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Introduction

In addition, many experts have be
lievedthata diethigh in animalfatsand
Since the late 1940s, breast cancer has
perhaps dairy products or a diet low in
been the leading cause of cancer death
fiber is associated with an elevated risk of
among American women. It is estimated
breast cancer.23-29 For many reasons, epi
that in 1982, 37,000 deaths from this dis
demiologic confirmation of this hypothesis
ease will be recorded, and that 112,000
has been difficult to obtain.'0
new cases will be diagnosed.'
More recently, several heretofore un
The epidemiology of breast cancer has
recognized associations between certain
been the subject of investigation since be
factors and breast cancer development
fore the 1930s,2 and studies have prolif
have been uncovered and await further
erated since the 1960s. By the end of 1979.
confirmation. These include alcohol con
close to 400 articles had been written on
sumption, long-term estrogen replacement
the subject, including a number of com
therapy, tonsillectomy, and abortion dur
prehensive reviews. 3-6This massive amount
ing first trimester of pregnancy.3-37 Con
of investigation has established a number
troversy still surrounds the estimates of the
of widely accepted risk factors for this dis
risk of breast cancer related to long-term
ease, which have been documented with
use of oral contraceptives, hair dyes, and
a fair degree of consistency. These include
some antihypertensive medication. â€œ¿S-s'
a family history of breast cancer; nullip
The variety of factors and multitude
arity; late age at first live birth; early age
of possible combinations
make it ex
at menarche; late age at menopause; his
tremely difficult to identify specific factors
tory of benign breast disease; high socio
that predict the development of this disease
economic status; high-dose radiation ex
in individuals. For example. most of the
posure; and being single, Jewish, or
identified risk factors can be indicated in
obese 3-22
a number of different forms or combina
tions: being single as a reflection of nul
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Nonattributable
Risk

Materials and Methods
We undertook an analysis of the contri
bution each common risk factor made to
the total risk experienced by more than
570,000 white American women enrolled
in the American Cancer Society's large
scale prospective study begun in 1959.
Study enrollment was made according
to â€˜¿@households.â€•
Participation
was re
stricted to persons 30 years old or older
who lived in a household in which at least
one person 45 or older was also enrolled
in the study. Participants completed a base
line questionnaire between October 1959
and February 1960. In addition to demo
graphic questions. questions were asked
pertaining to occupation. dietary habits,
medical and family histories, breast dis
ease. operations. parity, and lactation ex
periences. (For a more detailed description
of the questions asked on the original ques
tionnaire. see reference 61.)
Follow-up information was obtained
from nearly all subjects (more than 98 per
cent of the subjects enrolled were traced
for 12 years). Supplementary data were
collected from questionnaires
mailed to
women in 1961. 1963. 1965. and 1972.
These included information on whether
they had had a breast operation during the
intervening years and the reason for and
date of operation. Many analyses of these
data have been published.'4 â€œ¿â€˜â€œ@
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A total of 571 .716 white women aged
30 and over were enrolled in the study and
followed for six years. Of this group.
9.429 reported breast cancer at entry and
are excluded. The current analysis is fur
ther restricted to 365.812 white women
aged 30 to 84. or 64 percent of those orig
inally enrolled. Because women aged 85
yearsorolderrepresented
only0.7percent
of the total women, and because their con
tribution to the rates of breast cancer was
minimal, they were dropped from the cal
culations. Also excluded from the sample
were women for which any of the follow
ing conditions obtained:
â€¢¿
positive history of breast cancer prior to
entry into study
â€¢¿
heightor weightdatamissing
â€¢¿
lossof 10ormore poundsduringtheyear
priortostudyentry
â€¢¿
alcoholic beverage information omitted
â€¢¿
insufficient data provided on menarche
or childbirth histories
â€¢¿
religion,
education,
or marital
status
not
stated
â€¢¿
menopause
information
missing for
women 50 yearsoldor older
â€¢¿
history of a surgical menopause.
Of the studygroup.a totalof 3.130
new cases of breast cancer were reported
forthe women duringthe six-year
study
period: 14 percent of these were deter
mined through death certificates only.
The women weregroupedintofiveage
categories
foranalyses:
30 to44.45 to54.
55 to 64. 65 to 74. and 75 to 84. The data

