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Lifetime exercise activity and breast cancer risk among
post-menopausal women
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Summary Lifetime exercise activity has been linked to breast cancer risk among young women. However, no study has specifically evaluated
whether lifetime exercise activity is related to the breast cancer risk of post-menopausal women. We conducted a population-based
case-control study of post-menopausal white women (1123 newly diagnosed cases and 904 healthy controls) aged 55-64 who lived in
Los Angeles County, California, USA to evaluate this relationship. Although neither exercise activity from menarche to age 40 years, nor
exercise after age 40 separately predicted breast cancer risk, risk was lower among women who had exercised each week for at least
17.6 MET-hours (metabolic equivalent of energy expenditure multiplied by hours of activity) since menarche than among inactive women
(odds ratio (OR) = 0.55; 95% confidence interval (Cl) 0.37—0.83). Exercise activity was not protective for women who gained considerable (>
17%) weight during adulthood. However, among women with more stable weight, breast cancer risk was substantially reduced for those who
consistently exercised at high levels throughout their lifetime (OR = 0.42; 95% CI 0.24-0.75), those who exercised more than 4 h per week for
at least 12 years (OR = 0.59; 95% CI 0.40-0.88), and those who exercised vigorously (24.5 MET-hours per week) during the most recent 10
years (OR = 0.52; 95% CI 0.32-0.85). Strenuous exercise appears to reduce breast cancer risk among post-menopausal women who do not
gain sizable amounts of weight during adulthood.
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Strenuous physical activity, known to influence ovarian hormonealetermine whether the association varies by ages at which a

production, is a potentially modifiable factor that could lead to avoman engages in exercise activity, and weight change during

reduction in breast cancer risk. Many studies of exercise and breasiulthood.

cancer risk have been conducted on premenopausal women

(Bernstein et al, 1994; Chen et al, 1997, G_ammon etal, 1998), a'mATERIALs AND METHODS

on pre- and post-menopausal women (Frisch et al, 1985; Albanes

et al, 1989; Vihko et al, 1992; Dosemeci et al, 1993; Dorgan et argubjects

1994; Mittendorf et al, 1995; D’Avanzo et al, 1996; Coogan et a

1997; Thune et al, 1997; Mezzetti et al, 1998; Rockhill et alAll white (including Hispanic) English-speaking female residents

1998), and one exclusively among post-menopausal womeof Los Angeles County who were between the ages of 55 and 64

(McTiernan et al, 1996). years at diagnosis, and born in the USA, Canada, or Western
Obesity and weight gain are important risk factors for postEurope, were eligible to participate in this study. A total of 2373

menopausal breast cancer (Hunter and Willett, 1993; Huang et aligible breast cancer case patients identified by the University of

1997). Strenuous exercise is associated with weight losSouthern California Cancer Surveillance Program, the population-

(Williamson et al, 1993), and consequently, physical activity, inbased cancer registry for Los Angeles County, were diagnosed

addition to influencing ovarian hormone production during thewith primary invasive or in situ breast cancer between 1 March

reproductive years, may reduce post-menopausal breast cand®87 and 31 December 1989.

risk through the promotion of a lean body. We interviewed 1579 eligible patients (67%). We were unable
Information on exercise activities throughout women'’s lives isto interview the remaining patients, 230 (10%) of which were too

necessary to assess the relative importance of different potentill or had died; we could not locate 17 (1%); physicians denied

biological effects of exercise. Although we previously examinedus permission to contact 128 (5%); and 419 (18%) refused to

lifetime history of exercise activity in relation to premenopausalparticipate.

breast cancer risk (Bernstein et al, 1994), to date no epidemio- One neighbourhood control subject was individually matched to

logical study has evaluated this relationship among posti506 interviewed case patients on birthdate (within 36 months)

menopausal women. The present study examines this relation &md race (hispanic, other white). To identify each neighbourhood

control subject, we utilized a predefined walk pattern for the
neighbourhood where the case patient lived at the time of her

Received 20 October 1998 diagnosis. The median number of housing units approached per

