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Physical Activity and Risk of Breast Cancer in the
Framingham Heart Study

Joanne F. Dorgan,’ Charles Brown," Michael Barrett 2 Greta L. Splansky,?
Bernard E. Kreger,® Ralph B. D'Agostino,* Demetrius Albanes," and Arthur Schatzkin'

The authors analyzed data from the Framingham Heart Study to evaluate the
association between physical activity and breast cancer risk. Physical activity was as-
certained by a physician-administered questionnaire from 2,321 women at the fourth
biennial examination conducted in 1954--1956. Breast cancers were identified by self-
repont, surveillance of admissions to Framingham Union Hospital, and review of death
records; all but one were histologically confirmed. During 28 years of follow-up, 117
breast cancer cases were diagnosed among the 2,307 women with data on physical
activity and reproductive history (a potential confounder). Analysis was performed using
Cox proportional hazards models with age as the underlying time variable. Models were
adjusted for age at physical activity assessment, Mmenopausal status, age at first preg-
nancy, parity, education, occupation, and alcohol ingestion. We observed a gradient of
N increasing risk of breast cancer with increasing physical activity (trend p = 0.06). The
) relative risk for women in the highest versus lowest activity quartile was 1.6 (95% con-
fidence interval 0.9-3.0; p = 0.13). Although both moderate-io-heavy leisure and oc-
cupational activities were associated with an increased risk, the association was mar-
ginaily significant only for leisure activity (p = 0.08). Our findings do not support a
protective effect of physical activity during adutthood for breast cancer, but suggest an
increased risk among more active women. Am .J Epidemiol 1994;139:662-9.

breast neoplasms; exercise; prospective studies

Physical activity has been hypothesized to
protect against breast cancer. Frisch et al.
(1) first proposed a protective effect after
observing a lower prevalence of breast
cancer among former coilege athietes

95 percent confidence interval (CI) 0.3—
1.0). Paffenbarger et al. (2), however,
failed to detect an association of breast
cancer with participation in sports during
the early college years. A nonsignificant

compared with nonathletes in a cohort of  inverse association between self-reported

. 9398 living alumnae (relative risk = 0.5;  activity and postmenopausal breast cancer
’ was observed for participants of the First

National Health and Nutrition Fxamina-
tion Survey Epidemiologic Follow-up
Study (3). Relative risks for the most ac-
tive versus least active women were 0.6
(95 percent CI 0.3-1.2) and 0.7 (95 per-
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cent CI 0.4-1.4), respectively, for recre-
ational and nonrecreational activities.
There was, however, a suggestion of an in-
creased risk of premenopausal breast can-
cer among the more active women in this
cohort. Occupational activity, surmised on
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the basis of job titles, also was related to a
decreased risk of dying from breast cancer
in Washington State (4). Among women
i whose usual lifetime occupation was clas-
sified as nonsedentary, the observed num-
ber of all deaths attributed to breast cancer
was significantly less than cxpected (pro-
portionate mortality ratio = 85).

The Framingham Heart Study is a pro-
spective cohort study of cardiovascular risk
b factors that includes data on physical activ-
' ity at work and during leisure time as well
as breast cancer incidence. Physical activity
data were collected at the fourth biennial
Framingham examination, and breast cancer
ascertainment is complete through the 18th
examination. We analyzed the relation be-
b tween physical activity and the development
of breast cancer during these 28 years of
follow-up.

MATERIALS AND METHODS

; The Framingham Heart Study started in
1948. The cohort, which initially included
2.873 women, was followed with biennial
examinations for 34 years (examinations
1-18) with less than 3 percent loss to follow-
up. At the fourth biennial examination, con-
ducted in 1954-1956, seif-reports of physi-
; cal activity were obtained from 2,321
women aged 35-68 years. Data were miss-
ing for 55 women who died before the ex-
amination, 286 who missed the examina-
tion, and 211 who took the examination but
did not report physical activity.

The methods used to identify cancers in
the cohort have been described in detail by
Kreger et al. (5). Briefly, the cases initially
were identified by self-report at examinations,
surveillance of admissions to Framingham
Union Hospital, and review of all death
records. Through 1988, primary breast can-
cer (International Classification of Diseases
code 174 (6)) was diagnosed in 164 women.
Histologic confirmation was obtained for all
but one woman who had a growing mass in
er breast but did not undergo surgery. After
‘excluding 16 breast cancer cases diagnosed
Hor to examination 4, 27 that occurred

among women who missed examination 4 or
did not report physical activity at the ex-
amination, and three cases diagnosed after
the last visit for which we have complete
follow-up (examination 18), 118 cases re-
mained. One of these potential cases and 13
noncases were dropped prior to analysis be-
cause they were missing data on reproduc-
tive history, leaving a total of 117 cases and
2.181 noncases.

