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Summary We examined the relation between physical activity and endometrial cancer using data from a
multicentre case-control study involving 405 endometrial cancer cases and 297 population controls. Estimates
of recreational (i.e. active sport, walks and hikes) and nonrecreational activity (i.e. house cleaning, climbing
stairs and walking or standing on the job) were obtained using interview information.

After adjustment for age, study area, education, parity, years of use of oral contraceptives, years of use of
menopausal oestrogens and cigarette smoking, recent recreational inactivity was associated with increased risk
(RR = 1.9 for lowest vs highest tertile). Similarly, recent nonrecreational inactivity was associated with
increased risk (RR = 2.2 for lowest vs highest tertile). Further adjustment for body mass and nonrecreational
activity attenuated the association between risk and recent recreational inactivity (RR = 1.2; 95%
CL = 0.7-2.0) but adjustment for body mass and recreational activity did not alter the association between
risk and recent nonrecreational inactivity (RR = 2.0; 95% CL = 1.2-3.1).
To evaluate the relation between risk and sustained inactivity, we simultaneously examined activity levels at

three periods (i.e. age 20-29, age 30-39 and recently) in women age 50 and older. After adjustment for
potential confounders and body mass, risk was elevated among women who were always recreationally
inactive (RR= 1.5 for always active vs always inactive) and among women who were always nonrecreationally
inactive (RR= 1.6 for always active vs always inactive).

This study suggests that physically inactive women may be at increased risk of endometrial cancer because
they are more likely to be overweight or obese. Our data also suggest that inactivity per se may be associated
with an increased risk of endometrial cancer. However, we cannot rule out the possibility that our results,
particularly those for nonrecreational activity, reflect unmeasured confounding factors. Future studies should
attempt to obtain more detailed assessments of physical activity, including the intensity with which an
individual engaged in an activity and the actual time involved in exertion.

Overweight women, particularly those with upper body
obesity, have a markedly increased risk of endometrial cancer
(Kelsey & Hildreth, 1982; Swanson et al. in press). This
association is thought to be mediated in postmenopausal
women by excess endogenous oestrogen exposure, resulting
from the enhanced conversion of androstenedione to oes-
trogens in adipose tissue (Siiteri, 1987).

Physical inactivity is known to be involved in the develop-
ment and maintenance of excess body weight (King & Trib-
ble, 1991). It is therefore reasonable to suspect that physical
inactivity would increase the risk of endometrial cancer
through hormonal mechanisms mediated by obesity. Inactive
women have also been shown to have higher serum oestrogen
levels than active women, even after taking differences in
body weight into account (Cauley et al., 1989). It is therefore
plausible that physical inactivity could also increase endo-
metrial cancer risk through hormonal mechanisms that do
not involve obesity.

In a case-control study of endometrial cancer, we collected
interview data for different age decades on frequency of
participation in specific physical activities, such as walking
and active sports. This information enabled us to evaluate
the relation between recent and lifetime physical activity and
endometrial cancer risk.

Methods

Detailed information on the selection of cases and controls
and other study methods are presented elsewhere (Brinton et
al., 1993). Briefly, 498 residents of defined geographic regions
between the ages of 20 and 74 years with incident and
histologically confirmed endometrial cancer diagnosed
between 1987 and 1990 at seven participating hospitals were
identified. The defined geographic catchment areas were:
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Chicago, IL; Hershey, PA; Irvine and Long Beach, CA;
Minneapolis, MN; and Winston-Salem, NC.
Random digit dialing techniques were used to select con-

trols for cases under the age of 65 whereas older controls
were selected using information provided by the Health Care
Financing Administration. We attempted to select one con-
trol for each case, matched for age (5-year age groups), race,
and location of residence (telephone exchange or zip code). A
total of 213 initially selected controls who were identified
during a telephone screening interview as having undergone a
hysterectomy were replaced with other eligible controls. No
suitable controls were identified for 21 cases.

