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Body Size, Physical Activity, and Breast Cancer Hormone Receptor
Status: Results from Two Case-Control Studies

Shelley M. Enger? Ronald K. Ross, Annlia Paganini-Hill,
Catherine L. Carpenter, and Leslie Bernstein

Research and Evaluation Department, Kaiser Permanente Medical Care
Program, Southern California, Pasadena, California 91188 [S. M. E.], and
Department of Preventive Medicine, University of Southern California/Norris
Comprehensive Cancer Center, Los Angeles, California 90033 [S. M. E.,
R.K.R.,,A.P-H,,C.L.C,, L.B]

Abstract

We evaluated whether our previous reports of
increased postmenopausal breast cancer risk with
higher body mass index (BMI) or of reduced
premenopausal and postmenopausal breast cancer risk
with higher physical activity levels varied according to
the tumor’s estrogen receptor (ER) and progesterone
receptor (PR) status. Participants enrolled in either of
two population-based case-control studies in Los
Angeles County, California: one of premenopausal
women (ages=40 years), and one of postmenopausal
women (ages 55—-64 years). Case participants were
diagnosed for the first time with in situ or invasive
breast cancer from 7/1/83 through 12/31/88
(premenopausal women) or from 3/1/87 through
12/31/89 (postmenopausal women). Joint ER/PR status
was collected for 424 premenopausal and 760
postmenopausal case participants. The analysis
included 714 premenopausal and 1091 postmenopausal
age-matched, race-matched (white or Hispanic), parity-
matched (premenopausal women only), and residential
neighborhood-matched control participants.

Among the postmenopausal women, obesity was
associated with an increased odds of ERR/PR+ breast
cancer (odds ratio, 2.45 for women in the highestersus
the lowest body mass index quartile; 95% confidence
interval, 1.73-3.47). Body mass index was associated with
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neither ER—/PR— tumors among the postmenopausal
women nor with any ER/PR subgroup among the
premenopausal women. For both premenopausal and
postmenopausal women, higher recreational physical
activity levels (=17.6 MET-hours/weekversusno activity)
were associated with a 30—60% reduction in risk of
nearly all ER/PR subtypes, although the associations were
generally of borderline statistical significance. Examining
these potentially modifiable breast cancer risk factors by
tumor ER and PR status may provide us with greater
insight into breast cancer etiology and the mechanisms
underlying the risk factor associations.

Introduction

The impact of physical activity and body size on breast cancer

risk has been evaluated in many recent studies. That these
factors may influence breast cancer risk is appealing because
they are among the few suspected risk factors amenable to
change. Several recent review articles have attempted to char-
acterize the relationship between physical activity, body size,

and breast cancer risk (1-4). Although the evidence suggests
that each factor has a unique and independent association with
breast cancer risk, the factors should not be considered in
isolation because of their complex relationship with menopau-

sal status.

Studies of postmenopausal women have consistently re-
ported an increased breast cancer risk associated with obesity,
and a number have reported a decreased risk associated with
physical activity, even after adjustment for body size. In con-
trast, studies of premenopausal women have generally reported
a lack of or an inverse association of body size and breast
cancer risk, but current evidence strongly suggests a reduced
breast cancer risk associated with physical activity. A recent
review article based on findings from the National Action Plan
on Breast Cancer’'s Workshop on Physical Activity and Breast
Cancer (4) suggested that the breast cancer risk reduction
associated with physical activity may be greatest among women
who are lean, parous, and premenopausal.

Clearly, these findings suggest that physical activity and
body size have somewhat different, although possibly interre-
lated, mechanisms of action. Obesity is hypothesized to in-
crease breast cancer risk of postmenopausal women, in whom
the conversion of androstenedione to estrone in body fat results

reporting program mandated by Health and Safety Code Sections 210 and 211.3.in higher endogenous estrogen levels than in thin women (5-7).
The ideas and opinions expressed herein are those of the authors, and noThis mechanism is biologically unimportant in premenopausal
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ERS are nuclear receptors that bind estrogen, resulting in patient refused to be interviewed (111 premenopausal and 419
DNA and protein synthesis, cell division, and breast cell pro- postmenopausal patients); the patient was too ill or had died (27
liferation (8—10). PRs bind progesterone in a similar manner premenopausal and 230 postmenopausal patients); the patient
(11). Breast tumors that express ERs and PRs behave differ-had moved out of Los Angeles County and could not be
ently, both clinically and biologically, than tumors that do not interviewed (12 premenopausal patients); or the patient was lost
express ERs or PRs (10). Generally, tumors expressing theseto follow-up (21 premenopausal and 17 postmenopausal pa-
receptors tend to respond more favorably to hormonal therapiestients).
and have a better overall outcome than tumors not expressing One neighborhood control participant was individually
ERs or PRs. matched to each of the 744 interviewed premenopausal patients