Physical activity was assessed by a
physician-administered questionnaire that
ascertained how many hours a day a woman
usually spent at sleep and rest and, during
work and lcisure time, at sedentary {e.g.,
standing), slight (¢.g., walking), moderate
(e.g., greater than walking but less than run-
ning), and heavy (e.g., running) activities.
The hours at each level of activity, weighted
by the relative oxygen consumption for that
activity, were summed to create a physical
activity index (7). Activity level weights
were the following: 1) sleep and rest, 1.0; 2)
sedentary, 1.1; 3) slight, 1.5; 4) moderate,
2.4; and 5) heavy, 5.0.

For analysis, women were classified as
premenopausal if they were still having pe-
riods or as postmenopausal if their periods
had stopped naturally or as a result of ra-
diation treatment, hysterectomy with bilat-
eral oophorectomy, or hysterectomy with-
out bilateral oophorectomy if 60 or more
years old. Women who were less than 60
years old and who had a hysterectomy with-
out bilateral oophorectomy were treated as
a separate group because their menopausal
status in terms of hormones was unknown.
Women for whom data on menopausal sta-
tus were missing werc treated as postineno-
pausal if they were 60 or more years old and
as having unknown menopausal status if
they were less than 60.

Univariatc comparisons for continuous
variables were evaluated by the Wilcoxon
two-sample test with a correction for con-
tinuity and for categorical variables by the
chi-square test (8). Age-adjusted and mul-
tivariate analyses were performed using Cox
proportional hazards, with age as the under-
lying time variable in the model (9). For
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multivariate analyscs, a stratum was created
for each case that included all women within
2 years of age of the case at the time physical
activity was measured, of the same parity
and menopausal status as the case at the age
she developed breast cancer, and alive and
free of breast cancer at the age the case was
diagnosed. The same woman could be in-
cluded in more than one stratum, and
women who developed breast cancer could
be included as noncases for cases diagnosed
at a younger age. Adjustment was made for
age at first pregnancy, education, occupa-
tion, and alcohol ingestion (ascertained at
examination 2) by including these variables
as covariates in the model with physical ac-
tivity. The occupational classification sys-
tem of the 1970 Census of the Population
(10) was used to categorize current jobs re-
ported at examination 4. Education and al-
cohol ingestion also were treated as cat-
egorical variables, whereas age at first
pregnancy was continuous. Weight, height,
body mass index, and postmenopausal ex-
ogenous hormone use did not substantiaily
affect results and were not included in mod-
els. SAS statistical software was used for all
analyses (11).

We used two approaches to model the re-
lation of physical activity to breast cancer.
First, women were categorized into quartiles
on the basis of their physical activity index
and, using dummy variables, risks were es-
timated relative to the lowest quartile in-
cluding the most sedentary women. The sig-
nificance of the trend in risk was evaluated
by including the physical activity index in
the model as a continuous variable. Second,
we combined the hours spent at sedentary
and slight activity into a single variable and
moderate and heavy activity into another
variable and included these two variables in
a model with the hours at sleep and rest as
the referent. Thus, we estimated the risk due
to replacing 1 hour per day of sleep/rest with
1 hour of sedentary-to-slight or moderate-
to-heavy activity. To investigate whether
the risk differed for leisure and occupational
activity, we created separate variables for
the hours spent at sedentary-to-slight and

moderate-to-heavy leisure and occupational
activity and included these four variables
in a model with hours at sleep/rest as the
referent.

RESULTS

The characteristics of 117 breast cancer
cases and 2,181 noncases are shown in table
1. At the time of diagnosis, five cases were
premenopausal, 106 were postmenopausal,
and six had an unknown menopausal status.
Consistent with established breast cancer
risk factors (12), cases were significantly
older at the time of their first pregnancies
and had significantly fewer pregnanciecs. As
expected, cases also were more likely to
have graduated from high school (13), al-
though their distribution of years of educa-
tion did not differ significantly from that of
noncases, and they were no more likely to be
employed in professional and managerial
occupations. Body size, which has been
positively associated with postmenopausal
breast cancer in some (14-16) but not in all
(17, 18) studies, was not related to breast
cancer in this population. Contrary to most
published reports (12), alcohol ingestion
was slightly inversely associated with risk.

All women spent at least some time each
day sleeping or resting; the median was 8
hours/day (range, 413 hours) and did not
differ between cases and noncases. Essen-
tially all women (99 percent) also spent time
in sedentary and slight activities, and the
amount of time spent in these activities did
not differ for cases and noncases. Cases
spent a median of 8 hours/day (range, 0-16
hours) in sedentary and 6 hours/day (range,
0-14 hours) in slight activities. Noncases
spent a median of 7 hours/day (range, 0-18
hours) in sedentary and 7 hours/day (range,
0-16 hours) in slight activities. Eighty-five
cases (73 percent) and 1,442 noncases (66
percent) were involved in activities that re-
quire moderate levels of exertion. The me-
dian time per day spent at moderate levels of
activity was 1 hour for both cases (range,
0-10 hours) and noncases (range, 0-14
hours). Only six cases (5 percent) and 121
noncases (6 percent) were involved in heavy
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activities. The maximum number of hours
spent per day in heavy activitics was 6 hours
for cases and 4 hours for noncases.

