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Although many studies report that moderate-to-heavy alcohol intake increases breast cancer risk, the effect
of light alcohol consumption remains controversial, and a consistent pattern of association with different types
of alcoholic beverages is not evident. The authors examined the relation of average alcohol consumption and
of different beverages to the risk of breast cancer in the Framingham Study (Framingham, Massachusetts). Of
2,764 women followed more than 40 years in the Original Cohort from 1948 to 1993 and 2,284 followed up to
24 years in the Offspring Cohort from 1971 to 1993, 221 and 66 incident breast cancer cases occurred,
respectively. Breast cancer incidence decreased from 3.60 per 1,000 person-years to 2.47, 2.30, and 2.33 in
increasing categories of average alcohol consumption (none, <5.0, 5.0—<15.0, and £15.0 g/day) among the
Original Cohort and from 3.07 to 1.26, 1.24, and 2.22, respectively, among the Offspring Cohort. With the two
cohorts combined, multivariate-adjusted rate ratios of breast cancer in each increased category of alcohol
consumption were 1.0 (nondrinkers), 0.8 (95% confidence interval (Cl) 0.6-1.1), 0.7 (95% Cl 0.5-1.1), and 0.7
(95% Cl 0.5-1.1), respectively. Breast cancer was not associated with wine, beer, or spirits consumption when
assessed separately. The findings suggest that the light consumption of alcohol or any type of alcoholic
beverage is not associated with increased breast cancer risk. Am J Epidemiol 1999; 149:93-101.

alcohol drinking; breast neoplasms; cohort studies

Editor's note: For a discussion of this paper and for
the authors' response, see pages 102 and 105, respec-
tively.

Over the past decade, the relation of alcohol con-
sumption to the risk of breast cancer has been studied
extensively. The results from a meta-analysis pub-
lished in 1994 suggest that a daily intake of two drinks
of any alcoholic beverage increases the risk by 24 per-
cent (1). The effect of light alcohol consumption (e.g.,

alcohol drinkers who consume up to one drink per
day) on the risk of breast cancer, however, remains
controversial (2-24). Many studies also examined the
intake of different types of alcoholic beverages, that
is, beer, wine, and spirits, in relation to the risk of
breast cancer. Some found an increased risk with all
types of alcoholic beverages (13, 16, 17), while oth-
ers reported that an adverse effect was strong for only
one or two types of beverages (3, 8, 12, 21-24). A
consistent pattern of association with different types
of alcoholic beverages is not evident (1, 25).
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94 Zhang et al.

In an earlier report (19), based on 26 years of fol-
low-up of 2,636 women in the Framingham Original
Cohort, we did not find that alcohol consumption was
associated with an increased risk of breast cancer. In
the current analyses, we extended the follow-up of the
Original Cohort to more than 40 years and assessed the
effect of average alcohol consumption over the entire
study period. We also evaluated such an association
among more than 2,500 women in the Framingham
Offspring Cohort who have been followed for more
than 20 years. In addition, we investigated the relation
of different types of alcoholic beverage consumption
to the risk of breast cancer for both cohorts.

MATERIALS AND METHODS

Study population

The Framingham Study began in 1948 in
Framingham, Massachusetts. The original cohort,
hereafter referred to as the "Original Cohort," includ-
ed 2,873 women, aged 28-62 years at the first exami-
nation. Subjects have been examined biennially since
then. At each examination, participants receive a med-
ical history interview, a physical examination, and a
series of laboratory tests. In 1971, examination was
begun on many of the children of the Original Cohort
and their spouses. Of 5,124 subjects aged 12-60 years
who were enrolled in the Framingham Offspring
Study, hereafter referred to as the "Offspring Cohort,"
2,641 are women. Subjects in the Offspring Cohort
have been followed in 4-year cycles, with evaluations
similar to those of the Original Cohort.

