39.

40.

41.

42.

43.

Dunstan et al Television Viewing Time and Mortality 391

sixteen years of follow-up in US women. Circulation. 2008;117: independently associated with 2-h plasma glucose. Diabetes Care.
1658-1667. i 2007;30:1384-1389.

Organization for Economic Co-Operative and Development. OECD 44. Hamilton MT, Hamilton DG, Zderic TW. Role of low energy expenditure
Communications Outlook 2007. Paris, France: OECD; 2007. and sitting in obesity, metabolic syndrome, type 2 diabetes, and cardio-
Stamatakis E, Hillsdon M, Mishra G, Hamer M, Marmot M. Television vascular disease. Diabetes. 2007:56:2655-2667,

viewing and other screen-based entertainment in relation to multiple 45. Hamilton MT, Healy GN, Dunstan DW, Zderic TW, Owen N. Too little

socioeconomic status indicators and area deprivation: the Scottish Health
Survey 2003. J Epidemiol Community Health. 2009;63:734-740.
Warburton DE, Nicol CW, Bredin SS. Health benefits of physical
activity: the evidence. CMAJ. 2006;174:801-809.

Healy GN, Wijndaele K, Dunstan DW, Shaw JE, Salmon J, Zimmet PZ,
Owen N. Objectively measured sedentary time, physical activity, and

2008;2:292-298,

metabolic risk: the Australian Diabetes, Obesity and Lifestyle Study 2006;3:A38.

(AusDiab). Diabetes Care. 2008;31:369-371. 47. Sugiyama T, Healy GN, Dunstan DW, Salmon J, Owen N. Is television
Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, viewing time a marker of a broader pattern of sedentary behavior? Ann
Owen N. Objectively measured light-intensity physical activity is Behav Med. 2008;35:245-250.

CLINICAL PERSPECTIVE

The findings from this large, national population—based cohort study indicate that 6-year mortality rates from all causes
and from cardiovascular disease causes are significantly higher with increased television viewing time in adults. Each
1-hour increment in television viewing time was found to be associated with an 11% and an 18% increased risk of all-cause
and cardiovascular disease mortality, respectively. Furthermore, relative to those watching less television (<2 h/d), there
was a 46% increased risk of all-cause and an 80% increased risk of cardiovascular disease mortality in those watching =4
hours of television per day, which were independent of traditional risk factors such as smoking, blood pressure, cholesterol,
and diet, as well as leisure-time exercise and waist circumference. Although continued emphasis on current public health
guidelines on the importance of moderate- to vigorous-intensity exercise should remain, these findings suggest that
reducing time spent watching television (and possibly other prolonged sedentary behaviors) may also be of benefit in
preventing cardiovascular disease and premature death. Furthermore, these findings suggest that in clinical practice and
public health settings, questions about television viewing time (particularly identifying whether individuals watch >4 h/d)
may assist in identifying those with elevated mortality risk.
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exercise and too much sitting: inactivity physiology and the need for new
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46. Bowman SA. Television-viewing characteristics of adults: correlations to
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Beyond Recreational Physical Activity: Examining Occupational and
Household Activity, Transportation Activity, and Sedentary Behavior

in Relation to Postmenopausal Breast Cancer Risk

{ Stephanie M. George, PhD, MPH, MA, Melinda L. Irwin, PhD, MPH, Charles E. Matthews, PhD, Susan T. Mayne, PhD, Mitchell H. Gail, MD, PhD,
Steven C. Moore, PhD, Demetrius Albanes, MD, Rachel Ballard-Barbash, MD, MPH, Albert R. Hollenbeck, PhD, Arthur Schatzkin, MD, DrPH,

and Michael F. Leitzmann, MD

Adult women in the United States aged 50 to
69 years spend on average about 8 waking
hours per day being inactive.* Recreational
physical activity has an established relation to
reduced risk of postmenopausal breast cancer®™*
as well as preventing weight gain, type 2 di-
abetes, metabolic syndrome, high blood pressure,
coronary heart disease, stroke, and early death®

However, the relationship between post-
menopausal breast cancer and physical activity
outside of recreation time, in the domains of
home, occupation, and transportation,” has
been examined less extensively. Occupational
cobort studies®® lack ideal control for potential
confounding variables, but they have tended to
support an inverse relationship between non-
recreational physical activity and breast cancer.
In some prospective cohort studies, women who,
on average, engaged in bigher levels of house-
hold activity each week had lower risk of in-
vasive breast cancer™?; in others, however, no
relationship was observed between risk of in-
vasive breast cancer and either nonrecrea-
tional™? or occupational physicel activity *'3**

At present, the extent to which sedentary -
behavior is associated with breast cancer risk
has not been examined prospectively. Seden-
tary behavior is ubiquitous in the daily routines
of modern adults™® and has emerged as a new
focus for research on physical activity and
health.®! It has been proposed that too much
sitting may be distinct from too little moderate—
vigorous recreational physical activity.'® Seden-
tary behavior may independently reduce overall
energy expenditure,?* leading to adverse effects
on insulin sensitivity, fat storage,”® and estrogen
metabolism,?* pathways that are relevant to
breast cancer development.

The study of nonrecreational physical activ-
ity and sedentary behavior in relation to breast
cancer could prove fruitful because these
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exposures have been related to risk of other
chronic conditions among women and may
work through similar pathways. Independent
of recreational moderate—vigorous physical
activity, standing and walking around the home
have been inversely associated with chronic
conditions such as obesity and diabetes,?® and
walking and bicycling to work have been in-
versely associated with all-cause mortality®—=®
and obesity. > Sedentary behavior has been
positively associated with obesity, 3% weight
gain,?® diabetes,® all-cause mortality,**~3* car-
diovascular disease mortality,*~>* cancer mor-
tality,>* and mortality from other causes.>?
Among women, television watching has been
positively associated with increases in obesity
and diabetes® Breaks in sedentary behavior
have been associated cross-sectionally with ben-
eficial changes in biomarkers of metabolic risk
such as waist drcumnference, adiposity, triglycer-
ides, and 2-hour plasma glucose.®

We explored the assaciations of occupa-
tional and household activity, transportation
activity (L.e., walking or bicycling to work),
and sedentary behavior in relation to breast
cancer risk in the National Institutes of Health
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Objectives. We prospectively examined nonrecreational physical activity and
sedentary behavior in relation to breast cancer risk among 97039 postmeno-
pausal women in the National Institutes of Health~AARP Diet and Health Study.

Methods. We identified 2866 invasive and 570 in situ breast cancer cases
recorded between 1996 and 2003 and used Cox proportional hazards regression
to estimate multivariate relative risks (RRs) and 95% confidence intervals (Cls).

Results. Routine activity during the day at work or at home that included heavy
lifting or carrying versus mostly sitting was associated with reduced risk of
invasive breast cancer {RR=0.62; 95% Cl=0.42, 0.91; Pieng=-024).

Conclusions. Routine activity during the day at work or home may be related
1o reduced invasive breast cancer risk. Domains outside of recreation time may
be attractive targets for increasing physical activity and reducing sedentary
behavior among postmenopausal women. (Am J Public Health. 2010;100:
2288-2295. doi:10.2105/AJPH.2009.180828)

(NIH)-AARP Diet and Health Study. We hy-
pothesized that (1) occupational and household
activity and transportation activity are in-
versely associated with risk of invasive breast
cancer and (2) sedentary behavior is positively
associated with risk of invasive breast cancer.
We planned a priori to explore these hypoth-
eses for in situ breast cancer as well.

METHODS

The NIH-AARP Diet and Health Study>®
was initiated in 1995 and 1996 with the mailing
of a self-administered questionnaire to 3.5 mil-
lion AARP members aged 50 to 71 years from 6
US states (California, Florida, Louisiana, New
Jersey, North Carolina, and Pennsylvania) and 2
metropolitan areas (Atlanta, Georgia, and Detroit,
Michigan). In 1996 and 1997, a second ques-
tionnaire was sent to selected respondents who
did not have selfreported breast, prostate, or
colorectal cancer at baseline to collect more
detailed information on risk factors for cancer
(e.g,, recreational physical activity, occupational
and household activity, transportation activity,
sedentary behavior, and reproductive factors).
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Among the 566 402 respondents who filled
- out the baseline survey in satisfactory detail
. and consented to be in the study, 226 733
. were women. Of those women, 138057 com-
pleted the second questionnaire as well, and
129095 had known postmenopausal status. Of
those with known postmenopausal status, we
excluded women who indicated they were
proxies for the intended respondents on the
baseline questionnaire or second questionnaire
(n=1505). Because women with prevalent
cancer at baseline (or second questionnaire)
may have recently altered their physical activ-
ity ‘ehavior patterns subsequent to cancer
diagnosis, we also excluded those with preva-
lent or self-reported cancer other than non-
melanoma skin cancer at the baseline ques-
tionnaire or the second questionnaire
n=8699). We also excluded women whose
death record listed cancer as cause of death but
who had no confirming cancer registry record
n="721). '

We further excluded women who were
missing data on nonrecreational physical ac-
tivity or sedentary behavior (n=4894) or
covariate data (n=12 601) (because of possible
biased estimation of relative risks [RRs} when
correcting for missing values of confounding
variables®”%8), as well as women with extreme
values of body mass index (BMI; n=2890) or
energy intake (n=656). Extreme values were
defined as log-transformed values of 2 or more
interquartile ranges below the 25th percentile or
above the 75th percentile. After exclusions, our
analytic cohort consisted of 97 039 women.
Postmenopausal women who were excluded
from the study because of missing or outlier data
did not differ substantially from those women
who were induded in terms of probability of
invasive (3.0% vs 2.7%) or in situ breast cancer
(0.5% vs 0.6%).

Cancer Ascertainment

In 2007, incident breast cancer cases through
. December 31, 2003, were identified through
> linkage with 11 state cancer registry databases,
certified by the North American Association of
Central Cancer Registries as meeting the highest
©  standards for data quality.®® The case ascer-

* tainment method used in the study identified
90% of cancer cases in our cohort>®

For each incident breast cancer case, dates
of diagnosis and tumor characteristics were
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obtained from the cancer registries. We con-
sidered as incident first primary breast cancer
cases those that were invasive or in situ and
that were also the first malignancy diagnosed
during the follow-up period (though December
31, 2003), if multiple cancers were diagnosed
in the same participant.

