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We studied the relation between alcohol consumption and
breast cancer among women in the Framingham Heart
Study cchort. A total of 2,636 women aged 31-64 years
provided information on aicohol consumption at the sec-
ond biennial examination. They were followed for up to 32
years; during this period, breast cancer was diagnosed in
143 of these women. Alcohol intake was also assessed at 10
and 20 years of follow-up and every 2 years thereafter. In
analyses using only baseline alcohol intake, the multiple risk
factor-adjusted relative risk (RR) estimate of breast cancer
for any drinking, compared with nondrinking, was 0.8 [95%
confidence interval (CI), 0.5-1.1]. For three levels of alco-
hol intake (0.1-1.4 g/day, 1.5-4.9 g/day, and =5.0 g/day),
the baseline analyses yielded RRs (vs. nondrinking) of 1.0
(C1, 0.6-1.5), 0.7 (CI, 0.4-1.1), and 0.6 (CIL, 0.4-1.0), re-
spectively. In analyses incorporating repeated measures of
alcohol, the comparable RRs were 0.9 (Cl, 6.6-1.2) for any
drinking (vs. nondrinking) and 0.7 (CI, 0.4-1.4), 1.1 (CI,
0.7-1.8), and 0.8 (CI, 0.5-1.2), respectively, for the three
fevels of intake (vs. nondrinking). Alcohol consumption was
not associated with an increased risk of breast cancer in this
cohort. [J Natl Cancer Inst 1989;81:31-35]

The reported association between moderate consumption
of alcohol and breast cancer in women has attracted consid-
erable attention. The majority of case-control studies (/1-12)
and all five cohort studies to date on this issue (/3-17) have
shown a direct alcohol-breast cancer relation, with relative
risks (RRs) in the range of 1.5-2.0. Since reported alcohol
consumption in cobort studies is not influenced by subse-
quent disease, the consistency of findings from these stud-
ies has been especially compelling. An alcohol-breast cancer
link is biologically plausible, although precise pathobiologic
mechanisms are speculative at present (/2,15). Given the
large proportion of women who consume alcoholic bever-
ages (I8), even a small elevation in risk has major public
health implications.

We report here results from an investigation of the rela-
tion between alcohol consumption and breast cancer in the
longitudinal Framingham Heart Study.
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Methods
The Cohort

The Framingham Heart Study, an ongoing population-
based cohort study of risk factors for cardiovascular disease,
was initiated in 1948 (/9). The original cohort consisted of
2,873 women (with 2,336 men), aged 29-62 years at the first
examination. Biennial examinations consisted of a medical
history, a physical examination, and a series of laboratory
tests. Only 3% of the cohort was lost to follow-up over 32
years of observation.

Measurement of Alcobol Intake and Other Covariates

Alcoholic beverage consumption was assessed by a physi-
cian during the medical history interview at examinations
2, 7 (10 yr after examination 2), and 12 (20 yr after ex-
amination 2) and at each subsequent biennial examination.
At examinations 2 and 7, women were asked how many
2-ounce cocktails, 8-ounce glasses (or cans) of beer, and
4-ounce glasses of wine they consumed in a month. Because
of changes over time in standard sizes of containers, women
were queried at examination 12 and subsequent examina-
tions about the number of 1%-ounce cocktails, 12-ounce
glasses (or cans) of beer, and S-ounce glasses of wine they
consumed in a week. These data were converted into to-
tal and beverage-specific grams of ethanol consumed daily.
This conversion took into account a small decline over the
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follow-up period in the average ethanol content of wine (re-
flecting in part a shift from fortified to unfortified wines) and
distilled spirits (20).

Information on education, parity, and cigarette smoking
was available at examination 1. Weight and height were
assessed at examination 2. Menopausal status (which could
have changed over the course of follow-up) was determined
at each biennial examination.

Identification of Cases

All cohort records with any mention of cancer were re-
viewed in detail. After examination 2, 151 cases of breast
cancer (International Classification of Diseases for Oncology
code 174) had occurred. All cases were confirmed histolog-
ically, with the exception of two cases that were diagnosed
on the basis of clinical criteria.