Revised 11 January 1999

Accepted 1 February 1999 case was 25.
P v We obtained complete walk-pattern censuses of neighbour-
Correspondence to: L Bernstein hoods for 636 case patients. For the remaining 870 breast cancer
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patients, we were denied access to at least one housing upitients, 1169 control subjects) after excluding subjects who
(median = 4) in the walk pattern. For 1205 breast cancer patientaiere premenopausal (30 cases, 20 controls), who had unknown
the first identified eligible control subject participated. For 227menopausal status (one control), who never menstruated (one
others, the second eligible control subject participated after theontrol), who had a hysterectomy without bilateral oophorectomy
first refused; for 74 others, three or more eligible control subjectgrior to their last menstrual period (306 cases, 267 controls), who
were identified. had a surgical menopause before age 30 (31 cases, 22 controls)
Study procedures to protect human subjects were approved by théno had a natural menopause before age 35 (seven cases, seve
University of Southern California Institutional Review Board, in controls), who took oral contraceptives after menopause (31 cases,
accord with assurances approved by the US Department of Healtts controls), who were missing information on hormone replace-
and Human Services. Each subject provided informed consent. ment therapy (six cases, three controls), or who were missing
measurements on weight or height (three cases, one control). We
Collection of data recreated matching strata for each single year of age between 5&
In-person interviews for each case-control pair were gener.'sllland 64, an_d five socioe_c or_10m_ic status stra}ta (based onm edian
conducted by the same female interviewer. We obtained Iifetim}Qousehold income and c_ilstrlbutlon of education of adults living in
reproductive, oral contraceptive hormone. replacement therap'EOS Ange_les Count_y during the 1980 censu_s). The exact age match
. . RO o sulted in exclusion of 101 control subjects younger than 55
gnd phy_swal exercise histories for each partIC|pe_1nt. we recorde;%arsl and 152 control subjects older than 64 years who originally
information up to a reference date (12 months prior to the date I . :
ere within 36 months of the age of their corresponding case but

the patient's diagnosis for each case and her matched control). litside the restricted age range. An additional 42 case patients anc

conside.red awoman to. have a first-degree family higtory of brea. t2 control subjects were excluded because they fell into age and
cancer if her mother, sister or daughter had been diagnosed wg cioeconomic strata that had only cases or only controls. The

breast cancer. We recorded self-reported height and We_ight at a ﬁalyses are based on 1123 case patients (100 of whom had in sit
18 and at the reference date. Body mass was estimated sease) and 904 control subjects.

Quetelet’s index (weight in kilograms divided by height in metres We estimated odds ratios (OR), 95% confidence intervals (CI)

squared). We created a variable for per cent change in We'g%r the odds ratio (based on the standard error of the log odds), anc

bet'\Nﬁten sge 18 and thg rgferetm(:je f[jhate. Vf\/ometn WTO lost or Za(:t%%ts for linear trend across ordinal values of categorical variables
weignt change were designate € relerent calegory an % conditional logistic regression methods. All reporPedalues

remaining women were divided into three groups according tQ - ) .
A re two-sided. Heterogeneity of trends was evaluated using a
whether they were below the 50th percentile value, below the 751‘?ke ed erogenetty end € ed 9

: . . ikelihood ratio test.
percentile, or above the 75th percentile of control subjects.
We collected information on physical exercise activity in which
women regularly participated for at least 2h per week. WERRESULTS

recorded the type of activity, ages started and stopped, and hOl’llr ble 1 presents distributions and unadjusted OR for potential

per week spent exercising. For each year of life, we computed tOtﬁifonfounding factors of the association between physical exercise

hour r week of all exerci tiviti llowing for n - . B ;
ours per week of all exercise activities, allowing for Seaso aact|V|ty and breast cancer risk. Breast cancer risk increased with
activities. We assigned metabolic equivalents of energy expendi-

L ) increasing levels of Quetelet's index at reference date (trend

ture (MET) scores to each activity (Ainsworth ?t al, 1993?’.mUIt'_P < 0.001), but was unrelated to Quetelet's index at age 18.