Trained interviewers completed home interviews on 87%
of the eligible cases and 66% of the 477 eligible controls.
Eligible subjects who could not be interviewed were not
replaced. Reasons for nonresponse included refusal (5% of
cases vs 22% of controls), communication problems (4% vs
3%), inability to locate (0.2% vs 3%), death (1% vs 1%),
and other problems (1% vs 5%). In addition, physician
consent was not obtained for 2.0% of the cases. Cases with
non-epithelial tumours and their matched controls were ex-
cluded from the analytic sample because of possible
differences in etiology by histologic type (Schwartz et al.,
1989). The final dataset consisted of 405 cases of epithelial
endometrial cancer and 297 controls.
A structured interview, on average 60 min in length, was

administered to obtain information on hypothesised risk fac-
tors, including demographics, pregnancy history, menstrual
history, contraceptive behaviour, use of exogenous hormones,
changes in body weight, diet and alcohol intake, family
history of cancer, medical events, and physical activity. The
dietary section consisted of 60 food items and provided an
estimate of usual adult caloric intake and intake of specific
nutrients (Potischman et al. in press). Anthropometric
measurements, including waist-to-thigh circumference ratio as
a measure of intra-abdominal fat (Ashwell, 1985), were also
taken at the time of interview. The waist circumference was
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measured at the level of the umbilicus and the thigh cir-
cumference was measured at the one-third of the distance
from the proximal border of the patella to the anterior iliac
spine (Swanson et al. in press).

Information on physical activity was also elicited by asking
women to report how often (nearly every day, nearly every
week, sometime or rarely/never) for each decade of life from
ages 20-29 to 70-79, they performed the following five
activities: (1) active housecleaning, such as scrubbing floors
or washing windows; (2) climbing three or more flights of
stairs; (3) taking walks or hikes; (4) active sports, such as
tennis, bike riding or jogging; and (5) working at a job that
involved standing or walking more than one half the time.

Recreational activity was computed for each decade of life
by summing the frequency with which women took walks or
hikes or participated in active sports (taken as 3 for nearly
every day, 2 for nearly every week, 1 for sometimes and 0 for
rarely or never). Nonrecreational activity was computed for
each decade of life by summing the frequency with which
women engaged in housecleaning, stair climbing or working
at a job that involved walking or standing more than half the
time. Recent recreational and nonrecreational activity,
defined as activity during the age decade preceding the one in
which the cancer was diagnosed and a comparable age
decade among controls, were also computed. All indices were
stratified into tertiles based on the frequency distribution in
the control group. None of the indices were sensitive to
changes in the weighting factors for frequency of specific
activities.
Summary indices of lifetime recreational and nonrecrea-

tional activity were also created for women age 50 and older
by classifying them into four categories according to their
level of activity at three time periods simultaneously, age
20-29, 30-39 and recently. The four categories were: (1)
always in active tertile; (2) always in intermediate tertile; (3)
always in inactive tertile; and (4) all other combinations.

Finally, assessments of physical activity were obtained by
asking women for each decade of life from ages 20-29 to
70-79, 'compared to other women in the same age group,
how physically active did you consider yourself to be: very
active, fairly active, average, fairly inactive or very inactive'?
Recent activity and a summary lifetime index for women age
50 and older were derived as described above. In addition, an
average activity level was computed by summing activity
level (very active taken as 1, fairly active taken as 2, and so
on), and dividing by the total number of age decades, ex-
cluding the current one. This index was stratified into quin-
tiles based on the frequency distribution in the controls.
Adjusted maximum likelihood relative risk estimates (RR)