Assessment of Nonrecreational Physical
Activity, Sedentary Behavior, and
Covariates

On the baseline questionnaire, participants
in our cohort were also asked to select their
current level of routine activity during the day
at work (or at home, if they did not work) from
5 options: sitting all day; sitting and a little
walking; standing or walking, but no lifting;
lifting or carrying light loads, or climbing stairs
often; and heavy lifting or carrying. On the
second questionnaire, participants reported the
total number of years they walked or biked to
work for most days of the week (0, <1, 1-2, 3~
5, 6—9, or 210). Participants also were asked to
report the number of hours spent sitting while
watching television or videos (0, <1,1-2, 3-4,

. 5—6,7-8, or 29) and spent sitting overall (<3,

3—-4, 56, 7-8, or 29} in a typical 24-hour
period during the last year. Hours spent
watching television or videos and hours spent
sitting were not mutually exclusive. Because of
modest case numbers, we collapsed the “0” and
“<1 year” categories for walking or biking to
work and the “0,” “<1 hour/day,” and “1-2
hours/day” categories for television or video
watching. These choices of reference categories
had little effect on overall trend estimates. For
use in subanalyses, we also classified each
participant’s television watching and overall
sitting as a percentage of her waking time, using
the following formula: (median hours per day
spent watching television or videos)/(24—
median hours spent sleeping—median hours

- spent napping).

We assessed all covariates by self-adminis-
tered questionnaire. In particular, participants
were queried about current height and weight,
and BMI was calculated from these data.
Participants also reported how often (never,
rarely, >0 but <1 h/wk, 1-3 h/wk, 4—7 h/wk,
or >7 h/wk) over the past 10 years they
typically spent in moderate—vigorous recrea-
tonal physical activity (e.g., biking, fast walking,
aerobics, jogging, running). We collapsed the

-1193-

lowest 3 dose levels of this variable into

a category called “<1 h/wk” and the highest 2
dose levels into a category called “24 h/wk”
because of similarities in the RRs associated
with these levels, respectively. Use of these
condensed variables as covariates did not re-
sult in changes to overall associations.

We did not have direct evidence of the
validity or reliability of the questions that we
asked regarding nonrecreational activity and
sedentary behavior; however, our questions
were similar to questions from measures with
reasonable validity and reliability that included
assessment on occupational and household
routine activity,**™** television watching,*> sit-
ﬁng,46‘47 and recreational moderate~vigorous
activity 444

Statistical Analysis

We estimated RRs and 2-sided 95% Cls
with Cox proportional hazards models using
the SAS PROC PHREG procedure (version
9.1.3; SAS Institute, Cary, NC). We calculated
person-years of follow-up time from the date
the second questionnaire was received and
scanned until the date of a cancer diagnosis,
death, or the end of follow-up (December 31,
2003), whichever occurred first. We evaluated
the proportional hazards assumption by mod-
eling interaction terms of our exposures and
time, and found no significant interactions. We
performed the test for linear trend across
categories of occupational and household ac-
tivity, transportation activity, and sedentary
behavior by assigning participants the median
value of their categories and entering it as
a continuous term in a regression model.

Our final multivariate model included cova-
riates with previously established associations
with breast cancer risk that also remained
statistically significant in our multivariate
model: age, family history of breast cancer, -
recreational moderate—vigorous physical ac-

" tivity, energy intake, alcohol consumption, ed-

ucation, race/ethnicity, smoking, menopausal
hormone therapy, number of breast biopsies,
and a combined variable for parity and age at
birth of first child. Although Pyeng values
became less significant as more adjustment was
done, adjusting for covariates (besides age) did
not affect the nonrecreational physical activity
or sedentary behavior risk estimates we
obtained in this analysis. Although not included
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in the final models, history of mammography
screening in the past 3 years also did not act as
a confounder. Because it is possible that the
potential effects of nonrecreational physical
activity or sedentary behavior on breast cancer
are mediated in part by BMI, we report on and
discuss our models that did not adjust for BML
Separate multivariate models controlling for
BMI are presented for the readers’ knowledge.

‘We planned a priort to test for interactions
with recreational moderate—vigorous physical
activity level, BMI, education level, estrogen
receptor (ER) status and estrogen-progesterone
receptor (ER/PR) status of tumors, use of
menopausal hormone therapy, and 3-way in-
teractions with moderate—vigorous recrea-
tional physical activity and BMI To determine
whether presentation of stratified analyses was
necessary, we used the significance of the
likelihood ratio tests for interaction variables as
well as the difference in model fit by log-
likelihood differences of full and nested
models. We performed separate analyses re-
stricted to invasive cancers to test for hetero-
geneity of effects by tumors’ ER status (ER— or
ER+) and ER/PR status (ER+/PR+, ER+/PR—,
ER—/PR+, or ER—/PR-) and compared the
test of trend for each outcome using Cochran’s
Q statistic.*®

RESULTS

Age-adjusted participant characteristics by
lowest and highest categories of routine activity
during the day at work or home, years walking
and biking to work, hours per day spent
watching television or videos, and hours per
day spent sitting are provided in Table 1. All
comparisons among this large sample were
statistically significant at P<.05 unless other-
wise indicated. Compared with women who
routinely spent all day sitting and women who
had spent less than 1 year routinely walking or
biking to work, women who engaged in heavy
lifting or carrying as routine activity during
the day and women who had spent 10 or more

' years routinely walking or biking to work,
respectively, were less likely to have ever been
smokers or to be physically inactive during
recreation. Women who performed heavy lift-
ing or carrying also had lower BMIs on average.
Compared with women who spent less than 3
hours a day watching television and women
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who spent less than 3 hours a day sitting,
women watching television or sitting for 9 or
more hours per day were more likely to have
a BMI greater than 25 kg/m?, to be physically
inactive during recreation, and to have ever
smoked. Women with the highest levels of
nonrecreational physical activity or sedentary
behavior were less likely to currently use
menopausal hormone therapy.

Participants’ recreational moderate—vigorous
physical activity level typical of the past 10 years
was positively correlated with higher levels of
routine activity during the day at work or home
(p=0.24) and with years spent walking or biking
to work (p=0.05) and negatively correlated
with hours spent watching television or videos
(p=-0.09) and hours spent sitting (p=-017;
Table 2). Routine activity during the day at work
or home was moderately correlated with hours
spent sitting {(p=—0.47).

As shown in Table 3, compared with women
who sat all day, women who routinely did
heavy lifting or carrying during the day had
a relative risk (RR) of invasive breast cancer of
0.62 (95% CI=0.42, 0.91). Because routine
activity during the day was measured on the
baseline questionnaire, we performed sub-
analyses using person-years since baseline
(with prevalent cancer and proxy exclusions
relevant only to that questionnaire), and results
were similar. Compared with women who
walked or biked to work less than 1 year,
women who reported walking or biking to
work for 10 or more years had a relative risk of
invasive breast cancer of 0.86 (95% CI=0.67,
1.11). In a sensitivity analysis, we combined
the categories of walking or biking for 6 to 9
years and for 10 or more years, and the relative
risk of invasive breast cancer for women who
were active commuters for 6 or more years was
0.80 (95% CI=0.65, 0.98; Pirena=.06).

Compared with women who watched less
than 3 hours of television or videos per day
and women who sat for less than 3 hours per
day on average, women who watched 9 or
more hours of television per day and women
who sat for 9 or more hours per day had
a relative risk of invasive breast cancer of 1.17
(95% CI=0.93, 1.47) and 1.12 (95%
CI=0.95, 1.31), respectively. The resulis
remained null when television watching and
sitting variables were classified as a proportion
of waking time.
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Compared with women who reported sitting
all day and women who routinely walked or
biked to work for less than 1 year, women who
did heavy lifting and carrying during the day
and women who walked or biked to work for
10 or more years had a relative risk of in situ
breast cancer of 1.21 (95% CI=0.56, 2.61)
and 0.92 (95% CI=0.53, 1.60), respectively
(Table 4).

Compared with women who watched less
than 3 hours of television per day and women
who sat for less than 3 hours per day on av-
erage, women who watched television for 9 or
more hours per day and women who sat for
9 or more hours per day had a relative risk of in
situ breast cancer of 1.04 (95% CI=0.58, 1.88)
and 1.15 (95% CI=0.80, 1.65), respectively.
The results were similar when television
watching and sitting variables were classified as
percentage of waking time. Combined analyses
of in situ and invasive breast cancer yielded
results similar to those for invasive breast
cancer (data not shown).

Overall, additional adjustment for BMI in
models for invasive and in situ breast cancer
resulted in modest attenuation of associations
(Tables 3 and 4). We found no evidence for
effect modification of associations by recrea-
tional moderate—vigorous physical activity
level, BMI, education level, use of menopausal
hormone therapy, or the ER or ER/PR status of
tumors (data not shown).

DISCUSSION

Our resulis suggest that independent of
recreational moderate~vigorous physical ac-
tivity level, increases in routine activity during
the day at work or home and, possibly, active
commuting may be protective against invasive
but not in situ breast cancer. Women who
reported engaging in heavy lifting or carrying
as routine activity during the day at work or
home had a 38% risk reduction for invasive
breast cancer compared with those who
reported sitting all day. We even observed this
benefit (16% risk reduction) among women
who reported “sitting, a little walking” (.., less
sitting). Although the trend did not reach
statistical significance, the association we ob-
served for invasive breast cancer and trans-
portation activity (walking or biking to work for
6 or more years compared with less than 1
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year) was in the same direction (14% risk
reduction).

