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Abstract
Purpose—Physical activity may influence ovarian cancer risk and outcomes through effects on
ovulation, inflammatory markers and other processes. We examined associations between self-
reported physical activity and ovarian cancer risk and survival in a population-based, case-control
study in North Carolina.

Methods—The analyses involved 638 epithelial ovarian cancer cases and 683 controls recruited
between 1999-2008. Logistic regression analyses were used to assess ovarian cancer risk in
relation to reported average physical activity at various time periods. Kaplan-Meier analyses and
proportional hazards modeling were used to assess associations between physical activity and
survival among ovarian cancer cases.

Results—Modestly reduced risks for ovarian cancer were observed in some categories of
physical activity, but there were no consistent patterns of greater reductions in risk with higher
activity levels. Physical activity prior to diagnosis was not significantly related to ovarian cancer
survival overall, but survival was better for women who reported >2 hours of activity/week as
compared to those reporting <1 hour/week among women who were non-obese (multivariable
hazard ratio=0.69, 95% CI 0.47 – 1.00)

Conclusions—Our data provide weak evidence in support of beneficial effects of physical
activity on ovarian cancer risk and survival, but results should be interpreted cautiously because of
the lack of a clear dose response relation with higher levels of exercise and the likely
misclassification of self-reported activity.

Introduction
Physical activity has been examined as a risk factor for many types of cancer, with
consistent findings of protective associations for certain types of cancer, including colon and
postmenopausal breast cancer.(1-3). The literature on physical activity and ovarian cancer
risk is more limited, and the evidence for a protective association is less clear than for other
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types of cancer. Although the majority of the studies in the literature have not reported
statistically significant inverse associations between physical activity and epithelial ovarian
cancer risk (4-19), a meta-analysis of twelve cohort and case-control studies reported a
pooled estimate of an approximate 20% reduction in ovarian cancer risk when comparing
the highest to the lowest categories of recreational physical activity.(19) Proposed
mechanisms for the protective effects of physical activity on ovarian cancer include its
effects on ovulation, sex hormone levels, metabolic pathways, inflammatory markers and
the immune system.(19-22)

Physical activity has been associated with improved survival in breast and colorectal cancer
(23-27), but there are few reports on the effect of physical activity and ovarian cancer
outcomes. To our knowledge, only one published paper has described associations between
physical activity and ovarian cancer survival. The investigators reported no significant
associations with either recent or early life physical activity.(28) Other cross-sectional
analyses on the effects of physical activity in women with an ovarian cancer diagnosis
suggest that cases who engage in physical activity have a better quality of life, less fatigue,
less peripheral neuropathy and improved psychosocial functioning.(29,30) Whether these
benefits of physical activity translate into improved survival has not yet been studied in
ovarian cancer patients.

In this report we use data from a population-based case-control study to evaluate the
relationship between self-reported physical activity at different periods of life on both
ovarian cancer risk and survival. Because physical activity is a modifiable risk factor, if it is
shown to be associated with reduced risk for or improved survival from ovarian cancer, it
could represent an intervention to reduce morbidity and mortality from this highly lethal
disease.

Methods
The study population was subjects from the North Carolina Ovarian Cancer Study, a
population-based, case-control study conducted between 1999 and 2008. Cases were
identified through the North Carolina Central Cancer Registry using rapid case
ascertainment. Eligible cases had epithelial ovarian cancer, were aged 20 to 74 years at
diagnosis, had no prior history of ovarian cancer and resided in the 48-county study area.
They had to be mentally competent to give informed consent and complete an interview in
English. All cases underwent standardized pathology review to confirm the diagnosis.
Among 1671 eligible cases, 1107 (66.2%) agreed to be in the study. Reasons for non-
participation were death (n=67, 4.0%), debilitating illness (n=44, 2.6%), physician refusal
(n=79, 4.7%), patient refusal (n=194, 11.6%) and inability to contact (n=180, 10.8%).