Population for Analysis

Twenty-one women with breast cancer diagnosed at some
time in their lives prior to examination 2 were not consid-
ered in the analyses. In a total of 216 subjects (including eight
women who subsequently developed breast cancer), informa-
tion on alcohol consumption was missing at examination 2;
these women were excluded from those analyses that con-
sidered this examination as baseline.

The analytic cohort for analyses using examination 2 as
baseline consisted of 2,636 women, among whom 143 were
diagnosed with breast cancer. The median follow-up for this
group of women was 26.years.

Analytic Procedures

We calculated the crude incidence rates for a specific
category of alcohol intake by dividing the number of breast
cancer cases occurring in that category by the total number
of person-years contributed by all women in that category.
The number of person-years contributed by an individual
woman was calculated from the baseline examination for a
given analysis to the date of breast cancer diagnosis, death, or
examination 18, whichever came first. (Information on end
points was not available after examination 18.) Age-adjusted
incidence rates were calculated by the direct method (21),
with the age distribution of the analytic cohort used as the
standard.

We used Cox’s proportional hazards regression (22) to
evaluate the simultaneous relationship of alcohol intake, age,
and other variables to the incidence of breast cancer in the
cohort. These analyses were carried out with the PROC
PHGLM procedure available in the SAS statistical package.
The proportionality assumption for breast cancer hazards
was confirmed graphically and with the Z:PH test statistic
in the PROC PHGLM SAS procedure (23).

To take into account serial measures of alcohol consump-
tion and menopausal status, we carried out proportional haz-
ards analyses with time-dependent covariates, using software
written by one of the authors (S. B. Green) for the DEC
System-10 computer. This procedure linked the most recent
value for each of these variables to breast cancer risk. In
these time-dependent covariate analyses, the total number of
subjects providing alcohol consumption data at one or more

of the examinations was 2,784, among whom 147 had breast
cancer (10 premenopausal women and 137 postmenopausal
women at the time of diagnosis).

Results

At examination 2, 27% of the women in the analytic cohort
were <40 years of age, and 21% were =55 years old (with
a maximum age of 64 yr). Forty percent of these women did
not graduate from high school, 28% received some formal
education beyond high school, and only 9% graduated from
college.

Table 1 shows the distribution of reported alcohol con-
sumption in the cohort at baseline and at 10, 20, and 26
years of follow-up. Alcohol intake increased through exami-
nation 12 and then dropped off somewhat. The proportion of
women who drank =5 g of ethanol daily (equivalent to about
three drinks/wk) increased from 26% to 36% at 20 years of
follow-up and then dropped to 30% 6 years later. At base-
line, only 13% of the cohort reported consuming one or more
drinks per day, a figure that increased to 22% at 20 years and
declined to 17% at 26 years of observation. The same gen-
eral pattern occurred when alcohol consumption over time
was examined in only those women (n = 1,573) who were
alive and provided alcohol information at examination 15.

The data in table 2 indicate the relationship at baseline
between alcohol consumption and several demographic, re-
productive, and behavioral factors. The frequency of drinking
=5 g of ethanol daily was higher among women who were
younger, more educated, leaner, and taller and who smoked
more. Alcohol consumption was not associated with parity
or menopausal status in this group.

The overall age-adjusted breast cancer incidence rate in
this Massachusetts cohort was similar to that observed for
the population in the nearby State of Connecticut. The
ratio of observed-to-expected cases (based on age-, sex-,
and race-adjusted incidence rates from the Connecticut
Tumor Registry) was 0.97 [95% confidence interval (CI),
0.82-1.15}.

Table 1. Distribution of alcohol consumption over time*

Examination No.

2 7 12 15
Total No. of women 2,636 2,373 1,867 1,573
Mean ethanol (g/day)t 5.67 8.23 8.61 7.0
% within specified alcohol
categoryt
Nondrinking 41 36 34 50
0.1-4.9 g/day 33 31 31 21
=5.0 g/day 26 33 36 30
5.0-14.9 g/day 13 13 14 13
=15.0 g/day 13 20 22 17
e i

*Distribution over time was similar when only those with alcohol in-
formation at examination 15 (n == 1,573) are analyzed.