plied the score by hours per week engaged in that activity, ar\%
9

o omen who gained excessive weight between age 18 and
summed the MET-hour values across all activities for each year g 9 9

TR : o . ference age were at greater risk of breast cancer than those
asubject_s life. Elghtee_n MET-hours of aCt'V'tY IS e_quwr_:llent 03 hwhose weight was stable. Quetelet's index at reference age was
of hard vigorous exercise (MET = 6) such as jogging, field hocke

and aerobics (Ainsworth et al, 1993). ¥1igh|y correlated with per cent Weight change betyveen age 18 and
Wi tructed two risk iods t . fivit reference age (Pearson correlation,0.75). OR estimates for the
men:lr(fr?gstk:?; eh a 2 g; (Fignmoer?o (; 2zlsesesr.0eo>l<)e;1cr|]zeaag “A/,IO 'txtreme categories of the two variables were similar.
ugh ag P pausal peri 9 Both family history of breast cancer and age at first term preg-

the reference age (perimenopausal and post-mer_lopausgl perio%sahcy among parous women were positively associated with
Annual MET-hours per week reported for each risk period wer reast cancer risk (Table 1). Age at menarche and age at

summed and divided by total years in that period. Cut-points Werﬁ]enopause were not associated with risk. We included Quetelet’s

created for these two variables based on the joint distribution g .
Index at reference date, ages at first full-term pregnancy, menarche

average MET-hours per V\./eek n thg two p.er.'OdS'.We also used theg d menopause, family history, and interviewer in all multivariate
cutpoints to evaluate lifetime exercise activity (since menarche). Irr}10 dels assessing the relationship between physical exercise

all _analyses, the ref_erent group was women _who were Ir]"’u:t'vgctivity and breast cancer risk (Tables 2, 3 and 4). Duration of use
during the relevant risk period. We assessed risk according to th

total rs each woman exercised at least 4 h per week thi V\(l) hormone replacement therapy was not related to any exercise
otal years each woman exercised at leas perweek, as this aecl:%ivity variable and was not included in the multivariate models.

an important marker in our study of younger women (Bernstein et Neith MET-h k of physical :

I, 1994). We also examined risk in relation to the average MET- .e.lt er average “ours per week of physical exercise
ﬁours er week in the 10 years before each woman'’s reference daétICtIVIty in which a woman engaged between menarche and age 39
and in?he 10-year period)f/ollowing menarche ygars, nor that in which she engaged from age 40 years to thg

’ reference age was related to breast cancer risk (Table 2). Risk esti:
mates were similar to those shown in Table 2 when both measures
Analysis of data were included in the same model. However, breast cancer risk was
We limited analyses to post-menopausal women with known agestibstantially lower among women who maintained a high level of

at menopause and complete covariate information (1165 cagercise activity (averaging at least 17.6 MET-hours per week)

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 80(11), 1852—-1858
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Table 1  Odds ratios (OR) and 95% confidence intervals (ClI) for potential We examined the effects of exercise activity among women with
confoungmg factors of the association between physical activity and breast Weight Change above and below the median value of controls (17%
cancer risk among post-menopausal women aged 55-64 years . . . . . .. .
increase in weight) in a single logistic regression model to evaluate

No. of No. of Trend effect modification (Table 4). We included Quetelet's index at
Variable cases controls  OR (95% CI) P-value reference data as a continuous term in these analyses. Within the
group of women who maintained their weight (< 17% increase),
three measures of exercise were associated with reduced breast