and 95% confidence limits (CL) were derived using uncondi-
tional logistic regression techniques (Breslow & Day, 1980).
Risk factors identified in this study, adjusted for each other,
included education (RR = 2.0 for > 16 vs < 12 years), early
age at menarche (RR = 2.8 for < 12 vs > 15 years),
menopausal oestrogen use (RR = 15.3 for > 10 vs 0 years),
diabetes (RR = 1.6), saturated fat intake (RR = 2.0 for
highest quartile), current body mass index (weight/height2)
(RR = 3.2 for > 32 vs < 25) and waist to thigh cir-
cumference (RR = 2.7 for highest quartile). Factors assoc-
iated with reductions in risk included parity (RR = 02. for
> 5 vs 0 births), cigarette smoking (RR = 0.3 for current vs
nonsmokers), and oral contraceptive use (RR = 0.4 for >5
years vs none). Type of menopause and age at natural
menopause were unrelated to risk (Brinton et al., 1993).

Results

Relation between recent activity measures and suspected risk
factors
Compared to recreationally inactive women, recreationally
active women were better educated, were thinner, had more
children and were more likely to have used oral contracep-
tives and menopausal oestrogens, but were less likely to be
diabetic or to currently smoke cigarettes (Table I). Compared

Table I Relation between recent physical activity indices and
suspected endometrial cancer risk factors

Recreational Nonrecreational
Number of % in active % in active

Risk factors controlsb tertile tertile

Education (year)
< 12 167 16.2 30.5
> 12 127 34.7 35.4

Body mass index (kg rn-2)
< 25 147 26.5 33.3
25-29 86 25.6 32.6
> 30 59 20.3 33.9

Parity
0 28 14.3 14.3
> 1 269 25.7 34.9

Cigarette use
Never 173 24.3 34.7
Former 67 34.3 40.3
Current 57 14.0 19.3

Oral contraceptive user
Yes 106 37.7 33.0
No 191 17.3 33.0

Menopausal estrogens usera
Yes 32 28.1 31.7
No 208 20.7 31.3

Prior diabetes
Yes 21 19.1 28.6
No 276 25.0 33.3

Age at menarche
< 13 117 23.9 29.1
>13 178 25.3 36.0

Saturated fat intake
QI (low) 74 24.3 25.7
Q2 73 21.9 27.4
Q3 75 24.0 38.7
Q4 (high) 74 27.0 40.5

Cnamnlpy rqrhnhvAlrqte intnl-p%_,VIIIJlUA Udwl UVIIUL7U IIXLUKC:
QI (low) 74 23.0 24.3
Q2 74 21.6 28.4
Q3 74 29.7 37.8
Q4 (high) 74 23.0 41.9

aRestricted to women >50 years. bNumber of controls does not
always add to 297 because of missing values.

to nonrecreationally inactive women, nonrecreationally active
women were better educated, had more children, and had a
higher intake of saturated fats and complex carbohydrates
but were less likely to be diabetic or to currently smoke
cigarettes. Nonrecreationally active women were similar in
hormone use and body mass to nonrecreationally inactive
women.

Because of their potential confounding effects, all analytic
models included age, study area, years of education, parity,
cigarette smoking, years of use of oral contraceptives, and
years of use of menopausal oestrogens. Adjustment for age at
menarche, saturated fat intake, complex carbohydrate intake
and diabetes, alone or simultaneously, did not change any of
the risk estimates presented in the text.

Because body mass may be an intervening variable in the
association between physical activity and endometrial cancer
risk, RRs for the various activity indices are also presented
adjusted for this factor. Further adjustment for waist to thigh
circumference or finer categorisation of the body mass index
did not change the risk estimates presented in the text.

Relation between risk and recent specific activities

Risk estimates for endometrial cancer according to varying
levels of participation in recent activities are shown in Table
II. After adjustment for confounders, risk was increased
among women who rarely or never engaged in house clean-
ing, climbing stairs, or walks or hikes. Risk also tended to be
somewhat elevated among women who rarely or never
engaged in active sports or in walking or standing on the job.
Further adjustment for body mass attenuated the associa-
tions between risk and walks or hikes (RR = 1.4) and active
sports (RR = 1.2), but had little effect on the other associa-
tions.
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Table II Relation between recent participation in specific activities and
endometrial cancer risk