were collapsedintotwo groups(30 to 54
and 55 to 84) forpresentation
of results
becauseof thewell-knowndifferential
in
riskforpremenopausaland postmenopau
sal women.â€•@â€•9
Incidence rates were stan
dardized for age to the distribution of
the total study group within the age inter
vals 30 to 54 and 55 to 84. Frequencies of
cancer in various risk indicator groups were
computed directly.
The majority of the women (64 per
cent) were between the ages of 30 and 54.
withclosetotwo thirds
oftheseinthe45to-54 age group. (Because of the enroll
ment criteria, described above, there was
a large proportion of the population en
rolled at ages 45 to 49 compared with ages
CA-A CANCER JOURNAL FOR CLINICIANS
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difficult tasks faced by epidemiologists.
While epidemiologic studies continue
to be conducted and models and mecha
nisms of pathogenesis are being explored.
the fact remains that one out of 11 U.S.
women will develop breast cancer during
her lifetime.â€•0The magnitude of the prob
1cm with its psychological and clinical
ramifications makes it imperative that we
accelerate our efforts in developing prac
tical means of identifying high-risk women
and providing them with some assistance.
This paper will describe the proportion of
the total breast cancer burden carried by
high-risk women and alert clinicians to the
fact that even women without the â€œ¿ac
ceptedâ€• risk factors are at risk of devel
oping the disease.

Low Risk

Historyof breastcancerinmother
and/or sister

No history of breast cancer in
mother and/or sister

History of breast surgery for a
nonmalignant breast condition

No breast surgery

Jewish

Non-Jewish

Menopause atage 50 or older

Menopause before age 50

Menarche beforeage 12

Menarche at age 12 or older

Never

Ever married

married

First live birth at 30 years of age
or older, or no live birth

First live birth before age 30

College graduate *

Did not graduate from college

Daily alcohol consumption
(wine, beer, or hard liquor)

No daily alcohol consumption

Relative weight index 110 or more** *

Relative weight index less than 110
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High Risk

â€˜¿As
an indicator of benign breast aisease.
â€¢¿
â€˜¿As
an indicator of socioeconomic status.
â€¢¿@@@fined
as 10 percent or more above average weight for a given woman's
height and age.
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Results
Table 2 shows the number of women in
each of two broad age groups. 30 to 54
and 55 to 84. according to the number of
risk factors observed. More than 25 per
cent fell into the no-risk-factor category.
according to our definition. About two
thirds of the women had either one or two
risk factors, and the remainder had three
or more. The average number of risk fac
tors per woman in the younger group was
1.4 and in the older group was 1.3.
Table 2 shows the relative and attrib
utable risk for each group of women. The
relative risk (RR) is the ratio of the age
standardized
incidence rate in a given
group. divided by the incidence among the
group having no risk factors. As expected.
the RR increases with the number of risk
factors (one, two, three. and four or more):

304

the RR is higher in the older group than
in the younger group. because the specific
risk factors are different (see below).
The secondfiguregiveninTable2 is
the so-called attributable
risk percent.
AR%. the proportion of breast cancers
in the entire population that are asso
ciated with the given risk factors. It is
calculated as: AR% = @e(RR@ â€”¿1) Â±
Eve-(RR. â€”¿
I) + 11 X 100% where @e
is the proportion of that group â€œ¿exposedâ€•
to or possessing the risk factor. RR is the
relative risk for breast cancer in the group
being considered.
= specific subcate
gories of risk factors. and * = total of one
or more risk factors.

Despite our efforts to
determine risk factors for breast
cancer, we have not appreciably
increased our ability to identify
substantial numbers of truly
high-risk

women.

Thus. for example. the largest iden
tifiable contribution to the total breast can
cer incidence in women 55 to 84 years old
comes from women with exactly two risk
factors (10.4 percent of all breast cancers
in this age group). even though numeri
cally there are more women with only one
risk factor.
In the 30-to-54-year-old
women, the
largest attributable risk is 7.9 percent, also
in the two-risk-factor group. This means
that 7.9 percent of all breast cancers in 30to-54-year-old women can be identified or
attributed to the small group of women
(22.8 percent) who possess exactly two
risk factors (regardless of which factors
they are). It means as well that if all risk
factors were absent in this group of women,
the total number of breast cancers in the
30-to-54-year-old group might be reduced
by 7.9 percent.
Another interesting
interpretation
of
theAR isthat7.9percent
ofbreast
cancers
in the 35-to-54 age group would be pre
vemited if all the risk factors

in this small

group of double-risk-factor

women were
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40 to 44.) Among the women aged 55 to
84. the majority (63 percent) were between
the ages of 55 and 64.
Of the many risk factors known to be
related to the development of breast can
cer. 10 were chosen for the current anal
ysis. With the exception of alcohol con
sumption.
these are factors that most
investigators consider major predictors of
breast cancer risk. These factors were
treated as dichotomous variables: women
were classified as being in a high-risk or
low-risk group according to the presence
or absence of the risk factor (Table I).
A combination of dietary factors was
originally included in the risk factor anal
vses. but was discarded once it was shown
that the combination did not discriminate
well enough between groups. That is,
when high risk was defined using an index
composed of the regular consumption of
fried foods. eggs. meat. or poultry: use of
fat for cooking: and/or daily milk con
sumption. close to 70 percent of women
in both age groups fell into this risk cat
egory. and there was very little difference
in risk estimates between these women and
others.Other combinationsof dietaryin
formation yielded similar results. Thus. it
was decided not to consider diet as a risk
factor for this analysis.