Assessment of alcohol consumption

Information on alcohol consumption has been col-
lected repeatedly from botli the Original Cohort and
the Offspring Cohort. At two early examinations
(examinations 2 and 7) of the Original Cohort, women
were asked how many 2-oz cocktails, 8-oz glasses of
beer, and 4-oz glasses of wine they consumed in a
month. At subsequent examinations (examinations
12-15 and 17-21) of the Original Cohort, and at all
examinations (examinations 1-4) of the Offspring
Cohort, women were asked about the number of 1.5-oz
cocktails, 12-oz glasses (or cans) of beer, and 5-oz
glasses of wine they consumed in a week. Total alco-
hol consumption (grams per day) has been computed
by multiplying the average amounts of alcohol in beer,
wine, and mixed drinks times the amount drunk. Since
there was a secular change in the alcohol content of
liquor commonly consumed (from 100 to 80 percent
proof) and the type of wine generally consumed (from
fortified to table wine), as well as a change in the aver-

age serving sizes of drinks, we used two different con-
version formulas to calculate the total ethanol content
according to when the data were collected. For exami-
nations 2 and 7 of the Original Cohort, the total ethanol
content (grams per day) was calculated based on (1.0
x the number of cocktails per month + 0.4 x the num-
ber of beers per month + 0.67 x the number of glasses
of wine per month) x 28.35/30. For all later examina-
tions in the Original Cohort and all examinations in the
Offspring Cohort, the ethanol content was estimated as
(0.57 x the number of cocktails per week + 0.44 x the
number of beers per week + 0.40 x the number of
glasses of wine per week) x 28.35/7.

Ascertainment of cases

The methods used to identify cancer cases in the
Framingham Study have been described in detail by
Kreger et al. (26). Briefly, cases were identified initial-
ly by self-report at each examination, surveillance of
admissions to the only local hospital, and review of all
death records. Participants who missed a regularly
scheduled examination were contacted by telephone or
mail to solicit information regarding medical events
during the time interval since their last examination.
For the nonrespondents or subjects whose vital status
was unknown, the National Death Index was searched
to obtain vital status and cause of death. Pertinent
medical records (pathology reports, operation notes,
autopsies) were obtained from hospitals and physi-
cians. Framingham records for each suspected cancer
case were then reviewed to confirm the diagnosis and
to determine the date of earliest diagnosis, the location
in the breast, and details of histopathology. Pathology
reports were available for 97.6 percent of breast cancer
cases in the Original Cohort and 100 percent in the
Offspring Cohort. The remainders were confirmed by
records from the cancer registry. Six cases (two from
the Original Cohort and four from the Offspring
Cohort) that could not be confirmed were not included
in this analysis. All cases were coded according to the
International Classification of Diseases for Oncology
(topography code 174) (27).

Other variables

Information on other breast cancer risk factors,
including age, height, weight, number of cigarettes per
day at the baseline examination, number of years of
education, age at menarche (Offspring Cohort only),
age at first pregnancy (Original Cohort only), parity,
and age at menopause, was obtained from each sub-
ject. For the women whose menstrual period stopped
because of hysterectomy without bilateral oophorecto-
my, the median ages of the menopause for the Original
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Cohort and the Offspring Cohort were calculated sep-
arately, and these values were assigned to those
women. Postmenopausal estrogen use was assessed at
each biennial examination of the Original Cohort since
1960 and at all examinations of the Offspring Cohort.
Physical activity was ascertained by asking each
woman how many hours a day she usually spent at
sleep and rest and, during work and leisure time, at
sedentary (e.g., standing), slight (e.g., walking), mod-
erate (e.g., greater than walking but less than running),
and heavy (e.g., running) activities. The hours at each
level of activity, weighted by the relative oxygen con-
sumption for that activity, were summed to create a
physical activity index (28). The total number of years
of postmenopausal estrogen use for each woman was
summed from the time the data were available to either
the time of breast cancer diagnosis or the time of cen-
soring.