Quetelet’s index? at
reference date®

<217 232 233 1.00 _ cancer risk, while none was associated with risk among women
21.7-23.6 256 219 117 (0.90-1.53) with greater weight gain. Among women with stable weight, those
23.7-27.0 284 225 131 (1.01-1.71) who exercised at least 17.6 MET-hours per week throughout their
Quzef;:t,s indext at 31227 158 (122-2.04)  <0.001 lifetimes reduced their breast cancer risk by more than 55%
age 18 relative to women who were inactive in both age periods. Among
<18.9 317 228 1.00 - women who maintained their weight, breast cancer risk declined
19.0-20.29 233 227 0.75  (0.58-0.97) with increasing number of years the woman exercised more than
20.3-22.16 318 224 105  (0.82-135) 4 h per week (trengt = 0.009); with risk reduced more than 40% for
P:rczezn'tl Zhange in 25 2% 080 (0.62-1.03) 041 those exercising at this level for at least 12 years since menarche.
weight from age 18 Risk was reduced 48% for those who averaged at least 24.5 MET-
to reference date hours over the 10 years preceding the reference date. Trends in risk
Negative change 141 140 1.00 - for MET-hours of activity within 10 years prior to reference age
g’ 1”_‘;;“;2)99 30 308 L1 (083-149) (P = 0.06) and trends in risk for lifetime MET-hours of activity
17.0-29.1% 251 203 118  (0.87-161) (P = 0.005) differed between women with a sizable weight gain
>29.2% 372 253 1.47  (1.09-1.97) 0.005 (= 17%) and women who maintained stable weight (< 17% gain).
Age at menarche Trends in risk for years of activity that averaged more than 4 h per
<12 224 175 1.00 - week did not differ between the two weight gain groups 0.30).
12 298 256 086  (0.65-1.12)
13 332 261 096  (0.73-1.25)
214 269 212 0.93 (0.70-1.22) 0.90 DISCUSSION
Age at menopause
<40 61 53 100 - Most risk factors for female breast cancer can be understood as
40-44 142 o L1 (0.70-1.75) measures of cumulative exposure of the breast to oestrogens and
45-49 31 277 1.00  (0.66-1.52) i
50-54 495 373 122  (0.81-1.84) progesterone. Women with early menarche have greater breast
>55 114 90 117  (0.72-1.88) 0.21 cancer risk than those with later menarche and this risk factor
Age at first full-term contributes substantially to overall breast cancer risk in young
pregnancy women (Kelsey et al, 1993). Early menarche represents more years
;02_02 4 411;93 i;i iég (0'86:1'54) of exposure to ovarian hormones because it predicts a more rapid
2529 245 193 125  (0.98-159) onset of regular ovulatory menstrual cycles during adolescence
30-34 88 57 153  (1.05-2.23) and higher circulating oestrogen levels later in reproductive life
235 38 21 169  (0.96-2.99) 0.004¢ (Vihko and Apter, 1984; Apter et al, 1989). Women who experi-
Fir’:ﬁg’ggrrs;sfam”y 187 % 182 (136-244) ence earlier menopause have lower breast cancer risk than those
history of breast cancer who stop menstruating later (Kelsey et al, 1993). Weight gain as an
No 907 798 1.00 - adult and post-menopausal obesity increase breast cancer risk after
Yes 208 100 184  (1.41-2.39) the menopause (Hunter and Willett, 1993; Huang et al, 1997); this
Don't know/adopted 8 6 162  (0.54-4.83) is likely due to greater oestrogen exposure in obese than in thinner
post-menopausal women (Key and Pike, 1988; Potischman et al,
aWeight (kg)/height? (m); Pone year prior to breast cancer diagnosis for cases 1996; Thomas et al, 1997) because of the high levels of oestrone

and corresponding date for controls; trend test for parous women. production Occurring in adipose tissue (MacDonaId et al, 1978;

Kirschner et al, 1981).

Based on our understanding of the importance of ovarian
throughout their lifetimes, from menarche to reference datédormones to breast cancer risk, we hypothesized that regular
(OR = 0.55; 95% CI 0.37-0.83), compared to those with lifelongparticipation in exercise activities sufficient to alter menstrual
inactivity (Table 3). cycle patterns and ovulatory status during reproductive years