Number
of
Women

Percent
of
Women

Cases of
Breast
Cancer

Annual
Incidence
(per iO@)

RR

AR
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Number
of Risk
Factors

Ages 30-54

None

68,024

29.1

387

12.

1.00

0.0

One

89,872

38.4

601

134.8

1.19

5.7

Two

53,248

22.8

423

163.0

1.44

7.9

Three

17,961

7.7

176

209.9

1.86

5.2

4,618

2.0

58

279.1

2.47

2.3

Total,
one or more

165,699

70.9

1,258

155.3

1.38

21.1

Total

233,723

100.0

1,645

142.8

Four or more

Ages 55-84

None

33,539

25.4

264

120.2

1.00

0.0

One

48,818

36.9

500

154.6

1.29

7.6

Two

32,715

24.8

419

191.6

1.59

10.4

Three

13,036

9.9

230

263.5

2.19

8.4

3,981

3.0

72

264.1

2.20

2.6

98,550

74.6

1,221

186.4

1.55

29.0

132,089

100.0

1,485

169.6

Four or more
Total,
one or more
Total

â€˜¿Adjustedby the direct

method

to age distribution

of total

study

women.

Key AR = Relative Risk
AR = Attributable Risk Percent

VOL 32. NO 5 SEPTEMBER/OCTOBER
1982

305

-

@1

i

I
I

â€˜¿It'l

.@

I

I

I

I
0

I

I

I

I

.1

I

i

-

@I
â€”¿I I

I
..@O

L.

@LT

I

I

I

I

L.

â€˜¿.

I
I
I

I

.s@

t@p
4Z

I.@

g@.

4..-@

2I@
Z'@c'i.-CN

CNCO

1@@â€œCO

C')L@)

tOâ€˜

a

40

0

C')tO

tO0

to

C

tc')

v.0

U.

00

306

0
C')tO

c: to

o@(o

@

CD
Câ€•'

a,

0

a

z

CA-A CANCERJOURNALFOR CLINICIANS

Downloaded from caonline.amcancersoc.org by on September 22, 2009 (©American Cancer Society, Inc.)

IIIâ€”t

8

q
C')

0
o@â€˜¿
a,
.C

U.

.!@

@

a,

.C

@

â€”¿â€”¿.â€”Iâ€”

@

8,

â€”¿

@

N

I

@

I

I

,@

CI<

C

.@

0

,_

0
00

,@

0

@@a,
a,

c U. U. U.

I

I

0

@I

8.

T.j1-!T@1I1@@
@

I

i

0

.1

â€”¿tq
1@ ..A LL

0,-â€˜.0N,

NcqCoiq

:1
ii

-

IL.

:1@I

0

@.L

i__

.A

I-@â€˜10â€¢

0

00,

2@.@â€˜.i0
@ci

.@

Ce

e
CC
00

It

a,

Co ._0

@

a a, to
o@

g<

Ca,

VOL 32. NO. 5 SEPTEMBEROCTOBER
1982

0
Oco
ZU.

C.,

,@

307

Downloaded from caonline.amcancersoc.org by on September 22, 2009 (©American Cancer Society, Inc.)

a,
â€˜¿C

0

0
.@

--â€”1--b:I

â€˜¿It

I!0

0

L@0i-,â€¢0
J-@L-@I

L

I
I

I

; .@2
.E@u.dâ€˜B@ c.,,C')

N.-

.-CO0)

.-C')@

4z4'@.-

e@E

g

eiâ€”o
â€¢¿._@

0.

,C@N@cq

NN

d
NN,

N

tO0

C')Lfl

to

O@N

4a@

to0

C')t@)

C')tO

â€˜¿C
>@

a,'0

Z@

308

a,

-)

CA-A CANCER JOURNAL FOR CLINICIANS

Downloaded from caonline.amcancersoc.org by on September 22, 2009 (©American Cancer Society, Inc.)