Statistical analysis

We divided subjects into four groups according to
their average amount of alcoholic beverage consump-
tion over the follow-up period: nondrinkers, <5.0
g/day, 5.0-<15.0 g/day, and >15.0 g/day (5 g of alco-
hol approximate the amount contained in one half of
an average "drink," while 15 g represent the amount in
1-1.5 typical "drinks"). The average alcohol consump-
tion for each subject was weighted, with weights equal
to the number of years since the subject's last report on
alcohol consumption. We compared the characteristics
of women according to their average alcohol con-
sumption level using analysis of variance for continu-
ous variables and a chi-square test for categorical vari-
ables for each cohort separately. Person-years of
follow-up for each woman were computed as the
amount of time from the date of initial assessment of
alcohol consumption (examination 2 for 96.3 percent
of subjects in the Original Cohort and examination 1
for 98.7 percent of subjects in the Offspring Cohort) to
the date of the first of the following events: 1) breast
cancer diagnosis; 2) for those lost to follow-up, the last
contact date; and 3) the study closing date of
December 31, 1993. The incidence rates of breast can-
cer for each category were calculated by dividing the
number of events by the person-years of follow-up.

Since age is an important determinant of breast can-
cer, and older women tended to drink less alcohol, we
matched each breast cancer case to all available non-
cases on age. Specifically, for each breast cancer case,
we created a risk set that included all women who were
within 2 years of age of the breast cancer case at the
time of entry into the study and who were alive and
free of breast cancer when the case was diagnosed
(29). A woman could be included in more than one risk

set, and those who developed breast cancer could be
included as noncases up to the age at which cancer was
diagnosed. Alcohol consumption for noncases within
each risk set was averaged up to the age when the case
was diagnosed. We applied a Cox proportional hazards
model to assess the relation of average alcohol con-
sumption to the risk of breast cancer, using age as the
time variable. In the multivariate Cox proportional
hazards model, we adjusted for education, height,
body mass index, physical activity index, age at first
pregnancy (Original Cohort only), parity, age at
menarche (Offspring Cohort only), age at menopause,
average number of cigarettes smoked, and post-
menopausal estrogen use.

To examine the effect of each type of alcoholic bev-
erage on the occurrence of breast cancer, we believed
it appropriate to categorize consumption in terms of
number of drinks, rather than grams of alcohol, since
nonalcoholic components of different beverages may
relate to breast cancer risk. We classified women into
four groups according to their average weekly number
of drinks of beer, wine, or spirits: 0, <1, 1-2, and £3
drinks per week, adjusting data collected in examina-
tions 2 and 7 of the Original Cohort to reflect current
drinks, as described. Thus, one drink of wine, beer, and
spirits in examination 2 or 7 is equivalent to 1.68
drinks of wine, 0.91 drink of beer, and 1.75 drinks of
spirits, respectively, in subsequent examinations. The
incidence rate of breast cancer was calculated for each
category of specific type of alcoholic beverage con-
sumption. The association between breast cancer and
the specific type of alcoholic beverage was then
assessed using a Cox proportional hazards model
adjusting for other potential confounding factors,
including the intake of other alcoholic beverages.

Initial analyses were conducted separately for each
cohort, the Original and the Offspring. Since the
results from the Original Cohort and the Offspring
Cohort were similar, we combined subjects of both
cohorts and assessed alcohol consumption as well as
the different types of alcoholic beverage intakes in
relation to the risk of breast cancer.

RESULTS

Of the 2,873 women in the Original Cohort, 11 had
a history of breast cancer prior to examination 2, and
98 did not have alcohol information; these subjects
were excluded from the analysis. During the follow-up
period (median, 34.3 years; range, 0.2-42.5 years),
221 women in the Original Cohort developed breast
cancer. The median age at the time of diagnosis was
68.4 years, and 95.5 percent of cases occurred after the
menopause. Of the 2,641 women in the Offspring
Cohort, 357 subjects were excluded from the analysis
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because of a history of breast cancer before examina-
tion 1 (ji = 7), incomplete follow-up for subjects who
came only for examination 1 (n = 255), being younger
than 20 years at examination 1 (n = 94) (none of them
developed breast cancer), and lack of alcohol con-
sumption information (n = 1). Of the remaining 2,284
subjects, 66 developed breast cancer during the fol-
low-up period (median follow-up of 19.3 years with
the range being 0.2-22.6 years). The median age at the
time of diagnosis for women in the Offspring Cohort
was 54.2 years, and 81.8 percent of cases occurred
after the menopause.