Several previous studies have attempted to determine on ethnicity (Hispanio/ersusother white), birthdate (within 3
whether tumor subtypes defined by hormone receptor statusyears) and parity, and to each of 1506 interviewed postmeno-
have different risk factors. Observing that risk factors vary pausal patients on ethnicity (Hispaniersusother white) and
across hormone receptor subtypes would support the hypothesishirthdate (within 3 years). We were unable to identify and
that hormone receptor status defines biologically unique tumors interview an eligible control participant for the remaining 73
with different etiologies. On the other hand, observing that risk interviewed postmenopausal patients.
factors generally do not vary across hormone receptor subtypes  Control participants were selected from housing units in a
would suggest that hormone receptor status does not definepredefined walk pattern in the neighborhood where the patient
biologically unique tumors but rather represents different stages jiyed at the time of her breast cancer diagnosis. We canvassed
in the continuum of the disease. It is not clear at this point each housing unit until a woman who satisfied the case partic-
whether body size or physical activity is associated with spe- jpant-matching criteria was located and interviewed. We made
cific tumor receptor subtypes. . . repeated attempts to obtain the information on matching criteria

We hypothesized that obesity and lack of physical activity py telephone or mail when no one was home. The first eligible
would be associated with increased risk of horm_one-responswe control participant participated for 592 (80%) premenopausal
tumors (ER+/PR+) but not ER—/PRtumors, given the hy-  yreast cancer patients and for 1205 (76%) postmenopausal
pothesized relation of each factor with endogenous hormone haients. The second eligible control participant participated for
levels. Therefore, to improve understanding of the mechanls_ms 124 (17%) premenopausal patients and for 227 (14%) post-
by which physical activity and body size alter breast cancer risk - mengpausal patients after the first eligible control participant
and to provide insight into possible etiological differences e sed. We had to identify three eligible control participants
between hormone receptor-positive and -negative tumors, We¢, 1g premenopausal and 65 postmenopausal patients, four
evaluated the relationship of physical activity and body size 10 g|igipje control participants for 4 premenopausal and 8 post-
the risk of specific breast cancer subtypes defined by hormone \,aqn4 sl patients, five eligible controls for 4 premenopausal
receptor status. We present reSL."tS from two populatlon-basgdand 1 postmenopausal patient, and 7 eligible control partici-
case;-control studies conducted in Los Angeles County, Cali- pants for 2 premenopausal patients before an interview was
fornia. obtained. Overall, the response rate among potentially eligible

controls was 79% for the study of premenopausal women and
Materials and Methods 80% for the study of postmenopausal women, based on the total
Participants. The designs of both studies have been detailed number of women we attempted to recruit to obtain a consent-
previously (12, 13). The methodology for the two studies dif- ing control participant for each case.
fered only in the ages of the eligible participants, the time Data Collection. Each study participant completed a face-to-
period in which the participants were ascertained, and in one of face interview in which she was asked about demographic
the variables with which control participants were matched to information, reproductive history, and other known or sus-
case patients. In both studies, women were eligible if they were pected breast cancer risk factors. For each matched case-control
English-speaking, white (including Hispanic), female residents pair and for the unmatched cases, a reference date was created
of Los Angeles County, who were born in the United States, that was the date 12 months before the case’s date of breast
Canada, or Western Europe. Eligible breast cancer patientscancer diagnosis. Information obtained by interview included
were women consecutively diagnosed with their first primary only those exposures that occurred before the reference date.
histologically confirmedn situ or invasive breast cancer. In the Participants provided information about their height,
first study, breast cancer patients were eligible if they were 40 \eight, and recreational exercise activities during the structured
years or younger and diagnosed between July 1, 1983, andinterview. We queried the participants about their height, their
December 31, 1988. The second study was restricted to womenyeight in the reference year, their weight at age 18, and their
55-64 years, with patients diagnosed between March 1, 1987, maximum weight (not including times when they were preg-
and December 31, 1989. All patlentS were identified by the nant)' BML which is a measure of body Size’ was Computed as
University of Southern California CSP, the population-based eight (kg) divided by the square of height YmWe created
cancer registry for Los Angeles County. categories of BMI based on the quartile distribution of BMI

We interviewed 744 of the 969 eligible younger (“pre-  among the control participants. Adult weight gain was mea-
menopausal’) patients and 1579 of the 2373 eligible older greq as the percentage increase in weight from age 18 to the
(‘postmenopausal”) patients. Reasons for nonparticipation reference age: for analyses, we used women who experienced
were: the physician recommended against contacting the Pa-weight loss or no weight change as the referent group and
tient (54 premenopausal and 128 postmenopausal patients); the;reated two cut points (three categories) for women who gained

weight based on the control participants’ distribution.
We queried the participants in both studies about their

3The abbreviations used are: ER, estrogen receptor; PR, progesterone receptor;regmar participation (at least 2 hiweek) in recreational physical