+25.0 g/day is approximately equal to three or more drinks/wk; =150
g/day is approximately equal to one or more drinks/day.

+Sums differ from 100% due to rounding error.
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Table 2. Relation of alcoho! consumption and potential breast cancer
risk factors*

Risk factor % drinking (=5.0 g/day)t

Age (yn)
=38 32
39-44 32
45-50 25
51-55 20
=56 18
Education (yr)
<8 21
9-11 20
12 27
13-15 (some college) 33
=16 (graduated from college) 38
Parity
0 26
t 24
2 29
3 29
=4 24
Menopausal status
Premenopausal 29
Postmenopausal 28
Smoking (cigarettes/day)
0 17
1-9 34
10-19 44
=20 44
Body mass index (kg/m?)
=217 32
21.8-23.6 31
237-25.6 29
25.7-28.7 20
=>28.8 19
Height (inches)
<60.4 21
60.5-61.9 25
62.0-63.0 24
63.1-64.7 28
=64.8 35

*These are baseline characteristics.

tEach number is the total person-time contributed by drinkers within a
given risk factor category as a percentage of the total amount of person-
time contributed by all women (drinkers + nondrinkers) within that risk
factor category. All percentages, except those for age, have been age-
adjusted by the direct method (27), according to the distribution of age-
specific person-times in the analytic cohort,

RRs for breast cancer in relation to several potential risk
factors for breast cancer are displayed in table 3. Increas-
ing age was a strong risk factor in this data set (test for
trend, P < .0001). Parity was inversely related to breast
cancer, with nulliparous women at approximately two and
one-half times the risk of women with four or more live
births (test for trend, P = .002). Premenopausal status (com-
pared with postmenopausal status) at baseline was associ-
ated with an age-adjusted excess in breast cancer risk. In
the time-dependent covariate analyses that took into account
changes in menopausal status over the follow-up period,
menopausal status at the time of diagnosis was not associated
with breast cancer (though only 10 cases occurred among
premenopausal women); in addition, age at menopause (<50
yr vs. =50 yr or <45 yr vs, =45 yr) was not associated with
breast cancer. For all women combined, we found a small

5

Vol. 81, No. 1, January 4, 1989

inverse (and nonsignificant) association between body mass
index and breast cancer risk (test for trend, P = .19). Neither
education, height, nor smoking (each assessed at baseline)
was associated with subsequent breast cancer development.

Table 4 shows age-adjusted breast cancer incidence rates
by level of alcohol consumption. A small inverse associa-
tion between alcohol consumption and breast cancer was
observed in these rates. _

Age-adjusted and multiple risk factor-adjusted RRs for
alcohol consumption in relation to breast cancer are pre-
sented in table 5. In both the age-adjusted and multiple
risk factor-adjusted analyses using baseline data, there was a
small inverse trend in breast cancer risk in relation to alcohol.
There was no consistent association in both the age-adjusted

Table 3. RRs for potential breast cancer risk factors*

Risk factor No. of RR} 95% CI
casest
Age (yr)
<38 27 1.0)
39-44 31 L5 09-75
45-50 31 22 1.3-39
51-55 26 35 1.7-72
=56 28 43 2.3-90
Parity
0 50 24 14-40
i 18 1.3 0.7-25
2 29 1.6 09-2.8
3 24 L5 0.8-2.6
=>4 20 1.0
Menopausal status
Premenopausal§ 74 1.8 1.1-3.1
Postmenopausal 67 (1.0)
Education (yr)
=8 31 1.0
9-11 12 0.8 0.4-1.5
12 57 1.6 1.0-2.5
13-15 30 1.2 0.7-2.0
=16 11 09 04-1.8
Body mass index (kg/mz)
=21.7 33 (1.0)
21.8-23.6 29 0.9 05-14
23.7-25.6 30 0.7 04-1.2
25.7-28.7 30 0.8 05-1.4
=>28.8 21 0.6 04-1.1
Height (inches)
=604 22 (1.0)
60.5-61.9 32 1.3 0.7-2.3
62-63 33 1.1 0.7-2.0
63.1-64.7 29 1.1 0.6-2.0
=64.8 27 1.0 0.5-1.7
Smoking (cigarettes/day)
0 89 (1.0)
1-9 20 1.0 0.6-1.6
10-19 17 1.1 0.7-2.0
=20 17 1.0 0.6-1.7

*Risk factor values here were determined at baseline. RR estimates were
derived from multivariate proportional hazards medels including all of these
risk factors and alcohol.

tFor some of the risk factors, the total number of cases is <143 because
of missing risk factor data..