Table 1 shows the characteristics of the women with
breast cancer and those without breast cancer in the
Original and the Offspring cohorts, respectively.
Among the Original Cohort, women with breast cancer
were significantly older at menopause (p = 0.03), older
at first pregnancy (p = 0.01), more educated (p = 0.02),
and more likely to be nulliparous (p = 0.06). However,
there were no statistically significant differences
between the two groups of women in terms of age at
entry into the study, height, body mass index, years of
postmenopausal estrogen use, cigarette smoking, or
level of physical activity. Characteristics of breast can-
cer cases and noncases in the Offspring Cohort were
similar to those observed among the Original Cohort,
except that breast cancer cases were older at entry to
the study (p < 0.01) and the years of education were
not statistically significant between breast cancer cases
and noncases.

Table 2 displays the distribution of potential con-
founding factors for breast cancer according to the
average alcohol consumption over the follow-up peri-
od among subjects in the Original Cohort. As com-
pared with nondrinkers, alcohol drinkers tended to be
younger, taller, and leaner and to have a later age at
their first pregnancy. Alcohol consumers also had
more years of education, used postmenopausal hor-
monal therapy for a longer period, smoked more ciga-
rettes, and were at a higher level of physical activity.
Similar differences, except parity and physical activity
level, were also found among the Offspring Cohort
(table 3).

The incidence of breast cancer was slightly higher
among nondrinkers than drinkers in both the Original
and Offspring cohorts (table 4). The incidence rate
decreased from 3.60 per 1,000 person-years among
nondrinkers to 2.47, 2.30, and 2.33 per 1,000 person-
years in each increased category of alcohol consump-
tion among the Original Cohort. The corresponding
incidence rates were 3.07, 1.26, 1.24, and 2.22 per
1,000 person-years, respectively, among the Offspring
Cohort. When the two cohorts were combined, the
multivariate-adjusted rate ratios of breast cancer for

women in each increased category of alcohol con-
sumption were 0.8 (95 percent confidence interval (CI)
0.6-1.1), 0.7 (95 percent CI 0.5-1.1), and 0.7 (95 per-
cent CI 0.5-1.1), respectively.

We further examined the separate effects of wine,
beer, and spirits on the risk of breast cancer (table 5).
In both cohorts, there were no clear patterns of either a
protective or adverse effect for wine, beer, or spirits
consumption. When the two cohorts were combined,
the risk of breast cancer for spirits drinkers tended to
decrease with increasing number of drinks, but the
trend was of borderline statistical significance (p =
0.067).

To permit comparisons between these data and data
from other studies in which only baseline alcohol con-
sumption data are available, we also assessed the effect
of alcohol consumption at the baseline examination on
the risk of breast cancer. For total alcohol consump-
tion, multivariate-adjusted rate ratios for each
increased category of alcohol consumption were 1.0
(nondrinkers), 0.8 (95 percent CI 0.6-1.1), 0.8 (95 per-
cent CI 0.5-1.2), and 0.7 (95 percent CI 0.5-1.1),
respectively. In comparison with nondrinkers, the rate
ratios for wine drinkers who consumed <1, 1-2, and
>3 drinks per week were 0.9, 0.7, and 0.7, respective-
ly; for beer drinkers, 1.4, 1.3, and 1.0, respectively;
and for spirits drinkers, 0.7, 0.7, and 0.6, respectively.
Except for the highest category of spirits intake, all of
these point estimates included 1.0 in their 95 percent
confidence intervals.