Control women from the same 48-county region were identified using random digit dialing
and were frequency matched to cases by age (five-year categories) and race (Black/non-
Black). As with the cases, controls had to be English-speaking and mentally competent to
complete the interview. Controls were required to have at least one intact ovary and no
history of ovarian cancer. Screening for eligibility could not be completed for 14% of phone
numbers. Among women who passed the eligibility screening (n=2378), 73% agreed to be
sent additional study information. Among these 1736 potential controls, 1053 agreed to be in
the study (60.7%). Non-participation was due to refusal (n=474, 27.3%), inability to contact
(n=207, 11.9%) and death (n=2, 0.1%). The protocol was approved by the Duke University
Medical Center Institutional Review Board and the human subjects committees at the
Central Cancer Registry and each hospital where cases were identified.
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In-person interviews were conducted by nurses who obtained written informed consent,
administered a questionnaire, drew a blood sample and performed anthropometric
measurements (height, weight, and waist and hip circumferences). The risk factor
information collected included family history of cancer, reproductive history, hormone use
and lifestyle characteristics such as smoking and alcohol consumption. Physical activity was
ascertained by asking each subject to report the number of hours per week participating in
aerobic activities, defined as activities that raised one's heart rate or made one sweat. The
amount of activity was reported for the teenage years and each age decade from the 20s to
the 70s. For the present analyses, categories of physical activity were ≤1 hour per week, >1
to ≤2 hours per week, >2 to ≤3 hours per week and >3 hours per week. Physical activity
questions used for this analysis were added to the survey midway through the study, and
these data were available for approximately two-thirds of the study subjects (638 cases and
683 controls). The results in this paper focus on the average aerobic activity over a woman's
lifetime (starting at age 20), her average activity in the previous 10 years and her activity at
the point one year prior to diagnosis or interview.

For the survival analyses, information on date of death among the ovarian cancer cases was
obtained from the Social Security Death Index and from the North Carolina Central Cancer
Registry. The last search for deaths was performed in May 2009, which would identify
deaths that occurred through January 2009, because of the lag time for deaths to appear in
the index. Any woman for whom there was no report of a death from either source was
presumed alive as of that date.

Comparisons of risk factor characteristics between cases and controls or between cases that
survived and those who died were evaluated with chi-square tests, t-tests and logistic
regression. Unconditional logistic regression models were used to calculate odds ratios
(ORs) and 95 percent confidence intervals (CIs) associated with various measures of
physical activity, controlling for the matching variables of age and race and other potential
confounders including established ovarian cancer risk factors (oral contraceptive use,
months of pregnancy, family history of ovarian cancer, menopausal status) and factors
related to physical activity (body mass index (BMI) and smoking status). Kaplan-Meier
plots were used to compare the survival experience of the ovarian cancer cases by levels of
physical activity. Cox proportional hazards models were used to calculate hazards ratios
(HRs) and 95% CIs for various levels of physical activity controlling for potential
confounding variables. The proportional hazards assumption was tested using Martingale
residuals and the assumption was not violated for any of the covariates included in the
models.

Results
The analyses were restricted to cases with invasive epithelial ovarian cancer and those cases
and controls who provided information on physical activity (638 cases and 683 controls).
The distribution of levels of physical activity among cases and controls by selected
characteristics is presented in Table 1. We observed statistically significant differences in
reported levels of physical activity by BMI in both cases and controls (p=0.009 and 0.003,
respectively), by age in cases (p=0.006) and by oral contraceptive use in controls (p=0.018).
As reported previously (31), case-control comparisons in our study population showed the
expected inverse associations with pregnancy and oral contraceptive use and increased risk
with a family history of ovarian cancer in a first degree relative. There were no significant
associations with smoking history or BMI (data not shown).

Associations between categories of physical activity and ovarian cancer risk are presented in
Table 2. We examined associations with reported activity one year prior to diagnosis or
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interview, average activity in the ten years before diagnosis or interview and average
activity during adulthood. As compared to women reporting less than one hour of aerobic
activity per week, women reporting 1 to <2 hours per week of activity in the year before or
in the 10 years before diagnosis/interview had a statistically significant reduced risk for
ovarian cancer. Most of the ORs associated with higher levels of activity tended to be less
than one, however the associations were not statistically significant and there were no
consistent trends of greater reductions in risk with more hours of reported activity per week.
Adjustment for BMI and other ovarian cancer risk factors did not result in important
changes in the ORs as compared to those adjusted only for age and race. Excluding the term
for BMI from the multivariable models had minimal effects on the OR estimates.