Women were followed for a median of 26
years, contributing a total of 54,000 person-
years of follow-up. The numbers of person-
years and breast cancer cases by quartiles of
the physical activity index are shown in
table 2. There was no evidence for an as-
sociation in these unadjusted data; the risks
relative to the first (lowest) quartile of ac-
tivity were 1.1, 1.0, and 1.1 for the second
through fourth (highest) quartiles, respec-
tively. As shown in table 3, after adjustment
for age, women in the upper quartiles of ac-
tivity were at an increased risk of breast can-
cer. Further adjustment for other potential
confounders, primarily reproductive and so-
cioeconomic, smoothed the gradient of in-
creasing risk of breast cancer with increas-
ing physical activity. The risk for women in
the highest quartile of physical activity was
60 percent higher than that for women in the
lowest quartile, and the risks for women in
the two middle quartiles were intermediate.
The test for trend from the multivariate
model was marginally significant (p =
0.06).

Because few women participated in
strenuous activities, the number of hours
spent at heavy activity was combined with
the number of hours spent at moderate ac-
tivity to examine the association of each ac-
tivity level with breast cancer risk. Seden-
tary and slight activity did not differ in their
association with breast cancer and were

TABLE 2. Number of breast cancer cases by
quartile of the physical activity index* in the
Framingham Heart Study {1954-1984)

Physical activity

Breast cancer

index by Women Person-years

quartilet cases
1 (low) 488 10,671 22
2 673 15,268 35
3 554 13,347 28
4 (high) 583 13,813 32

* Physical activity index = sleep/rest hours x 1.0 + sed-
entary hours X 1.1 + slight activity hours X 1.5 ~ moderate
activity hours X 2.4 + heavy activity hours x 5.0.

1 Quartile cutpoints: 1 = 25-28, 2 = 29-30, 3 = 31-32,
4 = 33-54.

combined for presentation. The relative
risks for leisure and occupational activities,
separately and in combination, are presented
in table 4. Although both leisure and occu-
pational moderate-to-heavy activities were
related to an increased breast cancer risk, the
association was marginally significant only
for leisure activity (p = 0.06), such that
each hour spent daily in moderate-to-heavy
leisure activities instcad of at sleep/rest
was associated with an increased risk of 20
percent.

Results were comparable when we ex-
cluded six cases diagnosed within 1 year of
examination 4 when physical activity was
assessed. When we restricted analysis to
postmenopausal breast cancer, the results
also were similar aithough trends were less
consistent.

DISCUSSION

Physical activity was not associated with
a reduced risk of breast cancer in this cohort;
if anything, the results suggest a positive re-
lation. The reason for this finding is unclear.
The majority of epidemiologic studies have
found an inverse (1, 4) or null (2) association
between physical activity and breast cancer
in women. The only other published report
of a positive relation was for premenopau-
sal breast cancer in the study by Albancs
et al. (3), in which the most active women
had a nonsignificant, increased risk. These
women, however, had a nonsignificant,
lower risk of postmenopausal breast can-
cer. In our study, the vast majority of
cases (91 percent) occurred among post-
menopausal women. Although most ani-
mal studies indicate that there is a protec-
tive effect of cxercise on mammary
carcinogenesis (18-21), the enhancement
of mammary carcinogenesis in rats by
moderate aerobic exercise also has been
reported (22, 23).

Strenuous physical activity is associated
with an increase in luteal phase defects and
anovulation (24-26), and depressed blood
estradiol levels (26--30) have been reported
for amenorrheic athletes. Recreational and
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’ TABLE 3. Relative risk of breast cancer by quartile of the physical activity index* in the Framingham
: Heart Study (1954-1384)
Physical activity Age-adjusted modelf Full model§

- index by Relative N Relative o p
t quartiiet risk 95% Cll va,i)ue risk 95% C value
' 1 (low) 1.0 1.0

2 1.3 0722 0.38 1.2 0.7-2.1 0.52

3 1.3 0.7-23 0.37 1.3 0.7-2.4 0.39

4 (high) 1.5 0.8-2.6 0.16 1.6 0.9-2.9 0.13

* Physical activity index = sleep/rest hours X 1.0 + sedentary hours X 1.1 + slight activity hours X 1.5 + moderate activity hours

% 2.4 + heavy activity hours X 5.0.