Long-term physical activity in the domains of
occupation, home, and transportation could
lower the risk of postmenopausal breast cancer
through the pathways of BMI, estrone, insulin
resistance, and C-reactive protein, with BMI
and estrone being most convincingly (or prob-
ably) associated with both physical activity and
risk.*® Sedentary behavior may affect breast

TABLE 1-Age-Adjusted Characteristics of Postmenapausal Women by Lowest and Highest Categories of Occupational and Household
Activity, Transportation Activity, and Sedentary Behavior: National Institutes of Health~AARP Diet and Health Study, 1996-2003
Routine Activity Years Spent Walking Television or
During Day at Work or at Home or Biking to Work Video Watching Sitting
Sitting all Day Heawy Lifting or Canying <1 Year 210 Years <3 H/Day 29 Hours/Day <3 Hours/Day 29 Hours/Day

No. 7693 1467 85311 2475 33652 2687 20760 7550
Age,y 63 63 63 63 63 63 63 63
Body mass index, kg/m? . 29 26 27 26* 25 29 26 28
Energy intake, kcal/day 1552 1751 1543 1643 1512 1727 1565 1589*
Acohol intake, g/day 6 7 6 6 6 6* [ 6
Under 1 h of recreational 48 11 25 20 21 38 18 42

moderate-vigorous

physical activity/wk, %
Ever smoker, % 61 53 54 50 50 64 50 61
College graduate, % 32 21 33 34 46 16 32 34
White, % 94 93 93 91 95 86 91 95
Family history of 13 14+ 13 14+ 14 13 13 13*

breast cancer, %
Nulliparous, % 16 14 14 24 14 14 12 18
Ever had a breast biopsy, % 24 23 24 27 24 24% 24 23*
Current menopausal 43 38* a7 37 51 36 46 44

hormone therapy use, %
Note. Age-adjusted means are used for continuous variables and age-adjusted percentages for categorical variables; all are significant at P<.05 uniess otherwise specified. The total number of
participants was 97039,
*P>.05.

cancer risk through physiological mechanisms
different from those that make recreational
or nonrecreational physical activity benefi-
cial 1325958 g,ch as altered glucose tolerance
or lipoprotein lipase activity. *® We observed that
nonrecreational physical activity was related to
invasive but not in situ breast cancer in our
study. This could suggest that nonrecreational
physical activity may be important specifically for
preventing breast tumors that are invasive or

52

TABLE 2—Spearman Rank Correlations Between Occupational and Household Activity, Transportation Activity, Sedentary Behavior,
and Recreational Physical Activity: National Institutes of Health-AARP Diet and Health Study, 1996-2003

likely to become invasive. Alternately, the lack of
statistical significance for relationships with in
situ breast cancer could reflect the lower in situ
case numbers. More research is needed to un-
derstand the descriptive epidemiology and bi-
ology of in situ breast cancer.>®

The benefit we observed for routine activity
during the day at home or work is consistent
with the reduced RR of poshnenopalxsal breast
cancer observed in the French E3N Cohort'

Recreational maderate-vigorous physical activity
Level of routine activity during day at work or fiome
Years walked or biked to work

Television or videa watching, h/day

Level of Routine Activity During Television or Video Watching, Sitting,
Day at Work or Home Years Walked or Biked to Waork Hours/Day Hours/Day
0.24 0.05 009 0.7
0.03 -0.06 -0.47
-0.01 - 0.003
0.23

November 2010, Vol 100, No. 11 | American Journal of Public Health

Note. All correlations are significant at P<.001, except between years walked or biked to work and hours per day sitting (P=.231). The total number of participants was 87039,
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TABLE 3—0ccupational and Household Activity, Transportation Activity, and Sedentary Behavior in Relation to Invasive Breast Cancer
Incidence Among Postmenopausal Women: National Institutes of Health-AARP Diet and Health Study, 1996-2003

Routine activity during the day
Sitting alt day
Sitting and & little walking
Standing or walking, no lifting
Lifting or carrying light loads, or climbing stairs often
Heawy lifting or carrying

Years walked or biked to work
<1
1-2
3-5
6-9
210

Television or video watching, h/day
<3
3-4
5-6
7-8
29
Sitting, h/day
<3
3-4
5-6
7-8
29

Age-Adjusted Multivariate 1 Multivariate 2
No. Person-Years  No. Cases RR (95% C1) Pyeng RR (95% CI)® Prrend RR (95% CI)° Prend
Occupational and Household Activity
003 024 092
49144 258 1.00 1.00 1.00
206859 933 0.84 (0.73, 0.96) 0.84 (0.73, 0.97) 0.86 (0.75, 0.99)
251087 1132 0.81 (0.71, 0.93) 0.83 (0.72, 0.95) 0.86 (0.74, 0.98)
115128 514 0.80 (0.69, 0.93) 0.83 (0.71, 0.96) 0.86 (0.74, 1.00)
9775 29 0.55 (0.38, 0.81) 0.62 (0.42, 0.91) 0.64 (0.43, 0.94)
Transportation Activity
051 081 084
556972 2540 1.00 1.00 1.00
24197 110 1.00 {0.83, 1.21) 0.99 (0.82, 1.20) 0.99 (0.82, 1.20)
25376 120 1.03 (0.86, 1.23) 1.03 (0.86, 1.24) 1.03 (0.86, 1.24)
10357 33 0.69 {0.49, 0.97) 0.69 {0.49, 0.98) 0.70 (0.50, 0.98)
16090 63 0.84 (0.65, 1.08) 0.86 {0.67, 1.11) 0.86 {0.67, 1.11)
Sedentary Behavior
303 493 ) 935
220736 1013 1.00 1.00 1.00
272210 1243 0.97 (0.89, 1.05) 1.02 (0.94, 1.11) 1.00 {0.92, 1.09)
103031 438 0.89 {0.80, 0.99) 0.96 (0.86, 1.08) 0.93 (0.83, 1.05)
18990 90 0.99 {0.80, 1.23) 1.08 (0.87, 1.34) 1.04 (0.84, 1.30)
17025 82 1.03 (0.82, 1.28) 1.17 {0.93, 1.47) 1.12 (0.89, 1.41)
006 101 .243
136447 564 1.00 1.00 1.00
186096 856 1.11 (0.99, 1.23) 1.08 (0.97, 1.20) 1.07 (0.96, 1.19)
171157 803 1.14 (1.03, 1.27) 1.10 (0.98, 1.22) 1.08 (0.97, 1.20)
89698 419 117 (1.03, 1.33) 1.11 (0.97, 1.26) 1.08 (0.95, 1.23)
48594 224 1.19 (1.02, 1.39) 1.12 (0.95, 1.31) 1.08 (0.92, 1.27)

for high versus low levels of light household
activity per week (RR==0.82; 95% C1=0.61,
111; Pyeng<.05), the European Prospective
Investigation Into Cancer and Nutrition®
(RR=0.81; 95% Cl=0.70, 0.93; Pyeng=.001),
and various occupational cohort studies, 5 but
ot other prospective cohort studies of non-
recreational physical activity™? or occupational
activity. > In our study, the protective effects
of routine activity during the day were not
confounded by or modified by the education
level of the women.

The direction of the relationship between
active commuting and invasive breast cancer is

2292 | Research and Practice | Peer Reviewed | George et al.

Note. RR= relative risk; Cl=confidence interval. Person-years are rounded to the nearest whole number. The total number of participants was 97 039.

*Adjusted for age, energy intake (kilocatories per day), recreational maderate-vigoraus physical activity (0, 1-3, or 24 hywk), parity or age at first five birth (never, <20, <25, <30, or 230 years),
menopausal hormone therapy use {never, current, or former), number of breast biopsies (0, 1, 2, or 3), smoking (ever or never), alcohol intake in grams per day {0, <5, <15, <30, or >30), race
(White, Black, or other), education {<12 y, high schoal graduate, some college, or college graduate).
"Adjusted for same covariates as in multivariate 1 plus body mass index (continuous).

consistent with results from a large Finnish
cohort study.3* Although the use of active
transportation (Le., walking or biking) is much
less prevalent in the United States than in
Europe,29 currently, 6% of adults in the United
States are considered regularly active (25 days
per week, 230 minutes per day)} by walking to
work.>® More detailed research with a focus on
dose (ie., duration in minutes and miles, average
frequency per week, intensity or pace, and type
of route [e.g, hilly, flat]) is needed to understand
whether active transportation, including walking
to a transit stop,® is associated with decreased
invasive breast cancer incidence.

-1196-

As associations of sedentary activities when
reported for other chronic disease outcomes
have been meaningful,25°%*2 we cannot rule
out the presence of a moderate or weak associ-
ation between sedentary behavior and invasive
breast cancer, which may have been masked by
measurement error in the assessment of seden-
tary behavior. Although the number of hours
women spent sitting was not statistically signifi-
cantly related to invasive breast cancer, the
difference between the magnitude of this finding
(RR=1.12) and findings for increased levels of
routine activity during the day at work or home
(which captured a range of activities, induding

American Journal of Public Health | November 2010, Vol 100, No. 11



} RESEARCH AND PRACTICE

Routine activity during the day
Sitting all day
Sitting and a little walking
Standing or walking, no lifting
Lifting or canying light loads, or climbing stairs often
Heavy fifting or carrying

Years walked or biked to work
<1
1-2
3-5
6-9
210

Television or video watching, h/day
<3
3-4
5-6
7-8
=29
Sitting, h/day
<3
34
5-6
7-8
>9

“mostly sitting all day” as the comparison cate-
gory) is small.

Our study had several strengths, including its
large prospective nature and our ability to
control for many important confounders. In
addition, our question on routine activity cap-
: tured a range of common daily behaviors that
¢ may be important determinants of energy
expenditure.

Relative to the US population, participants in
¢ our study were more likely to be White and to
have had a college education. Our findings may
¢ therefore not apply to all US women. The
primary limitation of our study is that potential

November 2010, Vol 100, 'No. 11 | American Journal of Public Health

Note. RR=relative risk; Cl=confidence interval. Person-years are rounded to the nearest whole number. The total number of participants was 97039.