Duration of follow-up for the ovarian cancer cases ranged from 3 to 111 months, with a
median follow-up time of 38.5 months. There were 238 deaths among the 638 women with
ovarian cancer. A comparison of characteristics of ovarian cancer cases who survived and
those who died is presented in Table 3. The mean age at diagnosis among the women who
died was two years older than the women who were still alive at the last follow-up. As
expected, higher stage and less differentiated grade were strongly predictive of mortality.
Survival was better for women who had cancers with mucinous, endometrioid or clear cell
histologies as compared to those with serous or other histologies. Survival was not
significantly associated with oral contraceptive use, family history of ovarian cancer, BMI
or smoking status. There also were no statistically significant associations with selected co-
morbid conditions including diabetes, thyroid conditions, depression and prior cancer
diagnoses.

In Table 4, we present hazard ratios by level of reported physical activity at one year before
diagnosis or interview, average activity in the 10 years before diagnosis or interview and
average activity during adulthood. Overall, we found no statistically significant associations
between physical activity and survival for any of these time periods. In further analyses, we
examined the associations between physical activity at one year before diagnosis stratifying
by BMI. In Figures 1 and 2, we depict Kaplan Meier survival curves comparing women with
<1 hour/week of activity at one year before diagnosis to those with >2 hours/week,
stratifying by reported BMI one year before diagnosis. Among women with a BMI<30,
those with <1 hour/week of reported physical activity had significantly poorer survival than
those reporting >2 hours/week of activity (Figure 1, p=0.043 by log-rank test), whereas
among women with a BM≥30, there was no association between physical activity and
ovarian cancer survival (Figure 2, p=0.77). The significant association among women with a
BMI<30 that we observed in the unadjusted Kaplan Meier analysis also was observed in
multivariable analyses controlling for age, race, menopausal status, smoking status, first
degree family history of ovarian cancer, TNM stage and grade. The hazard ratio associated
with >2 hours/week of aerobic activity was 0.69 (95% CI 0.47 – 1.00) compared to those
with <1 hour/week of activity among the women with a BMI<30.

Discussion
Our results provide weak evidence in support of a reduced risk of ovarian cancer among
women who engaged in aerobic physical activity as compared to those who reported less
than one hour of activity per week. Although most of the ORs associated with higher levels
of physical activity were less than one, statistically significant associations were identified
only for women reporting one to two hours of weekly activity in either the year before or the
ten years before diagnosis. There was no clear dose response relation between the amount of
physical activity and risk for ovarian cancer. The magnitude of the ORs for ovarian cancer
risk in the present study, while not statistically significant, are consistent with a meta-
analysis conducted by Olsen et al. (19) in which they reported a pooled relative risk of 0.81
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(95% CI , 0.72 – 0.92) when comparing the highest to lowest categories of recreational
physical activity. It is noteworthy that among the individual studies included in the meta-
analysis, the majority showed modest inverse associations with physical activity that were
not statistically significant. In additional studies published after the meta-analysis, a case-
control study (4) reported a significant inverse relationship among women with the highest
frequency and intensity of physical activity whereas a cohort study (32) reported no
association with either vigorous or moderate physical activity.

The lack of statistically significant associations between physical activity and ovarian cancer
risk in most studies may reflect that the risk reduction associated with higher levels of
physical activity is modest and some of the studies may have had inadequate power to detect
an association. It also may be a reflection of the difficulty in measuring physical activity in
relation to cancer risk, where the most relevant exposure period may be many years before
the actual diagnosis of cancer. An individual's physical activity is likely to vary across
seasons of the year and over one's lifespan. Many epidemiologic studies, including the North
Carolina Ovarian Cancer Study, asked study participants to give an estimate of average
physical activity in various periods of life, a task that is challenging and fraught with error.
In addition, the questions used to assess physical activity vary in detail across studies, with
various surveys obtaining more or less detail about the type of activity, intensity and
frequency.