OR, odds ratio, Cl, confidence interval; BMI, body mass index; CSP, Cancer activity. Using ope_n?enQed questions, for eac_h _aCtiVity in which
Surveillance Program. they reported participating regularly, the participant told us the
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SPeCiﬁC tYpe Qf aC.tiVity in WhiCh she participated.g., aero- Table 1 Distribution of breast tumors by joint ER and PR status in the
bics, running, jogging, fencing, tap dance, and others), the age studies of women 40 years or younger (premenopausal) and of women 55—64
at which she began the activity, the age at which she stopped the  years (postmenopausal), conducted in Los Angeles County, California
activity, and the average number of hours/week that she par-

e ! -1 C > Premenopausal Postmenopausal
ticipated in the activity. If a study participant started and

; - ER status PR status PR status
stopped a particular activity more than once, we recorded each
period separately. We then computed the average number of Positive Negative Positive Negative
hours/week each woman engaged in all recreational physical  pg;ive 209 51 450 159
activities, including seasonal activities, for each year of her life Negative 19 145 24 127

after her first menstrual period. Each recreational activity was
assigned a MET value (metabolic equivalents of energy ex-
penditure based on the ratio of kilocalories of energy expended
in the given activity to that expended at rest) derived from Vvalues were those reported by the laboratory that performed the
published tables (14). We then computed average MET-hours/ 2SS For avery small proportion of the patients in both studies
week of recreational physical activity for each year of life from  (<2%), cut points for hormone receptor-positive values were

menarche to the reference age. We have published findingse'ther not reported or were reported as borderline. In those

previously on the association between physical activity and CaS€S: We chose the cut point for receptor-positive cases to be
breast cancer risk for both studies (12, 15). 10 fmol/mg for ER and PR, although choosing lower cut points

Exclusi For th fth | luded 11 (e.g., 3 fmol/mg) did not materially affect the results. The
xclusions. For thé purposes of the analyses, we exclude immunohistochemical method of hormone receptor determina-
case patients and 16 control participants from the study of

tion was performed for-8% of the postmenopausal patients
premenopausal women because the women were no longer,

) d luded 13 ) d14 Iand 3% of the premenopausal patients for whom hormone
menstruating, and we excluded 13 case patients and 14 contro receptor assays were performed. For these patients, the labora-
participants for whom we had no information on family history

tory provided a written interpretation of the positivity of the
of breast cancer. After the exclusions, a total of 720 case yp P P y

. e : . result. The method of assay was unknown fe6% of the
patients and 714 control participants remained in the study of

. Y 7' postmenopausal and 11% of the premenopausal patients for
premenopausal women. We excluded from the physical activity \yhom assays were performed. The distribution of breast tumors

data analysis the first 199 cases and controls enrolled in the by joint ER and PR status is shown for each of the studies
study, because the questionnaire was revised to assess Iifetimg—,—ame 1).

history of regular participation in physical activity subsequent
to the enrollment of these participants.

We excluded participants from the study of postmeno-
pausal women if the participants were premenopausal (still
menstruating and not using hormone-replacement therapy: 58
case patients and 51 control participants), had an unknown age
at menopause (usually hysterectomy without bilateral oopho-
rectomy: 352 case patients and 360 control participants), or did
not provide complete information on family history, education,
alcohol consumption, pregnancies, breastfeeding, or weight (9
case patients and 4 control participants). After the exclusions, a

total of 1160 case patients and 1091 control participants re- ,sefy| analysis. Although we did not to retain the pair matching
mained in the study of postmenopausal women. in the analysis, the results were not materially different when
Hormone Receptor Information. We reviewed pathology re-  the matching was retained. We examined dose-response effects
ports and abstracts collected by the CSP as part of its dataacross categories of a risk factor on a log-linear scale by fitting
collection activities for ER and PR status information (positive g coefficient to the median value of each category of a variable.
versusnegative) and quantitative ER and PR values, when we used polytomous logistic regression analysis to test for
available, for all of the case patients in both studies. When the heterogeneity in the association of BMI or physical activity
CSP reports did not include hormone receptor information, we across response functions of each joint hormone receptor status
obtained and examined medical and pathology records from the subgroup (SAS PROC CATMOD; SAS Institute, Cary, NC).
hospital where the patient was originally diagnosed. For the We conducted separate data analyses for the premeno-
study of premenopausal patients, we ascertained ER status forpausal and postmenopausal women. In both sets of analyses, we
441 (61.3%), PR status for 425 (59.0%), and joint ER/PR status included matching variables [age at reference year (continuous
for 424 (59.0%) of the 720 eligible case patients. For the study variable) and socioeconomic status (five categories based on
of postmenopausal women, we ascertained ER status for 805census tract of residence)] in the multivariate models. For the
(69.4%), PR status for 760 (65.5%), and joint ER/PR status for premenopausal study, we also included age at menasch2,
760 (65.5%) of the 1160 eligible case patients. In both studies, 12, 13, =14 years), age at first full-term pregnancy (never,
we located the charts, but results of the receptor assays, if done,<20, 20-24, 25-29=30 years), number of full-term pregnan-
were not in the record for 50% of women with missing receptor cies (none, 1, 2, 3, ang4), lifetime months of breastfeeding
status information; the chart was unavailable, generally because(none, 1-6, 7-15=16), and first-degree family history of
of destruction or hospital closure for about one-third of those breast cancer (presemérsusabsent) in the models.
missing information; and ER or PR status, but not both, was In the analysis of data from the study of postmenopausal
available for~10% of the women with missing information. women, we also included number of full-term pregnancies
In both studies, the vast majority of the hormone receptor (none, 1, 2, 3, ang:4), lifetime months of breastfeeding (none,
assays (~85%) were performed using the dextran-coated char-1-3, 4—6, 7-15=16), age at menopause (<45, 45—-49, 50-54,
coal method. The cut points for hormone receptor-positive =55 years), lifetime months of estrogen-only hormone replace-