DISCUSSION

The results from this prospective cohort study, based
on two generations of women, suggest that neither a
light-to-moderate level of alcohol consumption nor con-
sumption of any particular type of alcoholic beverage
increases the risk of breast cancer. Although the majori-
ty of epidemiologic studies have found that moderate-
to-heavy alcohol consumption is associated with an
increased risk of breast cancer (1, 25), the percentage of
women drinkers who average two or more alcoholic
beverage drinks per day is relatively small. According
to a 1990 national survey of drinking by American
adults, about 10 percent of female drinkers consumed
two or more alcoholic beverages daily (30). In the pres-
ent study, 12.1 percent of women in the Original Cohort
and 7.8 percent of women in the Offspring Cohort con-
sumed more than 26 g of alcohol (the equivalent of
about two drinks) per day. Considering that the majori-
ty of female drinkers consumed less than one drink of
an alcoholic beverage per day, a level consistent with
current US Department of Agriculture dietary guide-
lines (an average of no more than one drink per day),
our study provides valuable data on the effect of light
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co TABLE 1. Characteristics of women according to the status of Incident breast cancer In the Framlngham Original Cohort (1948-1993) and Offspring Cohort (1971-1993),
2 Framlngham, Massachusetts0.2. 19

CD
CO

Cases (n = 221)
Noncases (n •= 2,543)

Cases (n = 66)
Noncases (n = 2,218)

Cases (n= 221)
Noncases (n = 2,543)

Cases (n = 66)
Noncases (n = 2,218)

Mean age at
baseline examination

(years)

45.8 (8.4)$

46.7 (8.5)

42.1 (7.3)
36.7 (9.4)*

Education

<12 12
years years

31.5 36.1
41.4* 31.0

14.3 42.9
6.9 38.5

>12
years

32.4
27.5

42.9
54.6

Mean height at
baseline examination

(cm)

160(5.8)
159(6.3)

161 (5.6)
161 (6.1)

Parity

0 1

29.9 12.2
22.8 13.7

19.7 9.1
12.4 10.4

Mean BMIf at
baseline examination

(kg/m*)

Original Cohort

24.9 (4.3)
25.4 (4.6)

Offspring Cohort

24.3 (3.8)
24.3 (4.6)

% of women

Years of
estrogen use

2 None

Original Cohort

57.9 89.1
63.6 87.7

Offspring Cohort

71.2 84.9
77.2 81.7

<5

7.2
7.8

12.1
12.0

Mean age at
menarche

(years)

13.0(1.6)
12.9(1.6)

£5

3.6
4.5

3.0
6.2

Mean age
at menopause

(years)

48.8 (4.3)
48.0 (4.9)*

48.1 (6.1)
46.0 (6.6)*

No. of cigarettes smoked
per day at baseline

examination

None

58.4
59.0

43.8
40.4

<10 £10

15.8 25.8
14.7 26.3

9.4 46.9
12.0 47.6

Mean age at
first pregnancy

(years)

26.8 (5.2)
25.8(5.1)**

Physical activity Index
at baseline examination

26-29 30-32 £33

30.6 42.1 27.3
36.4 38.8 24.8

6.1 27.3 66.7
10.3 35.5 54.3

*p<0.05; **p<0.01.
t BMI, body mass index.
t Numbers in parentheses, standard deviation.
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TABLE 2. Characteristics of women In the Framingham Original Cohort according to average alcohol consumption during trie follow-up period, Framlngham,
Massachusetts, 1948-1993

Average alcohol
consumption

(g/day)

Mean age at
baseline examination

(years)

Mean height at
baseline examination

(cm)

Mean BMIf at
baseline examination

(kg/m2)

Mean age at
menopause

(years)

Mean age at
first pregnancy

(years)

Nondrinker (n = 633)
0.1-<5.0(n= 1,121)
5.0-<15(n = 518)
215(n = 492)

Nondrinker (n = 633)
0.1-<5.0(n= 1,121)
5.0-<15(n=518)
2:15 (n = 492)