The effect of the misclassification of physical activity would depend in part on whether it
differed by case-control status. It is impossible to determine with certainty whether there is
differential misclassification between cases and controls, however one approach is to
compare findings from case-control studies to those from cohort studies, where report of
physical activity precedes the diagnosis and would not be subject to recall bias related to
case status. In the meta-analysis by Olsen, et al.(19), the pooled estimate from the case-
control studies (OR= 0.79, 95% CI 0.70 – 0.85) was very similar to the pooled estimate from
the cohort studies (OR=0.81, 95% CI 0.72 – 0.92). The similarity of these estimates argues
against the ORs in case-control studies being biased due to differential misclassification of
physical activity. Instead, it suggests that the inevitable misclassification of physical activity
is likely to be non-differential by case-control status. In the situation of a dichotomous
variable, non-differential misclassification usually results in an underestimate of the true
association however misclassification of a multilevel variable like physical activity would
not necessarily result in a bias towards the null. Therefore it cannot be concluded with
certainty that misclassification of physical activity will result in an attenuation of its true
association with ovarian cancer.

A limitation of our study is its low response rates, particularly among control women. The
lack of information from non-participants precludes us from determining how non-response
may have affected our findings, however our study population does show the expected
associations with well-established risk factors for ovarian cancer. In addition, when we
compared selected characteristics of the controls to comparable statistics reported by the
North Carolina Behavioral Risk Factor Surveillance Study, we found similar prevalences of
factors such as smoking, hysterectomy status and overweight, suggesting that the controls
were a fairly representative sample of the North Carolina population despite the sub-optimal
response rates.

Our North Carolina study population differs from other studies of ovarian cancer in its racial
composition, with African American women comprising approximately 10% of the
population. We did find that African American women reported levels of physical activity
that were somewhat lower, although not statistically significant different from white women.
Our analyses controlled for race as a potential confounding variable.
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Our analyses of physical activity among ovarian cancer cases found evidence of improved
survival for women who engaged in greater than two hours of activity per week as compared
to those who reported less than one hour per week, but only among women who were not
obese (BMI<30kg/m2). In the only other published study of physical activity and ovarian
cancer survival, a population-based, prospective study conducted in Sweden, there was no
overall association between physical activity during childhood, young adulthood or recent
years and survival after ovarian cancer, but there was a statistically significant survival
advantage among women with Stage I or II disease who were in the highest category of
activity at ages 18 to 30.(28)

Although the literature on physical activity and ovarian cancer survival is very limited,
studies of other cancer types that have evaluated physical activity both before and after
diagnosis suggest that higher levels of physical activity may improve outcomes in people
diagnosed with cancer. (23-26,33) Higher levels of self-reported physical activity and
measures of cardiorespiratory fitness have been associated with improved survival from
breast, colorectal and lung cancer.(23-26,33) Further studies among women with ovarian
cancer, including intervention studies designed to improve fitness after diagnosis, are
warranted.

An obvious limitation of both our analysis and the Swedish survival study is that the
physical activity data were collected shortly after the time of the ovarian cancer diagnosis
and no information was obtained about changes in physical activity that occurred after
diagnosis. One might presume that the women who were most physically active before
being diagnosed with cancer would be more likely to continue to exercise, but individual
variation is expected. Some women who were physically active before their cancer diagnosis
may have been unable to continue to exercise at the same level afterwards, whereas the
cancer diagnosis could have served as an impetus to improve lifestyle habits among some
women who were inactive before their diagnosis. It is also likely that the ability to exercise
after diagnosis may be related to stage of disease, and women with more advanced disease
and a poorer prognosis may be less likely to engage in physical activity. The uncertainty
about how pre-diagnostic exercise patterns relate to post-diagnosis physical activity
underscores the limitation of having reports of physical activity only around the time of
diagnosis.

Our survival analyses also are limited by the incomplete information on co-morbid
conditions, which could be associated with both physical activity and risk for death. Our
analyses were based on deaths from all causes, of which the vast majority would be
expected to be ovarian cancer-related, however there is the possibility of confounding by co-
morbid conditions. A prospective study that ascertains changes in physical activity in the
months and years following an ovarian cancer diagnosis and has more specific information
on other conditions that contribute to risk for mortality could provide more definitive
evidence on the effect of physical activity on ovarian cancer survival.