Exercise during the first 10 years after menarche was nathould reduce breast cancer risk (Bernstein et al, 1992). Exercise
associated with breast cancer risk (Table 2). Likewise, averageay reduce a woman’'s cumulative exposure to oestrogen by
MET-hours of exercise per week in the 10-year period precedingelaying menarche (Frisch et al, 1980, 1981), lowering levels of
the reference date was not associated with risk (tPead.32),  serum oestrogen (Russell et al, 1984; Broocks et al, 1990), and
although women who averaged at least 24.5 MET-hours per weékcreasing the frequency of anovulation (Russell et al, 1984;
had a modestly reduced risk (OR = 0.71; 95% CI 0.48-1.07).  Bernstein et al, 1987). During a woman’'s perimenopausal and

Total years in which women exercised more than 4 h per weegost-menopausal years, exercise may reduce hormonal exposure
(Table 3) predicted breast cancer risk (tréhet 0.01). Women  through weight maintenance.
who maintained this activity level for 12 or more years were 29% In our previous case-control study of women aged 40 or
less likely to develop post-menopausal breast cancer than womgounger, we examined lifetime exercise patterns and observed
who never exercised at that level. a sizable reduction in breast cancer risk among women who

British Journal of Cancer (1999) 80(11), 1852-1858 © 1999 Cancer Research Campaign
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Table 2 Odds ratios (OR) and 95% confidence intervals (Cl) for the association between time-specific measures of physical exercise activity and breast
cancer risk among post-menopausal women aged 55-64 years

Time period of
exercise activity No. of No. of Adjusted Trend
Category of activity cases controls OR OR @ 95% ClI P-value

First 10 years
after menarche®
(average MET-hours® per week)

No activity 829 664 1.00 1.00 -

0.1-9.8 118 81 112 1.10 (0.80-1.52)

9.9-16.5 65 70 0.76 0.75 (0.51-1.10)

>16.6 111 89 1.00 0.92 (0.61-1.40) 0.43

From menarche to age 39¢
(average MET-hours per week)

No activity 740 571 1.00 1.00 -

0.1-3.74 85 102 0.64 0.67 (0.48-0.93)

3.75-8.74 118 89 1.05 1.09 (0.79-1.51)

8.75-17.59 107 79 1.07 1.05 (0.75-1.48)

>17.6 73 63 0.90 0.85 (0.57-1.28) 0.79

From age 40 to reference date®’
(average MET-hours per week)

No activity 756 577 1.00 1.00 -

0.1-3.74 81 75 0.84 0.86 (0.60-1.23)

3.75-8.74 86 70 0.94 0.92 (0.64-1.31)

8.75-17.59 112 84 1.05 1.07 (0.77-1.49)

217.6 88 98 0.73 0.81 (0.57-1.15) 0.46

From 10 years prior to reference date
until reference date?
(average MET-hours per week)

No activity 792 605 1.00 1.00 -

0.01-6.9 81 71 0.85 0.87 (0.61-1.25)

7.0-13.9 89 77 0.93 0.92 (0.65-1.31)

14.0-24.4 98 75 1.01 1.09 (0.76-1.55)

2245 63 76 0.64 0.71 (0.48-1.07) 0.32

a0dds ratio adjusted for categories of body-mass index (Quetelet’s index) at reference date, age at first full-term pregnancy, family history of breast cancer,
age at menarche, age at menopause, and interviewer. "Adjusted model includes continuous term for average MET-hours from 10 years after menarche until
the reference date. °Product between metabolic equivalent of energy expenditure and hours of activity. “Adjusted model includes continuous term for average
MET-hours per week of exercise from age 40 to reference date. ®One year prior to breast cancer diagnosis for the cases, and corresponding date for controls.
Adjusted model also includes continuous term for average MET-hours from menarche to age 39. Adjusted model also includes continuous term for average
MET-hours of activity up to 10 years prior to reference date.

Table 3 Odds ratios (OR) and 95% confidence intervals (Cl) for the association between lifetime measures of physical exercise activity and breast cancer risk
among post-menopausal women aged 55-64 years

Measure of
lifetime activity No. of No. of Adjusted Trend
Category of activity cases controls OR OR @ 95% CI P-value

Exercise activity from menarche
to the reference date®
(average MET-hourse per week)

No activity 575 427 1.00 1.00 -
0.1-< 17.59 492 404 0.90 0.88 (0.72-1.07)
217.6 56 73 0.59 0.55 (0.37-0.83) 0.01

Years engaged in more than 4 h per
week of exercise activity?