<12
years

53.1
43.5
32.7
26.5

51.1 (8.1)*
46.1 (8.2)
44.7(8.1)
44.3 (8.1)**

Education

12
years

24.4
33.0
35.1
32.8

>12
years

22.5
23.5
32.2
40.6*

0

26.4
22.9
22.4
21.3

158(5.8)
159(6.1)
160(6.6)
161 (6.1)**

Parity

1

13.0
14.5
12.7
13.0

22

60.6
62.6
64.9
65.6

None

94.5
87.2
85.3
83.5

27.0 (5.6)
25.5 (4.4)
24.5 (4.0)
23.7 (3.6)**

% of women

Years of
estrogen use

<5

4.4
8.2
8.9
9.8

25

1.1
4.6
5.8
6.7*

48.0 (4.6)
48.0 (5.0)
48.1 (5.0)
48.3 (5.0)

No. of cigarettes smoked
per day at baseline

examination

None <10 £10

77.9 8.9 13.3
63.3 14.7 22.0
50.0 19.1 30.9
34.4 17.9 47.8*

25.3 (5.0)
25.9 (5.2)
26.4(5.1)
26.0 (4.8)*"i

Physical activity Index
at baseline examination

26-29

43.3
34.9
32.7
33.3

30-32

37.2
39.2
40.0
40.0

;>33

19.5
25.9
27.3
26.8*

(O
00

N

CD

CO

CD

CD

•p<0.05; **p<0.01.
t BMI, body mass index.
t Numbers In parentheses, standard deviation.

TABLE 3. Characteristics of women In the Framlngham Offspring Cohort according to average alcohol consumption during the follow-up period, Framlngham,
Massachusetts, 1971-1993

3

dem
io

)l. 149, N
o.

2. 1999

Average alcohol
consumption

(g/day)

Nondrinker{n= 202)
0.1-<5.0(n = 954)
5.0-<15(n = 701)
2:15 (n = 427)

Nondrinker (n = 202)
0.1-<5.0 (n = 954)
5.0-<15(n=701)
2:15 (n = 427)

Mean age at
baseline examination

(years)

years

12.7
6.5
6.0
7.8

38.0 (9.8)t
36.7 (9.4)
36.4 (9.6)
37.7 (8.8)*

Education

12
years

44.0
42.9
34.8
33.2

•p<0.05; * * p < 0 . 0 1 .
t BMI, body mass Index.
t Numbers In parentheses, standard deviation

years

43.0
50.6
59.2
59.0**

0

8.4
10.2
14.8
16.4

Mean height at
baseline examination

(cm)

160(6.1)
160(6.4)
161 (6.1)
161 (5.6)**

Parity

1

9.4
11.7
9.1
9.6

22

82.2
78.1
76.0
74.0**

Mean BMIf at
baseline examination

(kg/m2)

0

82.7
81.9
81.0
82.7

25.1 (5.9)
24.9(5.1)
23.5 (3.7)
23.7 (3.9)**

% of women

Years of
estrogen use

<5

14.1
11.7
12.1
11.5

£5

3.0
6.4
6.9
5.9

Mean age at
menarche

(years)

12.9(1.7)
12.8(1.5)
13.0(1.6)
12.9(1.6)

No. of cigarettes smoked
per day at baseline

examination

0 <10 £10

60.4 4.5 35.2
46.5 11.1 42.4
38.0 14.6 47.4
21.8 12.8 65.5**

Mean age at
menopause

(years)

45.7 (6.8)
46.4 (6.5)
45.8 (6.7)
46.3 (6.6)

Physical activity Index
at baseline examination

26-29

8.8
9.6

10.2
12.1

30-32 £33

32.0 59.2
39.3 51.1
32.2 57.7
33.2 54.7
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TABLE 4. Relation of average alcohol consumption to the
risk of breast cancer in the Framingham Original Cohort
(1948-1993) and Offspring Cohort (1971-1993), Framingham,
Massachusetts

Average
alcohol

consumption
(g/day)

No. of
women

with
breast
cancer

Incidence
rate

(per 1,000
person-
years)