Overall, our findings are suggestive of modest benefits of physical activity in relation to
both ovarian cancer risk and survival. While the interpretation of our results must be
tempered by considering the inevitable misclassification of physical activity in retrospective
epidemiologic studies, there are biological reasons that support the plausibility of exercise
reducing cancer risk and improving survival.(20)

The factors most consistently associated with ovarian cancer risk, oral contraceptive use and
greater number of pregnancies, are hypothesized to reduce risk by reducing the number of
ovulatory cycles.(34) It is well-established that physical activity affects menstrual patterns.
Oligomenorrhea or amenorrhea is commonly reported in competitive athletes, and increases

Moorman et al. Page 6

Ann Epidemiol. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



in cycle length have been reported among women engaging in less vigorous activity who
continue to cycle regularly.(35,36) Although relatively few women in our study reported
activity levels that would likely result in amenorrhea, more subtle effects of moderate
physical activity on menstrual cycle length could result in fewer lifetime ovulatory cycles
and reduce ovarian cancer risk.

Effects on inflammatory processes and immune response also could account for reduced risk
of or better prognosis after ovarian cancer in more physically active women. Epithelial
inflammation has been proposed as a common pathway linking several established risk
factors for ovarian cancer including ovulation, endometriosis and talc exposure.(37) In some
studies, physical activity has been associated with reduced levels of inflammatory markers
such as C-reactive protein and tumor necrosis factor (TNF)-α.(20) Similarly, markers of
immune function have been reported to be enhanced among those engaging in moderate
levels of physical activity. (20)

The data from the present study add to the body of literature on physical activity ovarian
cancer risk and survival. While some of the findings are weakly supportive of inverse
associations with both risk and survival, our study was limited by the many challenges of
assessing physical activity in epidemiologic studies, including retrospective assessment of
activity over a lifetime, inaccurate recall and lack of objective measures of physical fitness.
The literature on the effects of physical activity on ovarian cancer risk and survival is
suggestive, but not conclusive, that there are beneficial effects. Although it is not clear what
it is about exercise that will specifically benefit ovarian cancer patients, the general health
benefits that accompany physical activity suggest that recommendations to engage in
exercise training to the extent possible would be reasonable and prudent for ovarian cancer
patients.
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Figure 1.
Survival among ovarian cancer cases by level of reported aerobic physical activity at one
year before diagnosis, cases with body mass index (BMI) <30kg/m2.
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Figure 2.
Survival among ovarian cancer cases by level of reported aerobic physical activity at one
year before diagnosis, cases with body mass index (BMI) ≥30kg/m2.

Moorman et al. Page 11

Ann Epidemiol. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moorman et al. Page 12

Ta
bl

e 
1

R
ep

or
te

d 
ph

ys
ic

al
 a

ct
iv

ity
 le

ve
ls

 a
t o

ne
 y

ea
r b

ef
or

e 
di

ag
no

si
s o

r i
nt

er
vi

ew
 fo

r c
as

es
 a

nd
 c

on
tro

ls
 b

y 
le

ve
ls

 o
f p

ot
en

tia
l c

on
fo

un
di

ng
 v

ar
ia

bl
es

, t
he

 N
or

th
C

ar
ol

in
a 

O
va

ria
n 

C
an

ce
r S

tu
dy

C
as

es
C

on
tr

ol
s

W
ee

kl
y 

ho
ur

s o
f a

er
ob

ic
 a

ct
iv

ity
W

ee
kl

y 
ho

ur
s o

f a
er

ob
ic

 a
ct

iv
ity

N
≤1

 h
r

>1
 to

 ≤
2

>2
 to

 <
3

>3
N

≤1
 h

r
>1

 to
 ≤

2
>2

 to
 <

3
>3

A
ge

 (y
ea

rs
)

 
<5

0
15

2
42

.8
%

27
.6

%
20

.4
%

9.
2%

18
9

45
.0

%
26

.5
%

14
.8

%
13

.8
%

 
50

 –
 5

9
20

6
44

.7
%

24
.3

%
13

.6
%

17
.5

%
24

4
43

.0
%

29
.9

%
13

.9
%

13
.1

%

 
60

 –
 6

9
20

2
56

.9
%

20
.8

%
9.