¥ Values in parentheses indicate reference group.

§In the time-dependent covariate analyses, there was no association
between menopausal status and breast cancer (but there were only 10 cases
among premenopausal women).
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Table 4, Age-adjusted breast cancer incidence rates by level of
alcohol intake

Alcohol No. of Person-vears No. of  Age-adjusted
intake* women ¥ cases ratet
None 1,077 27,619 66 230
Any 1,559 41,709 77 190
0.1-1.4 (g/day) 493 12,970 31 240
1.5-4.9 (g/day) 372 10,220 17 170
=5.0 (g/day) 694 18,519 29 160

* Alcohol intake was assessed at examination 2.

TPer 100,000 population. Crude rates were initially calculated by divid-
ing the number of cases by the number of person-years within each cate-
gory of alcohol intake. Rates were age-adjusted by the direct method (21).

and multiple risk factor-adjusted, time-dependent covariate
analyses. No alcohol-breast cancer association was found in
similar analyses that considered alcohol per kilogram of body
weight.

There was no excess risk of breast cancer among those
women copsuming 15 g (approximately one drink) per day
(13 cases for alcohol assessed at examination 2 and 19 cases
in the time-dependent covariate analyses). The RR estimate
in the time-dependent covariate analysis for consumption of
15 g per day, relative to nondrinking, was 0.7 (CI, 0.4-1.2).

Table 5. RRs for breast cancer according to level of alcohol intake

Muitiple risk

_adi *
Age-adjusted factor-adjusted t

Alcohol
level
No.of pps osgcr No-of Rpi 9sg 1
cases cases
Baseline models

None 66 1.0 66 (1.0)

Any 77 0.8 0.6-1.2 77 0.8 0.5-1.1
0.1-1.4 (g/day) 31 1.1 0.7-1.6 31 1.0 0.6-1.5
1.5-49 (g/day) 17 07 04-12 17 07 04-1.1
>5.0 (g/day) 29 07 0511 29 06 04-10

P for trend 08 03

. Multiple risk
Age-adjusted§ N
Alcohol factor-adjusted
level
No.of ppt 9sec1 No-of ppi 9sq cr
cases cases
Time-dependent covariate models
None 64 1.0 63 (1.0)
Any 83 09 0.7-13 78 09 06-12

0.1-1.4 (g/day) 13 08 04-14 . 12 067 04-14
1.5-4.9 (g/day) 32 1.2 08-18 31 1.1 07-18
25.0 (g/day) 38 09 06-13 35 08 05-12

P for trend 71 41

* Model included alcohol and age.

+Model included variables for age, education, menopausal status, parity,
body mass index, height, and smoking. Indicator terms for missing covariate
data were used.

¥ Values in parentheses indicate reference group.

§ Alcohol was included as a time-dependent covariate.

9 Alcohol and menopausal status were included as time-dependent covar-
iates. Model also included variables for age, parity, and body mass index.
The number of cases adds up to only 141, since indicator terms for missing
covariate data were not used.

Analyses confined to the first 10 years of follow-up after
examination 2 yielded an RR estimate for any drinking,
compared with nondrinking, of 0.6 (CI, 0.3-1.2), but these
analyses were based on only 34 cases.

We carried out analyses that simultaneously included in-
dicator terms for the different types of beverages (beer, wine,

and cocktails) (/6) assessed at one examination (examina-

tion 2) or at repeated examinations. There was no significant
association between any of the beverage types and breast
cancer. The RR estimates from the time-dependent covari-
ate analyses for any cocktails, any beer, and any wine (ref-
erence for each beverage type being nonconsumption of that
beverage) were 0.8 (CI, 0.7-1.2), 1.3 (CI, 0.8-2.1), and 0.9
(CI, 0.6-1.3), respectively.