TABLE 4—Occupational and Household Activity, Transportation Activity, and Sedentary Behavior in Relation to In Situ Breast Cancer
Incidence Among Postmenopausal Women: National Institutes of Health-AARP Diet and Health Study, 1996-2003
Age-Adjusted Multivariate 1 Multivariate 2
No. Person-Years  No. Cases RR (95% CI) Prend RR (95% CI)* Pend RR (95% CI)° Prend
Occupational and Household Activity
333 644 79
49144 39 1.00 1.00 1.00
206859 208 1.27 (0.90, 1.78) 1.26 (0.89, 1.78) 1.28 (0.91, 1.81)
251087 216 1.07 (0.76, 1.51) 1.08 (0.76, 1.53) 1.11 (0.78, 1.58)
115128 38 1.06 (0.73, 1.54) 1.11 (0.76, 1.62) 1.15 (0.78, 1.68)
9775 8 1.03 (0.48, 2.19) 1.21 {0.56, 2.61) 1.25 (0.58, 2.68)
Transportation Activify
43 57 576
555972 511 1.00 1.00 1.00
24197 17 0.77 (0.47, 1.24) 0.77 (0.47, 1.25) 0.76 (0.47, 1.24)
25376 21 0.90 (0.58, 1.39) 0.92 (0.59, 1.42) 0.92 (0.59, 1.42)
10357 8 0.84 (0.42, 1.69) 0.87 {0.43, 1.75) 0.87 (0.43, 1.76)
16090 13 0.88 {0.51, 1.52) 0.92 {0.53, 1.60) 0.92 (0.53, 1.61)
Sedentary Behavior
427 037 063
220736 187 1.00 1.00 1.00
272210 247 1.07 (0.88, 1.29) 1.18 (0.97, 1.43) 1.16 (0.95, 1.41)
103031 103 1.18 (0.92, 1.50) 1.36 (1.06, 1.75) 1.32 (1.03, 1L.71)
18990 pal 1.30 (0.83, 2.05) 1.54 (0.98, 2.44) 1.50 (0.95, 2.38)
17025 12 0.83 (0.46, 1.49) 1.04 (0.58, 1.88) 1.01 (0.56, 1.83)
117 244 32
136447 104 1.00 1.00 1.00
186096 167 1.18 (0.92, 1.50) 1.15 (0.90, 1.47) 1.14 (0.89, 1.46)
171157 170 1.31 (1.02, 1.67) 1.26 (0.99, 1.61) 1.24 {0.97, 1.59)
89698 85 1.25 (0.94, 1.67) 1.19 (0.89, 1.60) 1.17 {0.88, 1.57)
48594 44 1.20 (0.84, 1.72) 1.15 (0.80, 1.65) 1.12 {0.78, 1.61)
*Adjusted for age, energy intake (kilocalories per day), recreational moderate-vigorous physical activity (0, 1-3, or =4 h/wk), parity or age at first live birth (never, <20, <25, <30, or 230 years),
menopausal hormone therapy use (never, current, or former), number of breast biapsies (0, 1, 2, or 3), smoking (ever or never), alcohol intake in grams per day (0, <5, <15, <30, or 230), race

(White, Black, or other), education (<12 y, high school graduate, some college, or college graduate).
®Adjusted for same covariates as in multivariate 1 plus body mass index (continaous).

error in the assessment of occupational or
household activity, transportation activity, and
sedentary behavior could attenuate RRs. In
addition to the problem of possible error in
recall, we lacked detailed information on in-
tensity, length of bouts, or frequency of routine
occupational or household activity and active
commuting, which precludes us from deter-
mining a true dose for these behaviors that
could inform recommendations. We also had
no information on the historical time frame of
active commuting behavior. However, these
limitations in the measurement of our expo-
sures are not unique to our study.?! To date,

-1197-

measurements of duration and intensity of all
domains of physical activity and sedentary be-
havior have rarely been included in prospective
or cross-sectional population studies, possibly
because of the time and effort required of survey
respondents.>® Comprehensive questionnaires
that capture these characteristics and have
known measurement properties are needed to
better understand the links between nonrecrea-
tional physical activity, sedentary behavior, and
disease outcomes.’

Our data provide evidence that routine
activity during the day at work or home may be
related to reduced risk of invasive breast

George et al. | Peer Reviewed | Research and Practice | 2293



cancer. Given that many postmenopausal
women may not be capable of meeting US
physical activity guidelines for cancer preven-
tion through recreational moderate—vigorous
physical activity alone, domains outside of
recreation time may be atiractive targets for
increasing physical activity and reducing sed-
entary behavior. &
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Consistent with a strong hormonal etiology, endometrial cancer is
thought to be influenced by both obesity and physical activity.
Although obesity has been consistently related to risk, associations
with physical activity have been inconclusive. We examined rela-
tionships of activity patterns with endometrial cancer incidence in
the NIH-AARP Diet and Health Study cohort, which included
109,621 women, ages 50-71, without cancer history, who in 1995~
1996 completed a mailed baseline questionnaire capturing daily
routine and vigorous (defined as any period of >20 min of activity
at work or home causing increases in breathing, heart rate, or
sweating) physical activity. A second questionnaire, completed by
70,351 women, in 1996-1997 collected additional physical activity
information. State cancer registry linkage identified 1,052 primary
incident endometrial cancers from baseline through December 31,
2003. In multivariate proportional hazards models, vigorous activ-
ity was inversely associated with endometrial cancer in a dose-
response manner (p for trend = 0.02) (relative risk (RR) for >5
times/week vs. never/rarely = 0.77, 95% confidence interval (CI):
0.63-0.95); this association was more pronounced among over-
weight and obese women (body mass index >25; RR = 0.61, 95%
CI: 0.47-0.79) than among lean women (body mass index <25; RR
= 0.76, 95% CI: 0.52-1.10; p for interaction = (.12). Although we
observed no associations with light/moderate, daily routine or
occupational physical activities, risk did increase with number of
hours of daily sitting (p for trend = 0.02). Associations with vigor-
ous activities, which may interact with body mass index, suggest
directions for future research to clarify underlying biologic mech-
anisms, including those relating to hormonal alterations.

© 2008 Wiley-Liss, Inc.

Key words: endometrial neoplasms/epidemiology; exercise/physio-
logy; recreation/physiology; health behavior; prospective studies

Endometrial cancer is the most common gynecologic malig-
nancy and the fourth most common cancer among women in the
US," and excess Welght is estimated to account for over half of en-
dometrial cancers.”* Whereas body mass index (BMI) is an estab-
lished risk factor,? evidence for an mdependent role of physxcal
activity in reducing endometrial cancer risk is inconclusive.* Clar-
ifying the relationship between physical activity, a potentially
modifiable risk factor, and endometrial cancer could have impor-
tant etiologic and public health implications.

To date, 10 cohort studies®™* and twelve case—control stud-

es'>2% have examined the association between physical activity
and endometrial cancer. Of these, only 2 cohort studies®'* have
examined whether sedentary behaviors are associated with endo-
metrial cancer and results were suggestive of an elevated risk with
longer durations of TV watching or sitting. Two recent systematic
reviews concluded that results suggest an inverse association
between physical activity and endometrial cancer but are limited
by inconsistent dose-response relationships and may depend on
activity type and intensity. 2728 1 addition, because BMI is associ-
ated with both physical activity and endometrial cancer, special
attention to BMI as a confounding factor is required.”’ Additional
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evidence from prospective cohort studies is needed before specific
types and time periods of ph;fsxcal activity might be recommended
as a strategy to reduce risk.?”?® We therefore investigated physical
activity and endometrial cancer risk within the large prospective
NIH-AARP Diet and Health Study cohort. We considered various
types of physical activity during different time periods, evaluated
sedentary behaviors, and paid particular attention to potential con-
founding by BMIL.

Material and methods
Study population

The NIH-AARP Diet and Health Study design and methodol-
ogy have been described in detail.?® The study was initiated in
1995-1996 when a questionnaire was mailed to 3.5 million mem-
bers of the AARP (formerly known as the American Association
of Retired Persons), ages 50-71 years, who resided in 1 of 8 US
states (CA, FL, PA, NJ, NC, LA, GA, and MI). This baseline ques-
tionnaire captured diet history, demographic characteristics, cur-
rent weight and height, smoking status, physical activity, medical
and reproductive history, menopausal status, menopausal hormone
therapy (HT), and personal and familial history of cancer. A total
of 617,119 (17.6%) questionnaires were returned, of which
567,169 were satisfactorily completed; of these, 179 duplicate
questionnaires were excluded. In 1996-1997, a second question-
naire was sent to the baseline questionnaire respondents to collect
additional information on physical activity, menopausal HT use,
medical history, and history of cancer. A total of 337,074 men and
women completed this questionnaire.

After excluding individuals who died (n = 261) or moved out
of the cancer registry ascertainment area (n = 321) before their
baseline questionnaire was received and scanned, proxy respond-
ents to the baseline questionnaire (n = 15,760), 6 individuals who
withdrew from the study, and 325,174 men, the baseline study
population included 225,468 potentially eligible women. The
study was approved by the Special Studies Institutional Review
Board of the U.S. National Cancer Institute.

Assessment of physical activity

The baseline questionnaire captured several measures of physi-
cal activity. Participants were asked to select a response that best
described their current daily routine activity, excluding exercise or
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sports: sit without walking very much; sit but walk fair amount;
stand or walk a lot without carrying or lifting things; lift or carry
light loads or climb stairs/hills often; or do heavy work or carry
heavy loads. Participants were asked to indicate their frequency of
vigorous physical activity during a typical month in the past 12
months: never, rarely, 1-3 times per month, 1-2 times per week,
3-4 times per week, or >5 times per week. Vigorous activity was
defined as physical activity at work or home including exercise,
sports, and carrying heavy loads that lasted >20 minutes and
caused increases in breathing, heart rate, or sweating. Using the
same response categories, participants were also asked to recall
their frequency of participation in physical activities or sports dur-
ing a typical month around the ages of 15-18 years old. We col-
lapsed the never and rarely response categories for analysis.