Adjusted' Adjuste&'b
Type of activity Cases Controls RR RR (95% CL)
House clean

Daily 61 44 1.0 1.0
Weekly 183 159 0.8 0.7 (0.4- 1.2)
Sometimes 99 81 0.8 0.7 (0.4- 1.2)
Rarely/never 56 13 2.6 2.2 (1.0- 5.5)

Climb stairs
Daily 184 175 1.0 1.0
Weekly 40 27 1.3 1.3 (0.7-2.5)
Sometimes 46 42 1.2 1.1 (0.6- 1.9)
Rarely/never 129 53 2.4 2.0 (1.3-3.3)

Walk or hike
Daily 95 84 1.0 1.0
Weekly 88 78 1.0 0.9 (0.5- 1.5)
Sometimes 109 79 1.3 1.1 (0.7-1.8)
Rarely/never 106 56 2.0 1.4 (0.8-2.3)

Active sports
Daily 23 17 1.0 1.0
Weekly 68 47 1.3 1.3 (0.5-3.0)
Sometimes 59 59 1.0 0.9 (0.4-2.2)
Rarely/never 249 174 1.6 1.2 (0.5 -2.7)

Walk or stand on job
Daily 139 128 1.0 1.0
Weekly 21 21 0.9 0.8 (0.4- 1.7)
Sometimes 25 29 0.7 0.7 (0.3- 1.3)
Rarely/never 214 119 1.4 1.4 (1.0-2.1)
aAdjusted for age, study area, education (< 12, 12, 12 -15, > 16),

parity (0,1 -2, 3 -4, > 5), years of use of oral contraceptives (none,
<10, > 10), years of use ofmenopausal oestrogens (none, <10, > 10)
and cigarette smoking (never, former, current). bAdjusted for current
body mass (<25, 25 -28, 29- 31, >32).

Relation between risk and recent activity indices

Adjusted risk estimates according to the level of recent
recreational and nonrecreational activity are presented in
Table III. Compared to recreationally active women, recrea-
tionally inactive women had an adjusted 2-fold increase in
risk. Additional adjustment for body mass index attenuated
this association to 1.3 (95% CL = 0.8-2.2). Further adjust-
ment for nonrecreational activity lowered this association to
1.2 (95% CL = 0.7 -2.0).
Compared to nonrecreationally active women, nonrecrea-

tionally inactive women also had an adjusted 2-fold increase
in risk. Further adjustment for body mass, recreational
activity, or both did not have an appreciable impact on this
estimate.

Similar conclusions to those presented in Table III were
obtained when the recent activity indices were categorised
into quintiles. After adjustment for confounders, nonrecrea-
tional activity, and body mass, relative risks and 95% CL
from the most to least active recreational quintile were: 1.0,
0.9 (0.5-1.6), 1.1 (0.6-1.9), 1.3 (0.7-2.3), and 1.2 (0.7-2.2).

Table III Relation between recent physical activity and endometrial
cancer risk

Adjusted' Adjusted&
Measure Cases Controls RR RR (95% CL)

Recreational activity
Active 83 73 1.0 LOc
Average 148 122 1.2 1.0 (0.6-1.5)
Inactive 167 102 1.9 1.2 (0.7-2.0)
Unknown 7 0

Nonrecreational activity
Active 83 98 1.0 l.0'
Average 126 110 1.3 1.2 (0.8-2.0)
Inactive 190 89 2.2 2.0 (1.2 -3.1)
Unknown 6 0

aAdjusted for age, study area, education, parity, years of use of oral
contraceptives, years of use of menopausal oestrogens and cigarette
smoking. bAdjusted for current body mass. cAdjusted for non-
recreational activity. dAdjusted for recreational activity.

