst   2004 ; 96 : 218  – 28.  

   (42)   Breast cancer and hormone replacement therapy: collaborative reanalysis 
of data from 51 epidemiological studies of 52,705 women with breast 
cancer and 108,411 women without breast cancer. Collaborative Group on 
Hormonal Factors in Breast Cancer.  Lancet   1997 ; 350 : 1047  – 59.  

   NOTES  

   This study was funded by research grants from the Swedish Research Council/
Longitudinal Studies, the Swedish Cancer Foundation, and the Swedish Founda-
tion for International Cooperation in Research and Higher education (STINT).  

  We thank Dr. Anders Lindgren, Department of Pathology, University Hospital 
in Uppsala.

Manuscript received August 27, 2004; revised August 10, 2005; accepted 
August 30, 2005.       

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/97/21/1601/2521457 by guest on 17 April 2024