The second questionnaire asked about several domains of physi-
cal activity: occupational, recreational and household, and physi-
cal inactivity. History of occupational physical activity was
assessed by asking participants if they ever had a job requiring
physically demanding work. Those responding affirmatively were
asked to report the number of (none, 1-2, 3-5 or >6 jobs) and
total number of years spent (none or <1 year, 1-2, 3-5, 6-9, or
>10 years) in these jobs. The second questionnaire also assessed
whether participants ever had a job in which they walked or biked
to work for most days of the week and if so, the total number of
years they did so (none, <1 year, 1-2, 3-5, 6-9, or >10 years).
We combined none and <1 year response categories for analysis.

Participants were instructed not to include occupational physi-
cal activity when reporting how often they participated in “light”
and “moderate and vigorous” recreational and household activ-
ities. They could choose from the following options: never, rarely,
weekly but <1 hr per week, 1-3 hr per week, 47 hr per week,
and >7 hr per week. Participants were asked to read lists of exam-
ples of “light” and “moderate and vigorous™ recreational and
household activities and to select the option that best described
how often they participated during various ages and time periods:
15-18, 19-29 and 35-39 years old, and in the past 10 years. The
never and rarely response categories were collapsed for analysis.
Because these physical activity questions captured frequency and
dose, we calculated hours exercised per week and metabolic
equivalent (MET) hours per week using the Compendium of Phys-
ical Activities as a guide.” First, midpoint values were used for
each category of reported frequency/dose of participation in
weekly activity: never/rarely was assigned a value of 0 hr; <1 hr
per week was assigned a value of 0.5 hr; 1-3 hr per week was
assigned a value of 2 hr; 4-7 hr per week was assigned a value of
5.5 hr; and >7 hr per week was assigned a value of 8 hr. MET val-
ues were then assigned to each level of activity: light activities,
3.0 MET; and moderate/vigorous activities, 7.0 MET. These MET
values were multiplied by the values of activity hours per week
and summed across the activity levels to determine MET-hours
per week for each of the various ages and time periods.

Information on physical inactivity was based on 2 questions.
Participants were asked about time spent watching TV or videos
during a typical 24-hr period over the past 12 months. Time spent
watching TV or videos was categorized as none, <1, 1-2, 34, 5—
6, 7-8 and >9 hr. In a separate question, participants were also
asked to indicate the number of hours spent sitting during a typical
24-hr period over the past 12 months: <3, 34, 5-6, 7-8 and >9 hr.
Both measures of inactivity were collapsed as <3, 34, 5-6 and
>7 hr per day.

Cohort follow-up

Cohort members were followed annually for address changes
and vital status. Address changes were identified by matching the
cohort database to the US Postal Service’s National Change of
Address database. Vital status was updated through linkage to the
US Social Security Administration Death Master File, identifying
cohort members who are presumed deceased. Results were veri-
fied through a follow-up search of the National Death Index Plus,
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a central computerized index of death record information com-
piled annually from state vital statistics offices for research pur-
poses.

Ascertainment of endometrial cancer

Incident endometrial cancers were initially identified through
probabilistic linkage to 8 state cancer registries using first and last
name, address, sex, date of birth, and Social Security Number.
The cancer registry ascertainment area was recently expanded to
include 3 additional states (TX, AZ, and NV) to capture cancer
occurring among participants who moved to those states during
follow-up. Histology was defined using International Classifica-
tion of Diseases for Oncology codes, 3rd edition.”” A previous
validation study in this cohort estimated that registry linkage val-
idly identified approximately 90% of all incident cancers.>?

Analytic sample

In our analysis of baseline physical activity data, we excluded
23,911 women who reported a personal cancer history other than
non-melanoma skin cancer, 82,132 who reported a prior hysterec-
tomy, and 2,934 women with unknown hysterectomy status. We
also excluded women who reported at baseline that their menstrual
periods stopped because of surgery (n = 1,829) or because of radi-
ation or chemotherapy (n = 117), 76 who developed non-epithe-
lial endometrial cancer during follow-up, 8 with no follow-up, 421
(including 4 cases) who were missing baseline information on
both daily routine and vigorous activity, and women with missing
(n = 3,530, including 31 cases) or extreme (defined as > 2 inter-
quartile ranges from the mean; n = 889, including 33 cases) val-
ues for baseline BMI (weight in kilograms divided by the square
of height in meters). Thus, 109,621 women were included in the
baseline physical activity analysis. From baseline through Decem-
ber 31, 2003, 1,052 women developed endometrial cancer, the ma-
jority of which were adenocarcinomas (n = 978).

To use the physical activity and inactivity data collected in the
second questionnaire, we created an analytic subsample restricted
to women who responded to the second questionnaire. Of the
109,621 women included in the baseline analysis, 72,046 women
(including 701 endometrial cancer cases) responded to the second
questionnaire. We further excluded women who died or moved
out of the cancer registry ascertainment area before their second
questionnaire was received and scanned (n = 338), proxy
respondents to the second questionnaire (n = 565, including 7
prevalent endometrial cancer cases), women with a personal his-
tory of cancer at the time of the second questionnaire (n = 633,
including 44 prevalent endometrial cancer cases), those missing
recreational/household activity and physical inactivity information
on the second questionnaire (n = 82 non-cases), women with
extreme values for BMI (n = 16 non-cases with BMI > 2 inter-
quartile ranges from the mean BMI of those responding to the sec-
ond questionnaire), women with unknown history of HT use at the
time of the second questionnaire (n = 58 non-cases), and 3 women
with no follow-up, resulting in an analytic subsample of 70,351
women completing both study questionnaires. Of these, 650
women developed endometrial cancer from the time of the second
questionnaire through December 31, 2003; adenocarcinoma
accounted for 95% of these cancers.

Statistical analysis

Cox proportional hazards models were used to estimate hazard
ratios and 95% confidence intervals (CI) for endometrial cancer
associated with physical activity; age was the time scale® and ties
were handled by complete enumeration.>* Follow-up began at the
age at which the baseline questionnaire (for the main analyses) or
the second questionnaire (for the analytic subsample) was received
and scanned and continued through the earliest of the following
dates: participant diagnosed with endometrial cancer, moved out
of her registry catchment area, died from any cause, or December 31,
2003. To test the proportional hazards assumption, we generated
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time-dependent covariates by including interactions of physical
activity measures with the natural log of age (the time metric);
probability values for all time-dependent covariates were >0.05,
consistent with proportional hazards.

For the main analyses, we examined the combined effect of
baseline vigorous activity and baseline daily routine activity in
relation to endometrial cancer by creating a single six-level vari-
able based on the cross-tabulation of vigorous activity (never/
rarely, 1 time per month to 2 times per week, or >3 times per
week) and daily routine activity (sit much of day with some walk-
ing vs. do more than sit most of day). Multivariate models were
used to control for age at entry, race/ethnicity, smoking status,
parity, ever use of oral contraceptives, menopausal status (pre-
menopausal, natural menopause at <45, 4549, 50-54 or >55
years of age, or unknown age at menopause), and ever use of HT.
Because BMI is positively associated with endometrial cancer risk
and inversely associated with physical activity, separate multivari-
ate models additionally adjusted for BMIL.

In the multivariate models restricted to the analytic subsample
of women who completed both questionnaires, we replaced ever
use of HT with HT formulation (never used, estrogen only use,
estrogen-progestin only use, HT use of other/unknown formula-
tion). In analyses of frequency of light physical activity during a
specific time period, we adjusted for frequency of moderate/vigor-
ous physical activity during that same time period, and vice versa.
We used a likelihood ratio test, comparing models with and with-
out the interaction terms, to separately examine effect modifica-
tion by HT formulation and BMI.

Tests for linear trends across the physical activity exposure cat-
egories were calculated by treating these categorical variables as
ordinal variables. In subsequent models, we adjusted individually
for calendar time and several additional factors, including educa-
tion, age at menarche, self-reported diabetes, self-rated health
quality, and alcohol intake; results were essentially the same and
are not shown here. In addition, we assessed the internal consis-
tency between physical activity items reported within and between
questionnaires by examining pairwise Spearman’s rank correla-
tions.

Probability values of <0.05 were considered statistically signifi-
cant. All tests of statistical significance were two-tailed. Analyses
were performed using SAS software release 9.1.3 (SAS Institute,
Cary, NC).

Results

Among the 109,621 mostly white, postmenopausal women in
this report, current daily routine physical activity (excluding exer-
cise or sports) was most frequently described as standing or walk-
ing a lot without carrying or lifting things (38.8%), followed by
sitting during much of the day but walking a fair amount (33.6%).
Including exercise and sports, 21.8% of women reported never or
rarely engaging in vigorous activity in the past 12 months,
whereas 14.4, 21.3 and 42.5% reported engaging in vigorous ac-
tivity 1-3 times per month, 1-2 times per week, and >3 times per
week, respectively. More than half (55.7%) of the women reported
participating in physical activities or sports >3 times per week
between the ages of 15-18 years old.

At baseline, women with the most active current daily routine
or most frequent participation in vigorous activity in the past 12
months were leaner than their less-active counterparts (Tables I
and II). Compared with the least active women, women with the
most active current daily routine were less likely to be white, to
have attended post-secondary education, and to have ever used ex-
ogenous hormones, and were more likely to be current smokers. In
contrast, women who frequently participated in vigorous activity
were more likely to have attended post-secondary education and
to have ever used hormone therapy, and were less likely to be cur-
rent smokers as compared with those who never/rarely engaged in
vigorous activity.
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The 109,621 women accrued 766,170.7 person-years during an
average follow-up of 3.80 years for cases (range: 1 day-8.03
years) and 7.02 years for non-cases (range: 1 day-8.18 years). The
mean (SD) ages for entry and exit were 62.6 (5.2) and 66.4 (5.5)
years for cases and 61.6 (5.5) and 68.6 (5.6) years for non-cases,
respectively. The standardized incidence ratio for endometrial
cancer in the full cohort compared with the US National Cancer
Institute’s Surveillance, Epidemiology and End Results rate (ages
50-79 years) was 0.92 (95% CIL: 0.87-0.97), indicating that the
rate in our cohort was slightly lower than that of the US popula-
tion. As previously described in this cohort,>>3¢ endomeirial can-
cer risk was positively associated with BMI, later age at natural
menopause, and use of menopausal HT; reduced endometrial can-
cer risk was associated with non-white race/ethnicity, smoking,
later age at menarche, parity, and oral contraceptive use.