Age-
adjusted

rate
ratio

Murttvariate-
adjusted

rate
ratio*

Nond linker
0.1-<5.0
5.0-<15
£15.0

Nond linker
0.1^5.0
5.0-<15
£15.0

Nond linker
0.1-<5.0
5.0-<15
£15.0

58
88
39
36

11
22
16
17

Original Cohort

3.60 1.0
2.47 0.9
2.30 0.8
2.33 0.8

Offspring Cohort

3.07
1.26
1.24
2.22

1.0
0.6
0.7
0.9

Both cohorts combined

69
110
55
53

3.50
2.07
1.85
2.30

1.0
0.8
0.8
0.8

1.0
0.9 (0.6-1.2)t
0.7(0.5-1.1)
0.7(0.5-1.1)

1.0
0.7(0.3-1.4)
0.7 (0.3-1.6)
1.0(0.4-2.2)

1.0
0.8(0.6-1.1)
0.7(0.5-1.1)
0.7(0.5-1.1)

• The rate ratios were adjusted for education, height, body mass
index, physical activity index, age at first pregnancy (Original Cohort
only), parity, age at menarche (Offspring Cohort only), age at
menopause, average number of cigarettes smoked, and post-
menopausal estrogen use.

t Numbers In parentheses, 95% confidence interval.

drinking on the risk of breast cancer, where some con-
troversy remains. While no increase in breast cancer
was observed among the women in the highest category
of alcohol consumption in the present study, it should
be noted that there were very few heavy drinkers in this
study. Of the women who reported the intake of >15 g
of alcohol per day, the median intake was 24 g (about
two drinks per day). Our study does not have adequate
power to examine the relation of heavy alcohol con-
sumption to the risk of breast cancer.

Many studies have also evaluated the effects of dif-
ferent types of alcoholic beverages on the risk of breast
cancer. Several investigators have hypothesized that
the relation of different types of alcoholic beverages to
the risk of breast cancer may differ because of various
chemical compounds contained in different beverages,
such as phenolic compounds, including antioxidants,
in wine and estrogenic substances in beer and spirits
(31-33). To date, no particular alcoholic beverage has
been implicated consistently (1, 25). In the present
study, we did not find that light-to-moderate intakes of
any particular type of alcoholic beverage were associ-
ated with an increased risk of breast cancer.

While the number of breast cancer cases in our study
is not large, several characteristics of this study are

TABLE 5. Relation of wine, beer, and spirits consumption to
the risk of breast cancer among women In the Framingham
Original Cohort (1948-1993) and Offspring Cohort (1971-1993),
Framingham, Massachusetts

Type

9(drinks/week)

Wine
None
0.1-<1.0
1.0-^:3.0
£3

Beer
None
0.1-<1.0
1.0-<:3.0
£3

Spirits
None
0.1-<1.0
1.0-<3.0

Wine
None
0.1-<1.0
1.0-<3.0
£3

Beer
None
0.1-<1.0
1.0-:3.0
2:3

Spirits
None
0.1-c1.0
1.0-<3.0

Wine
None
0.1-c1.0
1.0-<3.0
£3

Beer
None
0.1-<1.0
1.0-<3.0
£3

Spirits
None
0.1-<1.0
1.0-<3.0

N o o f
incidence Muttivariate-

adjusted
rate ratio'

Original Cohort

105
78
15
23

150
55
9
7

76
73
27
45

3.38
2.24
1.54
2.73

2.85
2.28
2.47
1.93

3.41
2.32
2.17
2.52

Offspring Cohort

27
13
16
10

45
9
9
3

16
13
19
18

h cohort

132
91
31
33

195
64
18
10

92
86
46
63

2.57
1.00
1.52
1.38

1.68
1.07
2.03
1.58

2.05
0.75
2.03
2.51

s combined

3.20
1.90
1.53
2.02

2.47
1.97
2.23
1.63

3.06
1.76
2.11
2.52

1.0
0.9 (0.6-1.4)t
0.7 (0.3-1.7)
1.0 (0.7-1.5)

1.0
1.0(0.7-1.4)
0.7 (0.3-1.6)
1.0(0.4-2.6)

1.0
0.8 (0.5-1.4)
0.9 (0.4-1.9)
0.7 (0.5-1.0)

1.0
1.0(0.5-2.1)
0.7 (0.4-1.4)
0.7 (0.3-1.5)