I

Q@,
-,,.I

a,

0
0

a,

,.0

U
Co
U.

00
a,

C
vi

â€˜¿C

I-

Q
C.;,
N

I

I_el

! Ii'
-

@I @.I

:@
@

C

a,

E
0

11:1

LV@

t4r'@

:1

.1

â€˜¿@ .@
vi
vi

â€˜¿@
vi

vi

vi

0

B'

0

@11
0

0â€˜-Â°

â€˜¿-1-0)
0,(@%

Cocoa,
U.U.U.

vi

0!I

I

000

â€˜¿Câ€˜¿Câ€˜¿C

@i â€¢¿
I iII'

Li[.L__IC@
:j@ft

0)
C
>
Co

0
0
0
0
0

0q

â€˜¿.
-N

Nr@â€˜

0

@ci

â€”¿â€˜O

ott
Ce
0

a
u
a

0'.-

ua

Va

u
0

u@.

Câ€•
0.â€”

a,
.@

.SCO

o(@.@

-g
uco@LL

VOL 32. NO 5 SEPTEMBER
OCTOBER1982

ue
.Eg

.@

0

c@

0
0

0

0

z

309

Downloaded from caonline.amcancersoc.org by on September 22, 2009 (©American Cancer Society, Inc.)

â€˜¿C

It looks as if the
clinician must consider every
female patient of 35 or older as
one at substantial risk of
developing breast cancer.
finedabove.Sinceclosetoone third
ofthe
women in our study population had more
than one risk factor, we calculated inci
dence rates and RRs in subgroups of
women with various combinations of fac
tors. The RR associated with each labeled
risk factor is shown for four groups of
women:
â€¢¿
those who possess that factor, regardless
of any other factors they may have
â€¢¿
those who possess that factor only, and
no other factors
â€¢¿
those with that factor and exactly one
other factor
â€¢¿
those with the given risk factor and at
least two other factors.
The most remarkable feature of the
graph is its lack of remarkabilityâ€”that is,
the majority of factors are associated with
risks of 1.8 or less.
The largest RR seen is 3.5. This RR
was found for one risk factor in each in
both of the age groups consideredâ€”i.e.,
women aged 30 to 54 with a family history
of breast cancer and two or more other risk
310

factors, and women aged 55 to 84 with a
history of a breast operation (as an index
of benign breast disease) and at least two
other factors. This latter risk factor appears
to be the strongest of those we considered,
because an RR of 3.4 was also found for
it in association with only one other risk
factor among the older women, and an RR
of 3.3 was seen among the younger women
with two or more other risk factors.
History of breast operation more than
doubled the risk in younger women and
nearly tripled it in older women. However,
because about one in 50 women possesses
this risk factor, it accounts for at most only
about three percent of the total number of
breast cancer cases.
Family history of breast cancer pro
duces the next highest RR in both age
groups; the incidence of breast cancer is
about triple the rate in the four to five per
cent of women with a family history. com
pared with women with no risk factors.
Surveillance is greatest in these two groups
of women with the highest RRs (family
history and history of breast operation).
which may lead to a better approximation
of their actual breast cancer risk. Because
these factors are those that are mostly ge
netically determined and thus not subject
to preventive measures, these women should
indeed receive a great deal of monitoring.

Discussion
Many advances have been made in our
understandingand treatmentof cancer.
Many people have quit or never started
smoking. and screening for cervical cancer
has become a routinepartof a woman's
annual checkup. Nonetheless, major dif
ficulties still obstruct our goal of more
widespread prevention. Even when epi
demiologists uncover major risk factors for
some cancers, such as those associated
with smoking exposure. inertia and indif
ference often reduce the potential success
of control efforts.
In the case of breast cancer, the risk
factors neither present as great a potential
for control nor are as clear-cut as those for
lung or cervical cancer. Investigators con
CA-A CANCER JOURNAL FOR CLINICIANS
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eliminated. This is a less useful concept.
however, since some risk factors represent
â€˜¿exposuresâ€•
that can be modified or elim
inated (such as diet, alcohol consumption.
and excess weight), while others may not
be subject to such control (age at men
arche, family history. etc.).
What is of primary importance is that
the ARs are additive (see Table 2). The
total AR in the 30-to-54-year-old group is
21.1 percent. while in the 55-to-84-year
old group. it is 29.0 percent. This means
that, given our current understanding of
breast cancer risk factors, we are unable
to identify or account for the â€œ¿causesâ€•
of
more than about one quarter of all cases.
Table 3 shows the RR for breast cancer
in women with specific risk factors as de
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