Comparable relative risks and 95% CL from the most to
least active nonrecreational quintiles were: 1.0, 2.9 (1.4-6.1),
2.5 (1.3-5.0), 3.2 (1.5-6.9) and 4.4 (2.1-8.8).
The combined effects of recreational and nonrecreational

activity on risk, adjusted for body mass index and other risk
factors, are presented in Table IV. Compared to women who
were recreationally and nonrecreationally active, the risk of
women who were recreationally and nonrecreationally inac-
tive was 2.7 (95% CL = 1.2-6.3). This estimate is close to
what would be expected assuming no interaction under an
additive model.
To evaluate the effect of physical activity on risk in

premenopausal women, separate analyses examined the rela-
tion between recent activity and risk in the 83 premenopausal
cases and 96 premenopausal controls. Adjusted relative risks
and 95% CL from the most active to the least active tertile
of recreational activity were 1.0, 1.6 (0.6- 3.7), and 2.0
(0.7-5.2). After additional adjustment for body mass, the
comparable risk estimates and 95% CL were 1.0, 1.5
(0.6-3.7) and 1.3 (0.7-5.2). Adjusted relative risks from the
most active to least active tertiles of nonrecreational activity
were 1.0, 1.1 (0.4-3.0) and 1.6 (0.6-4.1). After additional
adjustment for body mass, the comparable risk estimates and
95% CL were 1.0, 1.3 (0.5-3.7) and 1.5 (0.5-4.1). Results
from separate analyses on postmenopausal women were
similar to those presented in Table III.

Relations between risk and lifetime physical activity
To evaluate the effect of sustained physical inactivity on risk,
we simultaneously examined activity levels at three periods
(ages 20-29, 30-39 and recent) among women age 50 and
older (Table V). Compared to women who were always
recreationally active at each of the three time periods, the
adjusted risks for women who were always intermediate in
activity and women who were always inactive were 1.1 and
2.2, respectively. Further adjustment for body mass atten-
uated this association as follows: 1.0, 0.9 (95% CL =
0.5-1.9) and 1.6 (95% CL = 0.8-3.4). As shown in Table V,
additional adjustment for lifetime nonrecreational activity
had no appreciable effect on these risk estimates.
Compared to women who were nonrecreationally active at

each of the three times periods, the adjusted relative risks for
women who were always intermediate and always inactive
were 1.6 and 1.8, respectively. Additional adjustment for
body mass index attenuated this association as follows: 1.0,
1.3 (95% CL = 0.6-2.9) and 1.7 (95% CL = 0.8-3.6). As
shown in Table V, further adjustment for lifetime recrea-
tional activity had no appreciable effect on these risk
estimates. Detailed analyses on the two miscellaneous groups
of women who changed their level of activity over time were
not possible because too few women had the same pattern of
change in activity level.

Possible interactive effects of lifetime physical activity level and
body mass

Possible interactive effects of physical activity and body mass
were also investigated (Table VI). Risk of endometrial cancer

Table IV Combined association between recent recreational activity,
nonrecreational activity and endometrial cancer riska

Nonreactional Recreational activity
activity Active Average Inactive
Active 1.0 1.0 1.4

(0.4-2.2) (0.6-3.6)
[19,28] [33,46] [31,24]

Average 1.2 1.8 1.2
(0.5-2.8) (0.8-4.1) (0.5-2.8)
[34,33] [51,38] [41,39]

Inactive 2.6 1.5 2.7
(1.0-7.1) (0.7-3.8) (1.2-6.3)
[30,121 [64,38] [95,39]

aAdjusted for age, study area, education, parity, years of use of
menopausal oestrogens, years of use of oral contraceptives, cigarette
smoking and current body mass.