Statistical Analyses. We evaluated whether the association of
body size or physical activity with breast cancer risk varied
according to tumor receptor status by computing ORs and 95%
Cls within joint ER/PR subgroups using unconditional logistic
regression methods. We chose not to retain individual pair
matching in the analysis but adjusted for all matching factors.
We used four separate models as follows: ER+/PR+;+ER
PR—, ER-/PR—, and ER unknown/PR unknown; each sub-
group was compared with eligible control participants. For both
studies, there were too few patients with the-HRR + subtype

(18 premenopausal and 24 postmenopausal patients) to permit
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Table 2 Multivariate ORs and 95% Cls for anthropometric variables with breast cancer risk according to the joint tumor ER/PR status in the studies of
premenopausal and postmenopausal women, conducted in Los Angeles County, California

Control ER+/PR+ ER+/PR— ER—/PR— ER unknown/PR unknown
omress Cases OR (95% Cl) Cases OR (95% Cl) Cases OR (95% Cl) Cases OR (95% CI)
Postmenopausal

BMI, reference age
<21.7 266 71 1.00 34 1.00 31 1.00 90 1.00
21.7-23.6 277 101  1.36 (0.96-1.94) 38 112 (0.68-1.85) 36 1.19  (0.71-1.99) 88 095 (0.67-1.36)
23.7-27.0 275 127 1.78 (1.26-2.51) 46 1.35 (0.83-2.20) 25 0.80 (0.45-1.40) 92 1.03 (0.72-1.46)
=27.1 273 151  2.45 (1.73-3.47) 41 129 (0.78-2.15) 35 1.20 (0.70-2.05) 130 157 (1.12-2.20)
TrendP 0.0001 0.24 0.8% 0.009

BMI, age 18
<21.7 749 307 1.00 107 1.00 91 1.00 271 1.00
21.7-23.6 222 96  1.09 (0.83-1.44) 32 099 (0.64-1.52) 23 0.85 (0.52-1.38) 89 1.13 (0.84-1.51)
23.7-27.0 83 35  1.02 (0.66-1.55) 17 1.37 (0.77-2.43) 9 081 (0.39-1.68) 29  0.94  (0.60-1.49)
=27.1 37 12 0.75 (0.38-1.49) 3 053 (0.16-1.79) 4 0.79  (0.27-2.29) 11  0.77  (0.38-1.56)
TrendP 0.82 0.98 0.40 0.77

% change from age
18 to reference age
=0 173 48  1.00 25 1.00 14 1.00 52 1.00
0.1-14.2 308 104 1.28 (0.86-1.91) 44 1.02 (0.61-1.79) 49 2.12 (1.13-3.99) 104 1.19 (0.80-1.76)
14.3-29.1 303 133 171 (1.16-2.52) 51 1.22 (0.73-2.11) 26 1.16 (0.58-2.30) 105 1.22  (0.82-1.81)
=29.2 307 165 2.32 (1.58-3.41) 39 0.99 (0.58-1.78) 38 1.75 (0.91-3.38) 139 1.71 (1.16-2.53)
TrendP 0.0001 0.87 0.61 0.004

Premenopausal

BMI, reference age
<21.7 319 88 1.00 17 1.00 62 1.00 140 1.00
21.7-23.6 162 54 1.28 (0.86-1.89) 17 219 (1.09-4.39) 35 111 (0.71-1.77) 64 0.89 (0.63-1.28)
23.7-27.0 115 33 1.03 (0.65-1.64) 11 1.72 (0.77-3.85) 23 0.95 (0.58-1.70) 47 0.80 (0.54-1.21)
=27.1 118 34 111 (0.70-1.77) 6 092 (0.34-2.47) 25 1.07  (0.56-1.68) 45 0.80 (0.53-1.20)
TrendP 0.68 0.72 0.91 0.20

2Models include age at reference year, socioeconomic status, number of full-term pregnancies, months of breastfeeding, age at menopause, hormone replacement therapy,
family history, alcohol consumption, and physical activity.

©0.001< P < 0.01 for difference in response function compared with ER+/PR+.