+ Quartile cutpoints: 1 = 25-28, 2 = 29-30, 3 = 31-32, 4 =

33--54.

t Relative risks from a proportional hazards model with age as the underlying time variable.
§ Relative risks from a proportional hazards model with age as the underlying time variable, stratifying on age at examination 4,
number of pregnancies, and menopausal status and including age at first pregnancy, education, occupation, and alcohol ingestion

as covariates.
[ CI, confidence interval.

TABLE 4. Relative risk of breast cancer related

io replacing 1 hour of sleep/rest daily with 1 hour
of leisure or occupational activity at the specified
jevel in the Framingham Heart Study (1954-1984)

Activity Rolalve gswort 0

Leisure

Sedentary to slight 11 08-1.3 047

Moderate to heavy 1.2 1.0-1.6 0.06
Qccupational

Sedentary to slight 1.0 0.8-1.2 0.99

Moderate to heavy 1.1 09-1.3 0.50
Total

Sedentary to slight 1.0 0.9-1.2 063

Moderate to heavy 1.1 09-13 022

* Relative risks from two proportional hazards models with
age as the underlying time variable, stratifying on age at ex-
amination 4, number of pregnancies, and menopausal status
and including age at first pregnancy, education, occupation, and
alcohol ingestion as covariates. In the first model, hours at lei-
sure and occupational activity were specified separately, and in
the second model they were combined to provide an estimate
for total activity.

t Cl, confidence interval.

submaximal activities also have been asso-
ciated with disturbed ovarian function (31)
and alterations in serum hormone jevels
(31-37). At submaximal levels, the effect of
acute endurance exercisc on serum hor-
mones depends on the intensity and duration
of exercise and the woman’s conditicning,
and transient decreases (37) and increases
(32-36) in blood estrogen levels have been
reported. Resting serum estradiol levels
were lower in recreational athletes com-
pared with those in sedentary women in a
cross-sectional study (31). In a prospective
study (38), however, 1 year of moderate

aerobic training did not alter the serum es-
tradiol levels significantly from those at
baseline.

Most of the women in our cohort did not
participate in strenuous activities. Those
who were active generally participated in
activities with moderate intensity levels (de-
fined as activities requiring effort greater
than walking but less than running). It is
likely that such moderate activity in our co-
hort, if anything, would have lowered basal
serum estrogen levels. Since estrogens are
believed to enhance the development and
growth of breast cancers (39), an endocrine
mechanism does not readily explain the
slightly higher risk of breast cancer that we
observed in more active women.

Free radicals damage DNA and may play
a role in carcinogenesis (40). Although
physical activity results in the generation of
free radicals (41), the significance of this
effect in human cancer is unclear. If it were
important, a positive association between
physical activity and cancer at numerous
sites would be expected. However, physical
activity has been reported to have a null or
inverse association with cancer at most sites
(2, 3, 42).

Active women differ from sedentary
women in numerous characteristics (43),
and physical activity in our cohort could be
related to breast cancer indirectly through its
correlation with one or more other traits. Al-
though we adjusted our analyses for the ma-
jor breast cancer risk factors except family
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history, which was unavailable, a substantial
portion of breast cancers cannot be ac-
counted for by known risk factors (44). Fur-
thermore, we were unable to adjust for any
dietary differences that may have existed be-
tween active and sedentary individuals.
Physical activity has been reported to alter
some individuals’ food consumption (45),
and diet has been hypothesized to be asso-
ciated with breast cancer by some investi-
gators (46) but not others (47).

The questionnaire used in this study
grouped activities by intensity level and as-
certained the number of hours per day usu-
ally spent at each level. The questionnaire
may not have been accurate enough to cor-
rectly classify participants by physical ac-
tivity level. Although misclassification gen-
erally biases results toward the null, in some
instances it can reverse the direction of an
association (48-50).

We performed our analyses using a single
physical activity estimate obtained at exami-
nation 4. Physical activity also was esti-
mated at examinations 11 and 12 that were
conducted 1416 years later. Rank correla-
tions between the physical activity esti-
mated at examination 4 and that at the two
later examinations, 0.25 and 0.18, respec-
tively, were low, suggesting that the relative
activity levels of the women changed during
the follow-up period. Too few breast can-
cers, however, occurred after these later es-
timates to examine the relation of more re-
cent physical activity to breast cancer.

In conclusion, our findings do not support
a protective effect of moderate-to-heavy
physical activity during adulthood for breast
cancer but suggest an increased risk among
more active women. Because only a few
women participated in heavy activities, we
cannot make inferences about the relation of
more strenuous activity to breast cancer risk.
Additionally, our study was limited to
adults, and thercfore, we could not assess the
relation of physical activity at other times of
life, such as during adolescence, with breast
cancer risk. Future research should address
how physical activity at various intensity

levels during different stages of life is re-
lated to breast cancer risk.
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