PHYSICAL ACTIVITY AND ENDOMETRIAL CANCER RISK 587

Table V Relation between endometrial cancer risk and activity at three time periods: ages
20-29, ages 30-39 and recenta

Adjustedb Adjustedb c

Activity (20-29, 30-39, recent) Cases Controls RR (95% CL) RR (95% CL)
Recreational activity

Active, Active, Active 37 29 1.0 1.0d
Average, Average, Average 61 61 1.1 0.9 (0.5-1.9)
Inactive, Inactive, Inactive 79 50 2.2 1.5 (0.7-3.2)
All other combinations' 155 102 1.6 1.4 (0.7-2.6)

Nonrecreational activity
Active, Active, Active 32 35 1.0 1.e
Average, Average, Average 41 30 1.6 1.2 (0.6-2.7)
Inactive, Inactive, Inactive 70 35 1.8 1.6 (0.7-3.3)
All other combinations' 190 142 1.4 1.2 (0.6-2.2)
aRestricted to women age > 50. bAdjusted for age, study area, education, parity, years of use

of oral contraceptives years of use of menopausal oestrogens and cigarette smoking. cAdjusted
for current body mass. dAdjusted for nonrecreational activity. 'Adjusted for recreational
activity. 'Miscellaneous group of women who changed activity levels.

Table VI Combined effects of current body mass and lifetime activity at ages
20-29, 30-39 and recently on endometrial cancer riskab

Body mass index
Lifetime (20-29, 30-39, recent) <25 25-28 >28
Recreational

Active, Active, Active 1.OC 0.3 2.1
(0.1-8.9) (0.5-8.6)

[21,14] [6,10] [10,5]
Average, Average, Average 0.4 0.7 3.0

(0.2-1.2) (0.2-2.2) (1.0-8.8)
[18,33] [11,16] [32,12]

Inactive, Inactive, Inactive 0.7 2.4 4.1
(0.3-2.1) (0.6-9.5) (1.5-11.3)
[20,29] [9,6] [50,15]

Nonrecreational
Active, Active, Active L.0c 1.1 3.6

(0.2-4.7) (1.1 -12.2)
[11,20] [5,7] [16,8]

Average, Average, Average 1.1 1.5 6.9
(0.3-3.5) (0.3-8.6) (2.1-23.1)
[14,17] [3,6] [24,7]

Inactive, Inactive, Inactive 2.3 2.1 4.3
(0.8-6.9) (0.6-7.5) (1.2- 13.5)
[30,17] [13,9] [27,9]

cases, controls; ( ) 95% confidence limits. aRestricted to women age > 50.
bAdjusted for age, study area, education, parity, years of use of oral contraceptives
and years of use of menopausal oestrogens and cigarette smoking. CReference
category.

associated with sustained recreational inactivity was limited
to women with a body mass of 25 kgm2 or greater. In
contrast, risk of endometrial cancer associated with sustained
nonrecreational inactivity was present in every stratum of
body mass. A similar pattern was observed when this
analysis was repeated using recent recreational and
nonrecreational activity data (not presented).

Relation between risk and a single assessment ofphysical
activity

Finally, we examined the relation between risk according to
responses to a single question assessing physical activity
(Table VII). After adjustment for confounders, risk was in-
creased among the few women who were recently very in-
active (RR = 3.5). Further adjustment for body mass
attenuated this association to 2.5 (95% CL = 0.7-8.7). How-
ever, no consistent association was observed between risk
and either lifetime or average physical activity level measured
in this manner.

Discussion

In summary, we found an association between risk and
recent recreational inactivity (active sports and walks or

hikes) that was largely explained by the tendency for recrea-
tionally inactive women to be overweight or obese. However,
a small association between risk and sustained recreational
inactivity appeared to persist even after adjustment for body
mass. Closer examination showed that this association was
restricted to heavier women. We also found associations
between risk and recent and sustained nonrecreational inac-
tivity (house cleaning, stair climbing and walking or standing
on the job) that were not explained by body mass.
The most likely explanation for excess body mass being

largely responsible for the association between recreational
inactivity and risk is that physical inactivity contributes to
obesity (King & Tribble, 1991), which in turn, increases the
risk of endometrial cancer (Kelsey & Hildreth, 1982; Swan-
son et al., in press). However, it is possible that recreational
inactivity is a marker for obesity, that is, heavier women
become inactive. In the present study, risk was increased
more than 7-fold for women weighing more than 200 lbs
compared to women weighing less than 125 lbs (Brinton et
al., 1993). Elevated oestrogen levels may account for the
incresed risk in obese postmenopausal women, while pro-
gesterone deficiency may be more important in obese
premenopausal women (Siiteri, 1987; Key & Pike, 1988).
The finding that the association between recreationally

inactivity and risk was limited to heavier women may
indicate the presence of incomplete adjustment for factors
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Table VII Relation between endometrial cancer risk and global assessment of
physical activity