¢Models include age at reference year, socioeconomic status, age at menarche, age at first full-term pregnancy, number of full-term pregnancies, months of breastfeeding,

family history, and physical activity.

ment therapy (none, 1-12, 13-72, 73-120,21 years), life-
time months of combined estrogen and progestin hormone
replacement therapy (none, 1-12, 13-72, 73—-2®1 years),
family history (presentersusabsent), and average grams of
alcohol consumed per day (none, 1-13, 142@7) in the
models. When analyzing BMI, we also adjusted for average
MET-hours/week of physical activity from menarche to the
reference date (none, 0.1-3.7, 3.8—8.7, 8.8-115,.6). Con-
versely, for the analyses of physical activity, we adjusted for
BMI at the reference date (<21.7, 21.7-23.6, 23.7-27.0,
=27.1).

Results

We observed a substantially increased risk oftfRR + breast
cancer with increasing body size among the postmenopausal

association of BMI with breast cancer risk, overall or by re-
ceptor subtype, among the premenopausal participants. In gen-
eral, for both the premenopausal and postmenopausal studies,
results for tumors with unknown receptor type resembled the
results for ER+/PR-tumors, probably reflecting an expected
higher proportion of ER+/PR -than other subtypes among the
unknowns.

The association of adult weight change with breast cancer
risk appears to be largely restricted to ERPR+tumors (Table
2), for which we observed a marked increased risk associated
with increasing weight change from age 18. Adult weight gain
was not clearly associated with risk of ERPR— or ER—/
PR— tumors. We also observed an association of recent body
weight with risk of ER+/PR-+tumors only (results not shown).

We found no clear differences in breast cancer risk by

women (Table 2). The risk increased in a dose-response man-ER/PR subgroup when we examined the association of average

ner, culminating in a nearly 2.5-fold relative difference in risk
for the heaviest compared with the thinnest women. Risk of
ER+/PR— breast cancer was increased slightly among the
heaviest women compared with the thinnest, although the re-
lationship was not statistically significant. In contrast to the
findings for ER+/PR+breast cancer, we observed no relation-
ship of BMI to risk of ER—/PR—breast cancer among these

MET-hours/week of recreational physical activity and breast
cancer risk among the postmenopausal women (Table 3). We
observed reductions in risk of all ER/PR subtypes for women
participating in the highest levels of activity compared with
inactive women, although the associations were not statistically
significant for either ER+/PR+or ER—/PR—subtypes.

The premenopausal women had, on average, much greater

postmenopausal participants. BMI at age 18 was not associatedparticipation in recreational physical activities than the post-

with breast cancer risk of any receptor subtype when evaluated
using cut points based on quartiles of recent BMI. The results
were not different when evaluated using cut points based on
quartiles of BMI at age 18 (not shown). We observed no

menopausal women. More than 70% of the premenopausal
control participants engaged in regular recreational physical
activities compared with just over 50% of the postmenopausal
control participants. Among the physically active premeno-
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Table 3 Multivariate ORs and 95% Cls for physical activity according to joint tumor ER/PR status, in the studies of premenopausal and postmenopausal women,
conducted in Los Angeles County, California

Average MET-hours/week ER+/PR+ ER+/PR— ER—/PR— ER unknown/PR unknown
from menarche to Controls
reference age Cases OR (95% Cl) Cases OR (95% Cl) Cases OR (95% CI) Cases OR (95% ClI)
Postmenopausal
0 512 227 1.00 85 1.00 65 1.00 209 1.00
0.1-17.5 494 198  0.92 (0.73-1.16) 67 0.80 (0.56-1.13) 57 0.88 (0.60-1.29) 174 0.82 (0.65-1.05)
=176 85 25 0.69 (0.42-1.13) 7 043 (0.19-0.98) 5 043 (0.17-1.11) 17 050 (0.28-0.87)
TrendP 0.16 0.03 0.12 0.01
Premenopausal
0 147 52 1.00 11 1.00 40 1.00 7 1.00
0.1-17.5 273 87 0.85 (0.57-1.28) 21 1.10 (0.51-2.37) 51 0.71 (0.44-1.14) 97 0.69 (0.47-1.00)
=17.6 102 22 0.60 (0.34-1.07) 7 0.94 (0.34-2.56) 14 0.46 (0.24-0.92) 34 061 (0.37-1.02)
TrendP 0.09 0.94 0.02 0.03

2Models include age at reference year, socioeconomic status, number of full-term pregnancies, months of breastfeeding, age at menopause, hormone replacement therapy,

family history, alcohol consumption, and BMI.

b Models include age at reference year, socioeconomic status, age at menarche, age at first full-term pregnancy, number of full-term pregnancies, months of breastfeeding,

family history, and BMI.