0 811 616 1.00 1.00 -
1-11 196 171 0.86 0.83 (0.65-1.06)
12 116 117 0.74 0.71 (0.52-0.96) 0.01

20dds ratio adjusted for categorical terms for body-mass index (Quetelet's index) at reference date, age at first full-term pregnancy, family history of breast
cancer, age at menarche, age at menopause, and interviewer. "One year prior to breast cancer diagnosis for the cases, and corresponding date for controls.
°Product between metabolic equivalent of energy expenditure and hours of activity. YAdjusted model also includes continuous term for number of years in which
the average amount of exercise was 4 h per week or less.

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 80(11), 1852—-1858
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Table 4 Odds ratios (OR) and 95% confidence intervals (Cl) for association between measures of physical exercise activity and breast cancer risk among
post-menopausal women aged 55-64 years by percent adult weight change.

Per cent weight change
between age 18 and reference date 2

Time period of <17.0% >17.0%
Exercise activity Cases/ Trend Cases/ Trend
Category of activity Controls OR ©® 95% ClI P-value Controls OR ® 95% CI P-value

From menarche to
to reference date
(average MET-hours® per week)

No activity 214/197 1.00 - 334/230 1.00 -
0.1-< 17.59 237/211 0.81 (0.63-1.04) 255/193 0.95 (0.74-1.21)
>17.6 22142 0.42 (0.24-0.75) 0.003 34/31 0.70 (0.40-1.19) 0.26

Number of years engaged in more than
4 h of exercise activity per week!

0 356/301 1.00 - 455/315 1.00 -

1-11 90/75 0.84 (0.59-1.20) 106/96 0.82 (0.60-1.13)

212 54/74 0.59 (0.40-0.88) 0.009 62/43 0.86 (0.56-1.33) 0.25
From 10 years prior to
Reference age until reference date
(average MET-hours per week)

0 332/272 1.00 - 460/333 1.00 -

0.1-6.9 41/40 0.80 (0.49-1.28) 40/31 0.94 (0.56-1.58)

7.0-13.9 42/38 0.80 (0.49-1.31) 47/39 1.02 (0.64-1.63)

14.0-24.4 49/43 1.05 (0.66-1.68) 49/32 1.05 (0.64-1.72)

2245 36/57 0.52 (0.32-0.85) 0.04 27/19 1.12 (0.59-2.15) 0.75

a0One year prior to breast cancer diagnosis for cases and corresponding date for controls. *Adjusted for categories of age at first full-term pregnancy, family
history of breast cancer, age at menarche, age at menopause, interviewer, and a continuous term for Quetelet's index at reference date. °Product between
metabolic equivalent of energy expenditure and hours of exercise activity. “Adusted model also includes continuous term for number of years in which the
average amount of exercise was 4 h per week or less. *Adjusted model also includes continuous term for average MET-hours per week of exercise up to
10 years prior to reference date.

averaged at least 3.8 h per week of exercise during their reproduaeight gained during adulthood. Exercise was strongly associated
tive years (Bernstein et al, 1994). These results led us to purswéth reduced post-menopausal breast cancer risk among women
whether exercise might affect breast cancer risk among postvhose weight gain during adulthood was minimal, but was not

menopausal women. clearly associated with breast cancer risk among women who

Measurement of lifetime exercise in this study has enabled us @ained greater amounts of weight.
examine activity patterns in different ways. We summarized life- Two recent studies of physical activity and breast cancer risk
time physical activity into two time periods and evaluated whethealso examined differences in risk reduction according to body
exercise during the reproductive years might affect risk differentlymass (Coogan et al, 1997; Thune et al, 1997), with results
than exercise in the perimenopausal and post-menopausal yeagenerally consistent with data reported here. Occupational
We also evaluated lifetime activity. Breast cancer risk waghysical activity was mildly protective for breast cancer among
appreciably reduced among women who exercised at high levefmst-menopausal women in the study of Coogan et al (1997), but
throughout their lifetime. Although activity in the first 10 years among lean women the protective effect was stronger. In a large
after menarche was related to reduced breast cancer risk in oorospective study of Norwegian women, an inverse association
study of younger women (Bernstein et al, 1994), we did not findbetween the highest level of a self-rated activity score and breast
this effect in the present study of post-menopausal women age@dncer risk was observed with the most sizable reduction in risk
55-64 years, unless women continued regular exercise. among women with a lean body-mass (Thune et al, 1997).