Adjusted Adjusted
Global activity Cases Controls RRb RRbc

Recent activity
Very active 90 84 1.0 1.0
Fairly active 125 80 1.4 1.4 (0.9-2.3)
Intermediate 109 97 1.1 1.0 (0.6-1.6)
Fairly inactive 58 32 1.5 1.1 (0.6-2.0)
Very inactive 17 4 3.5 2.5 (0.7-8.7)

Average lifetime activity
QI Active 73 59 1.0 1.0
Q2 39 39 0.8 0.7 (0.4- 1.4)
Q3 120 89 1.5 1.3 (0.8-2.2)
Q4 93 75 1.2 1.0 (0.7-1.7)
Q5 Inactive 80 35 1.9 1.4 (0.7-2.6)

Lifetime activity (ages 20-29, ages 30-39, recent)a
Always very active 66 61 1.0 1.0
Always fairly active 43 21 1.8 1.5 (0.7-3.2)
Always average 48 39 1.1 1.1 (0.6-2.1)
Always fairly inactive 10 3 1.9 1.7 (0.4-7.7)
Always very inactive 1 1 1.7 1.9 (0.1-41.5)
All other combinationsd 171 117 1.4 1.1 (0.7-1.9)

"Restricted to women age > 50 years. bAdjusted for age, study area, education,
parity, years of use of oral contraceptives, years of use of menopausal oestrogens,
and cigarette smoking. cAdjusted for current body mass. dMiscellaneous group of
women who changed activity levels.

related to obesity. For example, the higher risk of endomet-
rial cancer in active heavy women compared to inactive
heavy women have less body fat than inactive heavy women,
even for the same level of body mass. On the other hand, one
might expect adverse effects of inactivity to be most apparent
among overweight and obese women if, as has been sug-
gested (Levi et al., in press), physical activity increases the
metabolism of endogenous oestrogens to less hazardous
forms (Levi et al., in press).

Nonrecreational inactivity was associated with an increase
in risk that was not accounted for or modified by excess
body mass. This observation suggests that physical inactivity
may influence risk through pathways that do not directly
involve obesity. A recent study that examined serum levels of
oestrogens among postmenopausal women lends some sup-
port to this hypothesis (Cauley et al., 1989). After taking
differences in body mass into account, Cauley and colleagues
(1989) observed that serum oestrogen levels were lower
among more active women than among less active women.
However, it is not obvious why recreational exercise would
alter endometrial cancer risk primarily through its effects on
body mass whereas nonrecreational activity would operate
through a different mechanism. However, we note that
nonrecreational activities tend to be maintained at moderate
intensity whereas recreational exercise tends to be intermit-
tent at high intensity.
There are several limitations of this study which need to be

discussed. First, there is a possibility that the lower activity
among cases reflects a change in response to symptoms of
overt or preclinical illness. We attempted to address this issue
by excluding information on activity during the age decade
preceding the one in which endometrial cancer was diagnosed
and a comparable time period in controls. In addition, the
study of endometrial cancer may be less problematic than
other cancers because in most instances the disease is
detected at early stage. Finally, results were similar to those
presented when we excluded women with later stage disease
(data not presented).
Another limitation of this study is the low interview res-

ponse rate among the controls. If controls who were
physically inactive were disproportionately less likely to be
interviewed than cases, this could result in a spurious associa-
tion between physical inactivity and endometrial cancer risk.
It is somewhat reassuring, however, that findings from this
study with respect to generally accepted endometrial cancer
risk factors (Brinton et al., 1993), including body mass index,