pausal control participants, 25% averaged at least 19.2 MET-
hours/week of activity (equivalent te5 h/week of brisk walk-
ing or 3 h/week of intensive running) over the time period from

an increased breast cancer risk associated with higher endoge-
nous estrogen levels (17, 18).
It remains unclear, however, whether higher endogenous

menarche to the reference date. We observed a decreased breasstrogen levels preferentially lead to higher risk of hormone

cancer risk associated with increasing physical activity levels
for both ER+/PR+and ER—/PR-breast cancers, although we
did not observe a significant dose-response trend for the ER
PR+ tumors (Table 3). For ER—/PRtumors; however, risk
decreased substantially with increasing levels of recreational
physical activity, an association that was highly statistically
significant. We observed no risk reduction associated with
increasing physical activity levels among women with-&HR
PR—tumors. The associations of physical activity with ER
PR+ and ER—/PR—tumors did not appear to vary by age at
menarche or parity, but sample size constraints limited the
interpretation of these results (not shown).

We examined the interaction of BMI and physical activity
among postmenopausal and premenopausal women with ER
PR+tumors (Table 4). We were unable to examine adequately
the relation among women with other tumor receptor types
because of extremely small numbers of women with high levels
of physical activity with those receptor types. Overall, we
observed no marked variation in the relationship of physical
activity with ER+/PR+breast cancer risk across categories of
BMI. Within both high and low categories of BMI, higher
levels of physical activity were associated with modest reduc-
tions in risk of ER+/PR+tbreast cancer.

Discussion

receptor-positive cancers. Only one small prospective study has
examined this issue, and the results did not support this hy-
pothesis (19). In this study, investigators collected blood sam-
ples and questionnaire data from 7063 postmenopausal women
and then followed the women for up to 6 years for the occur-
rence of breast cancer, resulting in 130 diagnoses. The inves-
tigators reported that total estradiol levels and the percentage of
free estradiol were generally higher in cases than controls,
regardless of ER status. The results for ER-negative tumors
were based on only 23 cases, and women were still being
enrolled at the time of the last case’s diagnosis, suggesting that
the follow-up time was very short for some of the cases. It is
possible that clinical disease may have been present at the time
of blood collection for some of these patients, which may have
affected the serum hormone levels. Clearly, there is a need for
further investigation in this area.

Our findings for body size are consistent with results
reported from a prospective cohort study of over 37,000 55—
69-year-old postmenopausal women (20). That study reported a
similar association of high BMI with increased risk of ER
PR+ tumors only, but the cut point for higlersudow BMI in
the prospective study (30.0) was much higher than the cut point
for the highest BMI quartile (27.1) in the current study. Of four
other studies examining this association in postmenopausal
women, the results were mixed. One population-based case-

We have reported previously an increased breast cancer riskcontrol study (21) and another small case series (22) reported

associated with higher BMI levels in our study of postmeno-
pausal women (15). Our current finding that this association is
restricted to women with ER+/PRtumors provides further

evidence of a hormone-mediated effect of body fat on post-

slightly higher mean BMI among women with ER-positive
tumors compared with women with ER-negative tumors, dif-
ferences of borderline statistical significance. The case series
also reported statistically significantly higher mean BMI for

menopausal breast cancer risk. Previous experimental studiespatients with PR-positive tumors compared with patients with
have demonstrated the conversion of androstenedione to esPR-negative tumors. A small hospital-based case-control study
trone, the major form of estrogen produced by postmenopausalreported no difference in any body size indicators with ER-
women, via the aromatase enzyme complex in adipose tissuepositive compared with ER-negative tumors (23), and a larger

(5-7). In addition, increased serum levels of free estradiol

case-control study with friend/neighbor controls reported no

associated with decreased sex-hormone binding globulin levelsincreased risk of ER+or ER— breast cancer associated with
and increased triglyceride levels have been demonstrated inhigh body weight (24).

obese postmenopausal women (16). Prospective studies of both

We have reported previously inverse associations between

premenopausal and postmenopausal women have demonstrateghysical activity levels and breast cancer risk in both study
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Table 4 ORs and 95% Cls for the interaction of BMI and physical activity, only very young, mostly premenopausal women (12, 28), one

for ER+/PR-+breast tumors in the studies of premenopausal and included mostly peri- or postmenopausal women (27), and the
postmenopausal women, conducted in Los Angeles County, California other included women with a wide age range (26). Of the
Physical studies that noted a stronger association of physical activity