We examined the risk of endometrial cancer according to self-
reported physical activity at baseline (Table III). The risk of endo-
metrial cancer decreased with increasing categories of daily rou-
tine activity, excluding exercise or sports (p for trend <0.0001),
though this was no longer statistically significant in multivariate
analysis further adjusted for BMI (p for trend = 0.07). Increasing
frequency of vigorous activity, including exercise and sports, was
associated with reduced endometrial cancer risk in a dose-
response manner before and after adjustment for BMI (p for trend
= 0.02), such that the relative risk (RR) of endometrial cancer for
vigorous activity >5 times per week compared with never or
rarely engaging in vigorous activity was 0.77 (95% CIL: 0.63-
0.95). Frequency of participation in physical activities or sports
during a typical month between the ages of 15-18 years old was
not related to endometrial cancer in age-adjusted or multivariate
analyses. Compared with women who reported both never/rarely
engaging in vigorous activity and sitting for much of the day,
women who participated in vigorous activity >3 times a week
over the past 12 months were at a significant 25% reduced relative
risk of endometrial cancer irrespective of their current daily rou-
tine activity level (data not shown).

The majority of women who responded to the second question-
naire never had a physically demanding job lasting more than a
year (85.1%) and never had a job in which they walked or biked to
work most days of the week for a period longer than 1 year
(87.2%) (Table IV). We found no statistically significant associa-
tions between any of the measures of prior occupational physical
activity and endometrial cancer. In addition, we detected no statis-
tically significant relationships between endometrial cancer and
MET-hours per week of recreational and household activities dur-
ing ages 15-18, 19-29 or 35-39 years, or during the past 10 years
after adjustment for BMI (data not shown). Although time spent
watching TV/videos was not associated with endometrial cancer
after adjustment for BMI, we observed a positive association
between endometrial cancer risk and number of hours spent sitting
during a typical 24-hour period in the past 12 months both before
and after adjustment for BMI (RRs for 3-4, 5-6 and >7 vs. <3
hours/day = 1.07, 1.31 and 1.26, respectively; p for trend = 0.02)
(Table V). To assess whether the association with hours spent sitting
was influenced by physical activity, we additionally adjusted for fre-
quency of baseline vigorous activity and observed a slight attenuation
in the risk estimates (RRs for sitting 34, 5-6 and >7 vs. <3 hours/
day = 1.07, 95% CI: 0.84-1.36; 1.29, 95% CI: 1.02-1.63; and 1.23,
95% CI: 0.96-1.57, respectively; p for trend = 0.04).

There was no evidence for effect modification of the association
between current daily routine activity, vigorous activity, and hours
spent sitting during the past 12 months and endometrial cancer by
HT formulation (data not shown). In addition, there was no evi-
dence for effect modification of the association between current
daily routine activity and hours spent sitting and endometrial can-
cer by BMI; however, the association with frequency of baseline
vigorous activity was more pronounced among overweight and
obese women than in lean women (BMI <25), although the inter-
action was not statistically significant (p for interaction for BMI
<25 vys. 225 = 0.12) (Table VI).
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TABLE I - SELECT CHARACTERISTICS OF WOMEN ACCORDING TO DAILY ROUTINE PHYSICAL ACTIVITY LEVEL AT BASELINE,
NIH-AARP DIET AND HEALTH STUDY

Current daily routine activity at work or home

. o . ‘Walking and Climbing stairs or Heavy work or
Characteristic Sitting (n = 9,293) S‘m“gf“d walking standing carrying heavy loads carrying heavy
(n = 36,032) (n = 41,606) (n = 18,600) loads (n = 1,737)
n %! n % n % n % n %
Age at baseline questionnaire (years) .

<55 2,317 24.9 6,860 19.0 5,535 13.3 2,319 12.5 317 18.2

55-59 2,675 28.8 9,459 26.3 8,879 21.3 3,784 20.3 488 28.1

60-64 2,286 24.6 9,459 26.3 11,628 27.9 5,250 28.2 467 26.9

65-69 1,844 19.8 9,274 257 14,035 337 6,494 34.9 424 244

70+ 171 1.8 980 2.7 1,529 37 753 4.0 41 2.4

Body mass index at baseline (kg/m2)

<25 3,122 33.6 15,289 424 21,056 50.6 9,861 53.0 829 47.7

25-29 2,717 29.2 11,474 31.8 13,350 32.1 5,834 314 604 34.8

30+ 3,454 372 9,269 25.7 7,200 17.3 2,905 15.6 304 17.5

Race/ethnicity )
Caucasian/non-Hispanic white 8,515 91.6 32,838 91.1 37,761 90.8 17,239 92.7 1,540 88.7
Other/unknown 778 8.4 3,194 8.9 3,845 9.2 1,361 7.3 197 11.3
Education
<High school/high school grad 2,501 274 9,894 28.1 12,598 31.1 5,701 314 703 42.6
Post-high school + 6,614 72.6 25,293 71.9 27,928 68.9 12,472 68.6 948 57.4
Smoking

Never 3,544 39.2 15,231 434 18,696 46.2 8,675 48.0 722 434

Former 4,063 45.0 14,382 41.0 16,214 40.1 6,666 36.8 573 345

Current 1,425 15.8 5,475 15.6 5,569 13.8 2,750 15.2 368 22.1

Age at menarche (years)

<13 4,727 51.0 17,603 49.0 19,155 46.2 8,634 46.5 771 44.6

13-14 3,790 40.9 15,164 422 18,244 44.0 8,017 432 724 41.9

15+ 749 8.1 3,166 8.8 4,101 9.9 1,897 10.2 234 13.5

Parity

Nulliparous 1,702 18.6 6,538 18.4 6,521 159 2,863 15.5 282 16.5

One 1,192 13.0 4,132 11.6 4,277 10.4 1,831 9.9 190 11.1

Two 2,479 27.0 9,746 274 11,097 27.0 4,624 25.1 394 23.1

Three or more 3,802 414 15,152 42.6 19,215 46.7 9,104 49.4 842 493

Ever used oral contraceptives
No 4,858 52.5 19,846 55.4 25,372 614 11,549 62.5 1,072 62.1
Yes 4,388 47.5 15,968 44.6 15,977 38.6 6,943 37.5 655 37.9
Ever used HT at baseline
No 5,446 58.6 21,027 584 24,569 59.1 11,431 61.5 1,179 67.9
Yes 3,847 41.4 15,005 41.6 17,037 40.9 7,169 38.5 558 32.1
Age at menopause (years)

Premenopausal 960 10.3 2,764 7.7 2,171 5.2 891 4.8 99 5.7
<45 952 10.2 3,698 10.3 4,399 10.6 1,993 10.7 216 124
45-49 2,305 24.8 9,011 25.0 10,705 257 4,741 25.5 450 259
50-54 3,983 429 15,794 43.8 18,585 44.7 8,329 44.8 756 435
55+ 756 8.1 3,426 9.5 4,268 10.3 1,994 10.7 145 8.3

Postmenopausal, age unknown 337 3.6 1,339 37 1,478 3.6 652 3.5 71 4.1

Frequency of vigorous physical
activity during tygical month
in past 12 months

Never/Rarely 3,854 41.7 8,944 25.0 7,886 19.1 2,322 12.6 152 8.9

1-3 times/month 1,585 17.2 6,087 17.0 5,514 134 2,156 11.7 98 57

1-2 times/week 1,673 18.1 7,848 219 8,940 21.7 4,030 21.8 228 13.3

3—4 times/week 1,380 14.9 8,238 23.0 11,303 274 5,783 31.3 477 279

5+ times/week 745 8.1 4,693 13.1 7,644 18.5 4,161 22.6 757 4472

"Missing values were excluded from percentage calculations.—*Defined as physical activity that lasted at least 20 mins and caused increases in

breathing, heart rate, or sweating.
HT, hormone therapy.

In general, the correlations between activity responses asked on
the 2 questionnaires were statistically significant and offered some
suggestion of internal consistency (data not shown). For instance,
hours spent sitting per day was positively correlated with hours spent
watching TV/videos per day (» = 0.21) and inversely associated with
baseline activity (» = —0.46 for current daily routine activity at work
or home and r= -0.15 for frequency of vigorous activity).

Discussion

In this large prospective study, increased frequency of vigorous
physical activity, but not activity of lower intensity, was associated
with a 23% reduced RR of endometrial cancer. The association

with vigorous activity appeared to be stronger among overweight
and obese women (BMI >25). We did not observe an association
with risk for current daily routine or occupational physical activ-
ities. Number of hours spent sitting per day, but not watching TV,
was related to an increased risk of endometrial cancer, and the asso-
ciation was statistically independent of BMI in this model.

Our findings for vigorous activity are remarkably consistent
with a recently reported pooled estimate of the association
between endometrial cancer and physical activity from cohort
studies published through 2006, also showing a 23% decreased
risk of endometrial cancer for the most active compared with the
least active women (OR = 0.77, 95% CI: 0.70-0.85).?” Few stud-
ies have reported relative risk estimates specifically for vigorous
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TABLE II -~ SELECT CHARACTERISTICS OF WOMEN ACCORDING TO FREQUENCY OF VIGOROUS PHYSICAL ACTIVITY LEVEL AT BASELINE, NIH-AARP
DIET AND HEALTH STUDY

Frequency of vigorous physical activity during typical month in past 12 months®

Never/rarely

1-3 times/month

1-2 times/week 3-4 times/week 5+ times/week

Characteristic (n = 23,685) (n = 15,724) (n = 23,195) (n = 27,785) (n = 18,462)
n %* n % n % n % n %
Age at baseline questionnaire (years)

<55 3,363 14.2 3,003 19.7 4,088 17.6 4,265 154 2,706 14.7

55-59 5249 222 4,134 263 5,656 244 6,209 227 4247 230

60-64 6,529  27.6 4,175  26.6 6,243 269 7,652 275 4931 267

65-69 7,681 324 3920 249 6,496  28.0 8,650  31.1 5913 320

70+ 863 3.6 402 2.6 712 31 919 33 665 3.6

Body mass index at baseline (kg/m?)