are similar to those reported in previous studies (Kelsey &
Hildreth, 1982).
A third limitation of this study is that the assessment of

physical activity was based only on a brief interview instru-
ment, covering several selected aspects of physical activity.
Because we relied on self-reported data and did not collect
detailed information on the frequency of participation in
specific activities, it is likely that some women have been
misclassified with respect to activity level. However, this type
of misclassification would tend to obscure an underlying
association rather than produce a spurious one.
A fourth more serious concern is that the association

between nonrecreational activity and risk may be due to
confounding by unmeasured lifestyle factors. Although
differences in known risk factors, such as cigarette smoking,
nulliparity and hormone use, did not account for the results
for nonrecreational activity we cannot dismiss the role of
other behaviours. One component of this measure was
whether women walked or stood on their jobs. However,
since the women classified as inactive on this measure
included retired individuals, those who never worked outside
the home, as well as those who were truly inactive on their
jobs, it is difficult to assess the meaning of the association.
One other component of this measurse was frequency of
house cleaning, which could reflect a variety of social class
factors. It is, however, reassuring that the remaining compo-
nent of nonrecreational activity, namely climbing stairs, did
appear to influence risk, especially since this aspect of activity
has been found to be associated with risk of other disease
outcomes, such as diabetes (Helmrich et al., 1991). Further-
more, some support for our findings for nonrecreational
activity are provided by an analysis of cancer incidence data
from the US National Health and Nutritional Survey cohort
(Albanes et al., 1989). Albanes and colleagues (1989) found
that nonrecreational inactivity was associated with a modest
increase in risk of all cancers combined, after adjustment for
body mass and possible confounders. In contrast, recrea-
tional exercise was unrelated to risk.
We were unable to demonstrate a convincing association

between risk and activity level measured by a single question.
Although women who reported that they were recently very
inactive were at increased risk, we have concerns about our
ability to adequately adjust for potential confounders because
few women reported being very inactive. Furthermore,
average and lifetime perceived activity measured in this man-
ner were unrelated to risk. We are inclined to conclude that
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perceived activity level, because of its subjective nature, may
be more prone to bias and misclassification than data based
on frequency of specific activities.

Interest in the possibility that endometrial cancer risk
might be elevated among physically inactive women was
generated when Frisch and colleagues (1985), in a cross-
sectional study of college alumni, found that women who
had engaged in college athletics had a lower prevalence of
reproductive cancer (cervix, endometrium, ovary and vagina
combined). Few studies have specifically examined the rela-
tion between physical activity and endometrial cancer, and
the results have been conflicting. In a study conducted in
China, Shu and colleagues (in press) found that occupational
inactivity among non-retirees was associated with an in-
creased risk of endometrial cancer but that leisure time inac-
tivity was associated with decreased risk. Adjustment for
body mass and possible confounders did not alter their
results. After adjustment for body mass and other con-
founders, a study conducted in Italy and Switzerland (Levi et
al., in press) found that endometrial cancer cases were less

likely to be physically active than hospital controls. Infre-
quent recent participation in certain activities, including
sports and leisure, occupational activity and house keeping
were associated with increased risk whereas infrequent par-
ticipation in walking or hikes and climbing stairs was not.

In summary, our data indicate that inactive women may be
at increased risk of endometrial cancer by virtue of their
tendency to be overweight or obese. There was also a sugges-
tion in our data that physical inactivity per se may increase
endometrial cancer risk, but this should be considered ten-
tative because of some inconsistencies within our own dataset
and across published studies on this topic. Further
confirmation of this finding is needed in studies that collect
detailed information on different dimensions of physical
activity, including the intensity with which an individual
engages in an activity and actual time involved in exertion. It
would also be useful to establish whether there are long term
effects of moderate physical activity on circulating hormone
levels.
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