BMI activiye  Controls - Cases  OR (95% CI) with breast cancer risk among leaner women, two (a cohort

study and a case-control study) included women of varying

Poj:&inc’pa”sa' ages (29, 30), one (a case-control study) included premeno-
0 275 148 1.00 pausal and young postmenopausal women (31), and one (a
0.1-17.5 242 115  0.89 (0.66-1.21) case-control study) included postmenopausal women only (15).
=176 31 15 085 (0.44-1.66) We found that only recent body size and not body size in
Low young adulthood was associated with risk of EIRR +tumors
0 237 79 057 (0.41-0.80) in postmenopausal women. This finding, combined with the
0.1-17.5 252 83 054 (0.39-0.75) substantial epidemiological evidence of a null or inverse asso-
, , =17.6 54 10 032 (0.15-0.69) ciation of body size with premenopausal breast cancer risk (1),
Przr:’ern'c':;zruf:lo“ 0.61 suggests that body fat may be acting late in the neoplastic
High process, possibly by increasing endogenous estrogen levels that
0 58 19 1.00 fuel the growth of premalignant or early stage ERR+
0.1-175 88 29 098 (0.50-1.93) lesions. In contrast, physical activity was associated with re-
=176 25 7 086 (0.32-2.34) duced risk of all breast cancer ER/PR subtypes for both pre-
Low menopausal and postmenopausal women. Physical activity lev-
0 89 33 107 (0.55-2.11) els were higher in the premenopausal women than in the
0.1-17.5 185 58  0.83 (0.45-1.55) postmenopausal women, and activity levels in the postmeno-
, , =176 77 15 054 (0.25-1.18) pausal women declined over time from menarche to 1 year
P for interaction 0.61

before diagnosis, with most physical activity occurring in the
aAverage_MET-hours/week_of physical activity from menarche to reference age. premenopausal years. Perhaps decreased endogenous estrogen
” Models include the f°"°Wt'J”9: Ff"f’sltlme”"pausa' S“_‘dy—agehat rfgerencf vear levels associated with physical activity reduce proliferation of
socioeconomic status, number of full-term pregnancies, months of breastfeeding, . - - )

age at menopause, hormone replacement therapy, family history, and alcohol phenot.yplcally normal breast cells, which may ultimately re
consumption; premenopausal study—age at reference year, socioeconomic statusdUCe risk of all breast cancer receptor subtypes.

age at menarche, age at first full-term pregnancy, number of full-term pregnan- As with any epidemiological study, the findings from this
gﬁisg,hrpgggs?of breastfeeding, and family history. study should be interpreted in light of study limitations. A

potentially important consideration is the substantial difference
in the number of participants included in the analyses compared
with the original number interviewed, an especially large dif-
populations reported here (12, 15). We observed a decreasederence for the postmenopausal study. The bulk of the exclu-
breast cancer risk associated with increasing levels of physical sions in the study of postmenopausal women were women
activity for all ER/PR subtypes for both premenopausal and whose age at menopause was unknown; these women were
postmenopausal women. Acute as well as sustained physicalprimarily excluded because age at menopause was unknown
activity results in many biological changes. It is well estab- after a hysterectomy without bilateral oophorectomy. Inclusion
lished that intense and chronic or sustained physical activity can of women with unknown age at menopause did not alter the
result in menstrual cycle disturbances including secondary results.
amenorrhea (cessation of menses) and anovulatory menstrual ~ Another consideration is the possibility that risk factor
cycles (2). These changes are thought to reduce endogenougprofiles differed between women with and without available
estrogen exposure and have been hypothesized to reduce breaseceptor status information. However, as we have shown pre-
cancer risk (25). In addition, physical activity is associated with viously (13), the distributions of patient and tumor factag(,
alterations in immune function, but this relationship is complex ages at diagnosis, menarche, full-term pregnancy, menopause,
and not well understood. In general, moderate levels of physical and number of full-term pregnancies) for both the premeno-
activity enhance immune function, but highly strenuous phys- pausal and postmenopausal patients were remarkably similar
ical activity has been shown to depress immune function (2). for patients with and without known tumor hormone receptor
Physical activity may also alter breast cancer risk by its status. An important exception was that patients with unknown
effects on body size. However, the associations of physical tumor ER and PR status were much more likely to have been
activity with breast cancer risk defined by hormone receptor diagnosed with arnn situ tumor (17% of premenopausal and
status remained, even after adjustment for body size, and did 23% of postmenopausal patients) compared with women with
not vary across levels of body size. In addition, if physical known ER and PR status (4% of premenopausal and 2% of
activity functioned solely through a reduction in body size, we postmenopausal patients). Because the hormone receptor assays
would not expect to observe a physical activity-breast cancer that were most commonly in use when these patients were
association in premenopausal women, where body size is notdiagnosed required substantial quantities of tissue, it is likely
clearly related to risk. Others have examined the interaction of that patients withn situtumors had insufficient tumor tissue to
body size and physical activity in relation to breast cancer risk permit laboratory analysis. We have reported previously that
with mixed results. About half of the studies have reported no BMI was associated with a slightly lower risk of situ com-
interaction (12, 26—-28), whereas those reporting an associationpared with invasive breast cancer for both premenopausal and
found a stronger physical activity-breast cancer association postmenopausal women (32). When we repeated our current
among thinner women than among heavier women (29-31). physical activity and BMI analyses after excluding patients
These study differences do not appear to be related to either thewith in situtumors, we observed no material differences in our
ages of the participants or the study design. Of the studies results, as expected given the relatively small proportion of
reporting no interaction (all case-control studies), two included patients within situ tumors and known ER and PR status
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(results not shown)_ We had also observed that patients with 9. King, W. J., and Greene, G. L. Monoclonal antibodies localize estrogen

unknown ER and PR status were somewhat more likely to have receptor in the nuclei of target cells. Nature (Lon@Qy: 745-749, 1984.