<25 8,677  36.6 6,277 399 10,397 448 14,560 524 10916  59.1

25-29 7,311 309 5,195 33.0 7,854 339 8816  31.7 5322  28.8

30+ 7,697 325 4252 27.0 4944 213 4,409 159 2,224 120

Race/ethnicity
Caucasian/non-hispanic white 21,244 89.7 14,380 91.5 21,305 91.9 25,301 91.1 16,958 91.9
Other/unknown 2,441 10.3 1,344 8.5 1,890 8.1 2,484 8.9 1,504 8.1
Education
<High school/high school grad 9,347 405 4592 299 6,323 279 7,164 265 4,701  26.2
Post-high school+ 13,727 595 10,773  70.1 16,304  72.1 19,904 735 13,274 738
Smoking

Never 9,669 420 6,600 43.0 10,345 458 12,579  46.6 8,376  46.8

Former 8,535 371 5,887 384 8,804  38.9 11,437 424 7,802 436

Current 4,823 209 2,853 18.6 3460 153 2,962 11.0 1,727 9.6

Age at menarche (years)

<13 11,582  49.1 7,606 485 10,979 475 12,861 464 8,611 468

13-14 9,804 415 6,644 423 9,997 432 12,165 439 7942 431

15+ 2,212 9.4 1,443 9.2 2,162 93 2,676 9.7 1,859 10.1

Parity

Nulliparous 4,056 173 2,735 17.6 3,861 16.8 4,394 16.0 3,129 17.2

One 2,663 114 1,823 11.8 2,562 11.2 2,841 103 1,914 105

Two 5846  25.0 3,983 257 6,171 26.9 7,619 277 5,038 27.6

Three or more 10,826  46.3 6,965 449 10,347  45.1 12,613 459 8,148 447

Ever used oral contraceptives
No 14,755 627 8859  56.6 13,255 575 15886  57.5 11,004 60.0
Yes 8,773 373 6,781 434 9,816 425 11,723 425 7,351  40.0
Ever used HT at baseline
No 16,019 676 9,239  58.8 13,607  58.7 15,331 552 10,572 573
Yes 7,666 324 6,485  41.2 9,588 413 12,454 4438 7,890 427
Age at menopause (years)

Premenopausal 1,263 53 1,179 7.5 1,643 7.1 1,790 6.4 1,074 5.8
<45 2,965 12.5 1,622 103 2,371 10.2 2,638 9.5 1,854  10.0
45-49 6,393 270 4,036 257 5,757 2438 6,810 245 4,617 250
50-54 10,049 424 6,923 440 10,307 444 12,560  45.2 8,267 448
55+ 2,199 9.3 1,412 9.0 2,351 10.1 2,928 10.5 1,897 10.3

Postmenopausal, age unknown 816 3.4 552 3.5 766 3.3 1,059 3.8 753 4.1

Current daily routine activity at work or home

Sit during day without much walking 3854  16.6 1,585 10.3 1,673 74 1,380 5.1 745 4.1

Sit much of day but walk fair amount 8,944 38.6 6,087 39.4 7,848 34.5 8,238 30.3 4,693 26.1

Stand/walk a lot during day 7,886  34.1 5514 357 8,940 394 11,303 416 7,644 425
without carrying/lifting things

Lift/carry light loads or climb 2,322 100 2,156 140 4,030 17.7 5,783 213 4,161 23.1
stairs/hills often

Heavy work or carry heavy loads 152 0.7 98 0.6 228 1.0 477 1.8 757 4.2

"Defined as physical activity that lasted at least 20 mins and caused increases in breathing, heart rate, or sweating.—*Missing values were

excluded from percentage calculations.
HT, hormone therapy.

act1v1ty our results are similar to those from 2 case—control stud-
ies suggestmg reduced risk associated with vigorous activity,”

but are in contrast with those from 2 cohort studies observmg no
assoc1at10n 57 Whereas several previous case—control’>*' and
cohort>"12 studies have demonstrated risk reductions for light
and moderate physical activities, we did not observe associations
between frequency of light or moderate/vigorous recreational and
household activities and endometrial cancer risk during recent
years or earlier time periods. We observed no effect modification
by HT, and our findings are generally consistent with previous

7.27 28

investigations as reviewed in Refs. and “°. In the present study,
we observed a stronger protective effect associated with vigorous
activity among overweight and obese women, although the inter-
action was not statistically significant. Although most cohort and
case—control studies have not observed any effect modification by

BMI as reviewed in Refs. 27,28, our findings are in contrast with 1
case—control study”” that observed a stronger effect in Jyomen
with a lower BMI and are consistent with other cohort®!* and
case—control studies'®?® that found stronger associations with
physical activity among women with a high BMIL

Associations with non-vigorous activity were less clear. Occu-
pational physical activity has been associated with a reduced risk
of endometrial cancer in three®*!? of six®1%13 prior cohort stud-
ies, which were conducted in Europe and China. We did not
observe an association with history of occupational activity; how-
ever, we were limited by lack of information on intensity and dose
of these activities, as well as by small numbers of women report-
ing physically demanding jobs, suggesting that occupational activ-
ity is unlikely to be an important population-level source of physi-
cal activity among similar groups of AARP-eligible women. Our
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TABLE III - MULTIVARIATE ADJUSTED RR AND 95% CI FOR THE ASSOCIATION BETWEEN BASELINE PHYSICAL ACTIVITY AND ENDOMETRIAL CANCER INCIDENCE, NIH-AARP DIET AND HEALTH STUDY

Physical activity No. Person-years RR' 95% p for RR® 95% CI p for RR’ 95% CI p for trend

cancers CI trend trend

Current daily routine activity at
work or home

Sit without much walking 104 63,656.5 1.00 <.0001 1.00 <.0001 1.00 0.07
Sit but walk fair amount 389 250,987.7 0.90 (0.73-1.12) 0.89 (0.72-1.11) 1.09 (0.87-1.35)
Stand/walk a lot without 370 292,047.1 0.70 (0.56-0.87) 0.68 (0.55-0.85) 0.97 (0.77-1.21)
carrying/lifting things
Lift/carry light loads or 150 130,859.8 0.63 (0.49-0.81) 0.62 (0.48-0.79) 0.89 (0.69-1.16)
climb stairs/hills often
Heavy work or carry 12 12,284.4 0.57 (0.31-1.03) 0.59 (0.32-1.06) 0.81 (0.45-1.48)
heavy loads

Vigorous physical activity
during typical month
in past 12 months

Never/Rarely 292 162,322.2 1.00 <.0001 1.00 <.0001 1.00 0.02
1-3 times/month 149 110,490.4 0.78 (0.64-0.95) 0.77 (0.63-0.93) 0.84 (0.69-1.02)
1-2 times/week 221 162,617.4 0.77 (0.65-0.92) 0.74 (0.62--0.89) 0.88 (0.73-1.04)
3-4 times/week 244 195,345.4 0.70 (0.59-0.83) 0.66 (0.56-0.79) 0.85 (0.72-1.02)
5+ times/week 139 130,077.2 0.60 (0.49-0.73) 0.56 (0.46-0.68) 0.77 (0.63-0.95)

Frequency of participation in
physical activities or sports
during typical month between
ages 15-18 years old

Never/Rarely 169 129,904.3 1.00 0.22 1.00 0.16 1.00 0.22
1-3 times/month 81 71,174.2 0.89 (0.68-1.16) 0.90 (0.69-1.18) 0.91 (0.70-1.19)
1-2 times/week 197 137,879.0 1.10 (0.90-1.35) 1.10 (0.90-1.35) 1.13 (0.92-1.39)
34 times/week 258 184,622.4 1.06 (0.88-1.29) 1.09 (0.89-1.32) 1.10 (0.91-1.34)
5+ times/week 340 237,840.6 1.09 (0.90-1.31) 1.10 (0.92-1.32) 1.09 (0.91-1.31)

IRelative risks adjusted for age (continuous).—zRelative risks adjusted for age (continuous), race (white vs. other/unknown), smoking status (never, former, current or unknown), parity (nulli-
parous, one, two, >three births or unknown), ever use of oral contraceptives (no, yes, unknown), age at menopause (premenopausal, natural menopause at <45, 45-49, 50-54, or >55 years of age,
or unknown age at menopause) and ever use of hormone therapy (no, yes).—"Relative risks additionally adjusted for body mass index (continuous).

Not shown are unknown current daily routine activity (27 cancers and 16,335 person—years), vigorous activity (7 cancers and 5,318 person—years) and activity between the ages of 15-18 years
(7 cancers and 4,750 person—years).