To determine if there might be an association between al-
cohol and breast cancer confined to women with specific
risk factor characteristics, we calculated score statistics for
two-way interactions in the Cox model between alcohol and
other variables. We also carried out analyses within baseline
strata of each of several potential breast cancer risk factors.
The data suggested that alcohol was associated with a de-
crease in risk among women who were postmenopausal at
baseline, but not in women who were premenopausal. The
P values associated with the corresponding multiplicative in-
teraction terms were .01 (alcohol modeled as a linear trend
variable across four categorics) and .16 (alcohol modeled
as a yes/no variable). In an analysis restricted to women
who were postmenopausal at baseline, the RR for any drink-
ing, compared with nondrinking, was 0.6 (Cl, 0.4-1.0); no
alcohol-breast cancer association was evident among pre-
menopausal women. There was no suggestion of modifica-
tion effect for any of the other risk factors, including age,
body mass index, education, and parity.

Discussion

Alcohol consumption was not associated with an increased
risk of breast cancer in this Framingham Heart Study cohort.
Given that previous cohort studies have shown a direct as-
sociation, possible biases in this study need to be considered.

Alcohol consumption is undoubtedly measured with some
error. Although misclassification of an exposure variable (al-
cohol) can reduce a positive RR toward 1.0 (no association)
(24), this is not a likely explanation for the findings here.
Willett et al. (/6) showed that alcohol consumption, in con-
trast to the intake of a variety of nutrients, is assessed with a
high degree of validity. There is no reason to belicve that the
assessment of alcohol intake in the Framingham Heart Study
was qualitatively inferior to the determinations made in the
other published cohort studies that did find an alcohol-breast
cancer association. Moreover, earlier analyses of data from
the Framingham Heart Study have shown the expected di-
rect relationships between reported alcohol intake and other
physiological parameters, including blood pressure (25) and
serum high-density lipoprotein-cholesterol (26).

One feature of this study that distinguishes it from the other
cohort studies of alcohol and breast cancer is the extremely
long follow-up. It could be argued that after the death of a
substantial proportion of the original cohort, the remaining
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women would tend to be “resistant survivors.” However,
there was no alcohol-breast cancer association in analyses
confined to the first 10 years of follow-up, though these
analyses had limited power.

Information on age at first full-term pregnancy was not
available, but the inverse parity-breast cancer association
may have partially captured the expected association of age
at first live birth with breast cancer risk. Since data on age
at menarche, history of benign breast discase, family history
of breast cancer, and diet were not available, multivariate
adjustments for these potentially confounding factors could
not be done. In other published cohort studies, however,
controlling for these factors did not materially affect the
observed alcohol-breast cancer associations (/14-16).

It has been suggested that drinking during a woman’s early,
as opposed to later, life might enhance breast carcinogen-
esis (/2). If so, then one would expect the alcohol-breast
cancer association to be diminished in a cohort of older
women, since drinking early in life would be reflected less
accurately in reports of current alcohol consumption from
older compared with younger women. However, when the
women in the Framingham Heart Study reported their alco-
hol intake for the baseline analyses, they were not substan-
tially older than women in those cohorts showing the direct
alcohol-breast cancer association (/4-17). Moreover, while
other studies have shown a stronger relation between alco-
hol and breast cancer among younger, as opposed to older,
women (/5,16), analyses restricted to younger women in the
Framingham Heart Study revealed no direct alcohol-breast
cancer association.

We found no alcohol-breast cancer association for con-
sumption of one or more drinks per day. Since a relatively
small proportion of women in this cohort consumed more
than one drink per day, we could not rule out an excess breast
cancer risk among these more heavily drinking women.

In summary, there is no readily apparent source of bias to
explain the discrepancy in findings (at least for one drink/day
or less) between this study and previously published cohort
studies on alcohol and breast cancer.

Results from any one study should be considered in con-
text. A recent meta-analysis of all published studies on this
issue showed a positive association between alcohol con-
sumption and breast cancer (27). That overall conclusion
held even after inclusion of the findings from the present
study (Longnecker M: personal communication). Clearly, the
alcohol-breast cancer question should be pursued further,
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