1.0
1.6 (0.7-3.6)
1.2(0.6-2.6)
0.9 (0.3-3.1)

1.0
0.9 (0.4-2.0)
0.8 (0.4-1.7)
1.1 (0.5-2.4)

1.0
0.9(0.6-1.3)
0.7 (0.4-1.3)
1.0(0.7-1.3)

1.0
1.1 (0.8-1.5)
1.0(0.5-1.7)
1.0 (0.5-2.2)

1.0
0.8(0.5-1.2)
0.7(0.5-1.3)
0.7 (0.5-1.0)

• The rate ratios were adjusted for education, height, body mass
index, physical activity index, age at first pregnancy (Original Cohort
only), parity, age at menarche (Offspring Cohort only), age at
menopause, average number of cigarettes smoked, post-
menopausal estrogen use, and intake of other alcoholic beverages.

t Numbers in parentheses, 95% confidence interval.
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noteworthy. The data are from population-based
cohorts of women followed over a long period of time,
permitting an assessment of potential alcohol effects
that may require many years to appear. The estimates
of average alcohol consumption were derived from
multiple examinations for the large majority of
women. It should be pointed out that the questions
used to assess alcohol consumption in the Original
Cohort after examination 7 were changed from number
of drinks per month to number of drinks per week; this
may have led to some underreporting of the absolute
number of drinks consumed in the two early examina-
tions. However, we found that the repeated assess-
ments of alcohol consumption over the follow-up peri-
od were quite stable, and the risk estimates based on
alcohol consumption at the baseline examination were
very similar to those obtained when the average intake
over the follow-up was considered, suggesting reason-
able accuracy of the exposure assessment. Almost all
cases of breast cancer were confirmed by histologic
reports, and the rate of breast cancer occurrence in the
Framingham Study is similar to that in the
Surveillance, Epidemiology, and End Results Program
(26). Thus, we believe that virtually all clinically
detected incident cases of breast cancer were ascer-
tained. Information on age at menarche in the Original
Cohort, on age at first pregnancy in the Offspring
Cohort, and on family history of breast cancer in both
cohorts was not collected in the study, and we were
unable to assess the potential confounding effects for
these variables. However, the relation of alcohol intake
and type of alcoholic beverage consumed to the risk of
breast cancer was not changed in either cohort when
age at first pregnancy in the Original Cohort or age at
menarche in the Offspring Cohort was added in the
analyses. Nevertheless, a potential residual confound-
ing effect due to unadjusted confounders is still a pos-
sibility, and this must be considered in interpreting
these findings.

The biologic mechanisms linking alcohol consump-
tion to the risk of breast cancer are not fully under-
stood. Investigators have proposed that alcohol con-
sumption increases the risk of breast cancer among
women by influencing estrogen metabolism. Recently,
Ginsburg et al. (34) reported that alcohol ingestion led
to a threefold increase in circulating estradiol in
women on estrogen replacement therapy but that it had
no effect in women who did not take postmenopausal
estrogen. However, the amount of alcohol given in that
study was large, the equivalent of approximately four
drinks, and it was consumed in a fasting state. Data are
not available on the effects of blood estrogen levels of
women on hormone replacement therapy who con-
sume smaller amounts of alcohol (i.e., up to one drink

per day) in a more normal drinking pattern. To exam-
ine if women who drank alcohol and also took post-
menopausal estrogens were at an increased risk, we
stratified the women into two groups according to their
estrogen use during the study period and found no dif-
ferences between estrogen users and nonusers in the
relation of alcohol to the risk of breast cancer. When
drinkers were compared with nondrinkers, the rate
ratios of breast cancer for each increased category of
alcohol consumption were 0.6, 0.7, and 0.4 among
estrogen users and 0.8, 0.7, and 0.8 among nonusers,
respectively.

In summary, this prospective, population-based
study among two generations of Framingham women
shows that the right consumption of alcohol or of any
type of alcoholic beverage is not associated with an
increase in the risk of breast cancer.
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