CI, confidence interval; RR, relative risk.
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TABLE IV - MULTIVARIATE ADJUSTED RR AND 95% CI FOR THE ASSOCIATION BETWEEN HISTORY OF OCCUPATIONAL PHYSICAL ACTIVITY AND
ENDOMETRIAL CANCER INCIDENCE AMONG WOMEN WHO COMPLETED THE SECOND QUESTIONNAIRE, NIH-AARP DIET AND HEALTH STUDY

] hoycsfgﬁagg?fln ., No.cancers  Person-years RR' 95% C1 plor pe* 95% CI por gy’ 95% CI p for trend
Number of physically
demanding jobs
None 525 370,721.1  1.00 0.78 1.00 0.48 1.00 0.95
12 90 63,460.0 1.03 (0.82-1.29) 1.07  (0.85-1.33) 0.99 (0.79-1.23)
3-5 18 13,188.5 1.01 (0.63-1.62) 1.09  (0.68-1.74) 098 (0.61-1.57)
6+ i0 6,898.9 1.07 (0.57-2.00) 1.14  (0.61-2.13) 1.03  (0.55-1.93)
Number of years
with physically
demanding jobs
None or less 548 387,002.0 1.00 059 1.00 036 1.00 0.90
than 1 year
12 8 9,5329 0.62 (0.31-1.25) 0.66 (0.33-1.32) 0.60  (0.30-1.20)
3-5 24 12,877.6 138 (0.92-2.08) 1.47  (0.97-2.21) 1.34  (0.89-2.02)
6-9 9 10,146.5 0.66 (0.34-1.28) 0.69 (0.36-1.33) 0.63 (0.33-1.23)
10+ 54 34,800.6 1.12 (0.84-1.48) 1.17 (0.88-1.54) 1.06  (0.80-1.40)
Number of years
walked or biked
to work most days
None or less 560 395,140.9 1.00 089 1.00 0.62 1.00 0.68
than 1 year
12 31 17,5992 126 (0.88-1.80) 1.27  (0.88-1.82) 123 (0.86-1.76)
3-5 25 19,280.8 091 (0.61-1.36) 0.88 (0.59-1.32) 0.88 (0.59-1.31)
6-9 18 8,0092 155 (0.97-248) 1.50  (0.94-2.40) 1.54  (0.96-2.46)
10+ 13 12,625.6  0.70 (0.40-1.21) 0.65 (0.37-s1.12) 0.66 (0.38-1.15)

'Relative risks adjusted for age (continuous).— Relative risks adjusted
(never, former, current or unknown), parity (nulliparous, one, two, >t
unknown), age at menopause (premenopausal, natural menopause at <45,

for age (continuous), race (white vs. other/unknown), smoking status
hree births or unknown), ever use of oral contraceptives (no, yes,
4549, 50—54 or >55 years of age, or unknown age at menopause),

and hormone therapy formulation (never used, ET use, EPT use or unknown HT use).— 3Relative risks additionally adjusted for body mass index

(continuous).

Not shown are unknown number of physically demanding jobs (7 cancers and 3,084 person—years), number of years with a physically
demanding job (7 cancers and 2,993 person—years), and number of years walked or biked to work (3 cancers and 4,697 person—years).

CI, confidence interval; RR, relative risk.

TABLE V - MULTIVARIATE ADJUSTED RR AND 95% CI FOR THE ASSOCIATION BETWEEN SEDENTARY BEHAVIORS AND ENDOMETRIAL CANCER
INCIDENCE AMONG WOMEN WHO COMPLETED THE SECOND QUESTIONNAIRE, NIH-AARP DIET AND HEALTH STUDY

Sedentary  No.  person-years  RR' 95% CI p for RR” 95% CI p for RR’ 95% C1 p for
Hours spent watching TV/videos
during typical 24 hour period
in past 12 months
<3 198 167,821.7  1.00 0.002 1.00 0.0003 1.00 0.26
34 286 192,076.6  1.20  (1.00-1.44) 124  (1.03-1.49) .11 (0.92-1.33)
5-6 117 70,739.4 1.30  (1.03-1.64) 136 (1.08-1.72) 1.08  (0.86-1.37)
7+ 48 24,935.6 153 (1.12-2.10) 1.66  (1.20-2.28) 121  (0.87-1.67)
Hours spent sitting during typical
24 hour period in past 12 months
<3 111 98,017.6 1.00 <.0001  1.00 <.0001  1.00 0.02
34 171 130,9989  1.14  (0.90-1.45) 1.15  (0.90-1.46) 1.07  (0.85-1.37)
5-6 203 123,3740 148  (1.17-1.86) 148  (1.18-1.87) 131  (1.04-1.65)
7+ 164 102,884.6  1.54  (1.21-1.96) 156 (1.22-1.99) 126 (0.99-1.62)

'Relative risks adjusted for age (continuous).—>Relative risks adjusted

for age (continuous), race (white vs. other/unknown), smoking status

(never, former, current or unknown), parity (nulliparous, one, two, >three births or unknown), ever use of oral contraceptives (no, yes, unknown),
age at menopause (premenopausal, natural menopause at <45, 45-49, 50-54 or >55 years of age, or unknown age at menopause), and hormone

therapy formulation (never used, ET use, EPT use or unknown HT use).—3R

elative risks additionally adjusted for body mass index (continuous).

Not shown are unknown hours spent watching TV/videos (1 cancer and 1,779 person-years) and hours spent sitting (1 cancer and 2,077 per-

son-—years).
CI, confidence interval; RR, relative risk.

results showing a positive dose-response relation between
increased duration of sitting, but not watching TV, and endome-
trial cancer risk after additional adjustment for BMI are not directly
comparable with the findings from the Swedish Mammography and
Cancer Prevention Study II Cohorts, which both measured inactivity
with a combined question for TV and sitting; one study found ele-
vated risk among those watching TV/sitting >5 hr per day,® whereas
the other did not observe a statistically significant association for
hours per day of TV/sitting after adjustment for BML"

There are several plausible biologic mechanisms for the
observed associations between vigorous activity, inactivity and
endometrial cancer. Endometrial carcinogenesis is thought to be
caused, in part, by estrogens that are insufficiently counterbal-
anced by progesterone.”’ Physical activity may reduce endome-
trial cancer risk directly by decreasing levels of biologically avail-
able estrogens, as evidenced by studies r 3pomng lower serum
estrogen levels among more active women. Physical activity
may also indirectly influence endometrial cancer risk through
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TABLE VI - MULTIVARIATE ADJUSTED RR AND 95% CI FOR THE ASSOCIATION BETWEEN BASELINE VIGOROUS PHYSICAL ACTIVITY AND
ENDOMETRIAL CANCER BY BMI, NIH-AARP DIET AND HEALTH STUDY

Vigorous physical No. 1 for 3 for for
mﬁ%‘% g:;nlg;mm i caneirs Person-years RR 95% CI P end RR 95% CI B d intoraction
BMI <25

Never/Rarely 53 59,559.7 1.00 0.92 1.00 0.21 0.12

1-3 times/month 37 44,116.1 0.98 (0.65-1.50) 0.89 (0.59-1.36)

1-2 times/week 70 73,250.7 1.10 (0.77-1.58) 0.97 (0.68-1.38)

3—4 times/week 102 102,612.0 1.13 (0.81-1.58) 0.93 (0.67-1.31)

5+ times/week 62 77,168.1 0.91 (0.63-1.32) 0.76 (0.52-1.10)

BMI 25+

Never/Rarely 239 102,762.5 1.00 <.0001 1.00 <.0001

1-3 times/month 112 66,374.3 0.76 (0.61-0.95) 0.76 (0.61-0.95)

1-2 times/week 151 89,3606.7 0.74 (0.61-0.91) 0.73 (0.60-0.90)

3—4 times/week 142 92,733.5 0.66 (0.53-0.81) 0.66 (0.53-0.81)

5+ times/week 77 52,909.1 0.62 (0.48-0.80) 0.61 (0.47-0.79)

IRelative risks adjusted for age (continuous)l—zRelative risks adjusted for age (continuous), race (white vs. other/unknown), smoking status
(never, former, current or unknown), parity (nulliparous, one, two, >three births or unknown), ever use of oral contraceptives (no, yes,
unknown), age at menopause (premenopausal, natural menopause at <45, 45-49, 50-54, or >55 years of age, or unknown age at menopause),

and ever use of hormone therapy (no, yes).

Not shown are unknown vigorous activity among women with BMI <25 (1 cancer and 2,362 person—years) and unknown vigorous activity

among women with BMI 25+ (6 cancers and 2,956 person—years).
BMI, body mass index; CI, confidence interval; RR, relative risk.

Jower body weight,* because peripheral conversion of androgens
to estrogens by aromatase occurs in the adipose tissue.*! Hence,
the reduction in bioavailable estrogens associated with increased
physical activity may in part explain the stronger associations we
observed for vigorous activity among overweight and obese
women, who have increased peripheral estrogen synthesis.
Although physical activity and BMI are strongly linked, we
observed significant dose-response relationships for vigorous ac-
tivity and inactivity after adjustment for BMI and other potential
confounding factors, suggesting that vigorous activity and inac-
tivity independently affect endometrial cancer risk apart from
their association with BMI. However, measurement error or re-
sidual confounding by BMI could also explain the apparent inde-
pendence of these correlated factors. Finally, physical activity
may influence growth factors and changes in immune function,*
both_of which are thought to be related to endometrial cancer
risk.>*?

Although we assessed numerous potential confounding fac-
tors, it is possible that the observed associations may be
explained by unmeasured lifestyle factors, such as socioeco-
nomic status, which was shown to confound the association
between occupational activity and endometrial cancer in a previ-
ous study.’® TInclusion of education in multivariate analyses,
however, did not materially change results for any of the activity
measures. Additional limitations may have affected our findings.
Physical activity was self-reported, introducing the possibility of
exposure misclassification which would most likely attenuate
any true association between physical activity and endometrial
cancer if all misclassification were non-differential. Neverthe-
less, we detected a significant inverse association for frequent
vigorous activity of >20 min in duration. Previous studies have
demonstrated better recall for vigorous activities than activities
of lower intensity,‘“’44 which could have contributed to the
observed reduced risk with vigorous activity as opposed to null
associations for light and moderate/vigorous recreational and
household activities in our study. Our physical activity questions
were not validated, but the measure of vigorous activity was
structured according to the American College of Sports Medi-
cine’s physical activity guidelines, which recommend >20 min
of continuous vigorous exercise 3 times per week as a means of
improving cardiorespiratory fitness.”™ In addition, most of the
pairwise correlations between reported physical activity ques-
tionnaire items were weak to modest, indicating both good inter-
nal consistency for activity types as well as an ability for the
questions to measure different aspects of physical activity with-
out being redundant.

In summary, this study provides evidence for a protective effect
of vigorous activity and a deleterious role of inactivity with
respect to endometrial cancer risk. Our findings are in support of
the accumulating body of evidence from epidemiologic studies,
which suggest that physical activity is important in the etiology of
endometrial cancer. It will be important to clarify underlying
mechanisms, including those relating to hormonal alterations.
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