had a fam”y hlstory of breast cancer (19% of premenopausal 10. Rayter, Z. Steroid receptors in breast cancer. Br. J. S180528-535, 1991.

and 21% of postmenopausal patients) compared with patients11. Perrot-Applanat, M., Logeat, F., Groyer-Picard, M. T., and Milgrom, M.

with known ER and PR status (11% of premenopausal and 17% (uminociostiemias Such o fminaian progesssione receptor using mono-

of post.menopa'usal pqtients). How.ever., when we restricted the 12. Bernstein, L Henderson, B. E.l, Hanisch, R SuIIi.van—HaIIey, J., and Ross,

ana|y5|s to patients W'thO_Ut a far_m_ly hlStOI’y of breast cancer, R. K. Physical exercise and reduced risk of breast cancer in young women. J. Natl.

the results for both physical activity and BMI were not ma- cancer inst.86: 1403-1408, 1994.

terially different (not shown). 13. Enger, S. M., Ross, R. K., Paganini-Hill, A., Longnecker, M. P., and Bern-
As with any case-control study based on self-report, it is stein, L. Alcohol consumption and breast cancer oestrogen and progesterone

possible that the case participants may have recalled certainreceptor status. Br. J. Canc@g: 13081314, 1999.

exposures differently than control participants, especially for 14. Ainsworth, B. E., Haskell, W. L., Leon, A. S., Jacobs, D. R. Jr., Montoye,

exposures widely thought to be associated with breast cancer.™: J- Sallis, J. ., and Paffenbarger, R. S., Jr. Compendium of physical activities:

However. both case-control studies were conducted in the classmcatlop of energy costs of human physical activities. Med. Sci. Sports

' Exercise,25: 71-80, 1993.

1980s when the relationships between physical aCtiVity* bOdy 15. Carpenter, C. L., Ross, R. K., Paganini-Hill, A., and Bernstein, L. Lifetime

size, and breast cancer risk were largely unknown and newly exercise activity and breast cancer risk among postmenopausal women. Br. J.

under investigation. It is therefore unlikely that the case par- Cancer80: 1852-1858, 1999.

ticipants would have either underreported their activity levels or 16. Enriori, C. L., and Reforzo-Membrives, J. Peripheral aromatization as a risk

Overreported their body We|ghts re'ative to the Contro| partici_ factor for breast and endometrial cancers. Gynecol. Ontdl.1-21, 1984.

pants because of prior knowledge of an association of either of 17. Thomas, H. V., Reeves, G. K., and Key, T. J. Endogenous estrogen and

these factors with breast cancer risk. gg;t_n;gogzgs%al breast cancer: a quantitative review. Cancer Causes ®ontrol,
Thi_S study provi_de_s further clue_s into the m_echanis_ms 18 HanI;inson.S E., Willett, W. C., Manson, J. E., Colditz, G. A., Hunter, D. J

underlymg the assoc[atlons of _bOdy S_lze and Phys'ca! activity Sp‘iegelman, D éarBieri, R.’L.,Ian.(,:i Speizer', F E Plasmé séx ._;:teroid Horhdhe

with breast cancer risk, and it provides a glimpse into the levels and risk of breast cancer in postmenopausal women. J. Natl. Cancer Inst.,

etiology of hormone receptor-positive and -negative cancers 90: 1292-1299, 1998.

related to these breast cancer risk factors. However, many 19. Zeleniuch-Jacquotte, A., Toniolo, P., Levitz, M., Shore, R. E., Koeing, K. L.,

questions remain unresolved. It is unclear at what point in the Banerjee, S., Strax, P., and Pasternack, B. S. Endog_enous est_rogens and risk of

neoplastic process hormone receptor attributes arise. It is a‘Isobreast cancer by estrogen receptor status: a prospective study in postmenopausal

women. Cancer Epidemiol. Biomark. Pre¥:,857—860, 1995.

unclear whether hlgh endogenous estrogen levels induce eStro-ZO. Potter, J. D., Cerhan, J. R., Sellers, T. A., McGovern, P. G., Drinkard, C.,

gen receptors during tumor development or if they fuel prolif-  kyshi L. R., and Folsom, A. R. Progesterone and estrogen receptors and mam-
eration of early hormone receptor-positive lesions. Further re- mary neoplasia in the lowa Women's Health Study: how many kinds of breast

search into tumor hormone receptor determinants and the cancer are there? Cancer Epidemiol. Biomark. Pév319-326, 1995.

natural history of hormone receptor development will provide 21. Mannists, S., Pientinen, P., Pyy, M., Palmgren, J., Eskelinen, M., and
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