A high exercise level during the 10-year perimenopausal Although correlated, weight change during adulthood and
and early post-menopausal period was moderately protectivebesity represent somewhat different variables. To account for
compared to inactivity during those years, but the overall associgotential residual confounding from obesity, we adjusted for body-
tion was non-linear. Years that women exercised more than 4 h perass index at the reference age in all analyses that evaluated the
week, on the other hand, was strongly protective with a cleaeffects of exercise and weight change. We further examined
dose-response relationship. average body-mass index values at the reference age in each cate-

Weight gain in adulthood is generally associated with amgory of the activity variables within each weight gain category. We
increased risk of post-menopausal breast cancer (Ballard-Barbaffund only slight differences between case patients and control
et al, 1990; Brinton and Swanson, 1992; Barnes-Josiah et al, 199%jbjects.

Ziegler et al, 1996; Huang et al, 1997). Post-menopausal women Results from the present study emphasize the complexity of the
who exercise have lower circulating levels of oestrone (Nelsomelationship between exercise activity and post-menopausal breast
et al, 1988; Cauley et al, 1989), and this relationship appears to bancer risk. Early exercise activity, if not sustained, does not

independent of body mass (Cauley et al, 1989). The effects afppear to affect post-menopausal breast cancer risk. However,
exercise activity in the present study varied according to amount difetime exercise when measured by average MET-hours per week
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or by exercise that averages more than 4 h per week, as well @gHley JA, Gutai JP, Kuller LH, LeDonne D and Powell JG (1989) The
vigorous exercise of sizable duration during the perimenopausal €pidemiology of serum sex hormones in postmenopausal women.

and early post-menopausal years are moderately associated with, “7emio! 129: 1120-1131
y p p Y y gnen C-L, White E, Malone KE and Daling JR (1997) Leisure-time physical activity

reduced breast cancer risk. Such exercise, especially when i relation to breast cancer among young women (Washington, United States).
combined with maintenance of a relatively stable weight during  Cancer Causes Control 8: 77-84.

adulthood, substantially reduces the risk of post-menopaus&eogan PF, Newcomb PA, Clapp RW, Trentham-Dietz A, Baron JA and Longnecker
breast cancer. (I\GP {139873 I:h);élcal acctlvny |nCusuaIlc;cc6uzpsatgo3nland risk of breast cancer
. . nite ates)Cancer Causes Control 8. —
Our results appear to SqueSt that among women who malntaH"Avanzo B, Nanni O, La Vecchia C, Franceschi S, Negri E, Giacosa A, Conti E,
a lean body, exercise exerts a separate, independent effect on Montella M, Talamini R and Decarli A (1996) Physical activity and breast
breast cancer risk. However, our body-mass measure does not take cancer riskCancer Epidemiol Biomarkers Prev 5: 155-160
into account the relative amounts of muscle mass and body fd_‘t’?rgan JF, Brown C, Barrett M, Splanski GL, Kreger BE, D’Agostino RB, Albanes

K . . . D and Schatzkin A (1994) Physical activity and risk of breast cancer in the
which, even among women with relatively stable weight, may vary Framingham Heart Studym J Epidemiol 139: 662—669

according to activity level. As a consequence, the protective effegfosemeci M, Hayes RB, Vetter R, Hoover RN, Tucker M, Engin K, Unsal M and
of exercise may not be independent of the amount of adipose Blair A (1993) Occupational physical activity, socioeconomic status, and risks
tissue. Future studies are needed to identify whether exercise ©f 15 cancer sites in Turke§ancer Causes Control 4: 313-321
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