4%
12

.9
%

18
0

42
.8

%
27

.8
%

12
.2

%
17

.2
%

 
70

 - 
74

78
61

.5
%

16
.7

%
11

.5
%

10
.3

%
70

51
.4

%
24

.3
%

12
.9

%
11

.4
%

R
ac

e

 
A

fr
ic

an
 A

m
er

ic
an

80
47

.5
%

30
.0

%
15

.0
%

7.
5%

13
4

49
.3

%
24

.6
%

15
.7

%
10

.4
%

 
A

ll 
ot

he
rs

55
8

50
.5

%
22

.0
%

13
.4

%
14

.0
%

54
9

43
.2

%
28

.6
%

13
.1

%
15

.1
%

Pr
eg

na
nc

y 
(m

on
th

s)

 
N

on
e

10
6

50
.9

%
25

.5
%

13
.2

%
10

.4
%

60
46

.7
%

23
.3

%
16

.7
%

13
.3

%

 
1 

to
 8

33
48

.5
%

24
.2

%
18

.2
%

9.
1%

34
44

.1
%

26
.5

%
17

.6
%

11
.8

%

 
9 

to
 1

8
23

5
45

.1
%

24
.3

%
15

.3
%

15
.3

%
25

5
38

.8
%

32
.2

%
16

.9
%

12
.2

%

 
>1

8
26

0
55

.0
%

21
.2

%
11

.9
%

11
.9

%
30

48
.5

%
25

.5
%

10
.3

%
15

.8
%

O
ra

l c
on

tra
ce

pt
iv

es

 
N

on
e

21
4

58
.4

%
18

.7
%

10
.7

%
12

.1
%

17
2

53
.5

%
23

.3
%

11
.6

%
11

.6
%

 
<1

 y
ea

r
92

42
.4

%
26

.1
%

12
.0

%
19

.6
%

77
37

.7
%

31
.2

%
19

.5
%

11
.7

%

 
1 

to
 <

5 
ye

ar
s

13
4

49
.3

%
23

.1
%

14
.2

%
13

.4
%

19
2

43
.2

%
25

.5
%

18
.2

%
13

.0
%

 
≥

5 
ye

ar
s

16
1

46
.0

%
28

.0
%

16
.1

%
9.

9%
21

4
43

.0
%

30
.4

%
8.

4%
18

.2
%

M
en

op
au

sa
l s

ta
tu

s

 
Po

st
45

6
53

.1
%

22
.4

%
11

.4
%

13
.2

%
45

7
44

.4
%

28
.0

%
13

.1
%

14
.4

%

 
Pr

e
17

4
43

.7
%

25
.9

%
18

.4
%

12
.1

%
22

0
43

.6
%

28
.2

%
14

.1
%

14
.1

%

Fa
m

ily
 h

is
to

ry
 o

f o
va

ria
n

ca
nc

er
 in

 1
st
 d

eg
re

e 
re

la
tiv

e

 
N

o
59

5
50

.1
%

23
.4

%
13

.8
%

12
.8

%
66

3
43

.9
%

27
.9

%
14

.0
%

14
.2

%

 
Y

es
42

50
.0

%
19

.0
%

11
.9

%
19

.0
%

18
55

.6
%

27
.8

%
0.

0%
16

.7
%

B
od

y 
m

as
s i

nd
ex

Ann Epidemiol. Author manuscript; available in PMC 2012 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moorman et al. Page 13

C
as

es
C

on
tr

ol
s

W
ee

kl
y 

ho
ur

s o
f a

er
ob

ic
 a

ct
iv

ity
W

ee
kl

y 
ho

ur
s o

f a
er

ob
ic

 a
ct

iv
ity

N
≤1

 h
r

>1
 to

 ≤
2

>2
 to

 <
3

>3
N

≤1
 h

r
>1

 to
 ≤

2
>2

 to
 <

3
>3

 
<2

5
24

6
39

.8
%

26
.4

%
16

.7
%

17
.1

%
24

5
35

.1
%

31
.0

%
14

.7
%

19
.2

%

 
25

 to
 <

30
17

1
54

.4
%

21
.1

%
11

.1
%

13
.5

%
19

8
42

.4
%

28
.3

%
17

.7
%

11
.6

%

 
30

 to
 <

35
10

5
54

.3
%

23
.8

%
10

.5
%

11
.4

%
11

4
52

.6
%

23
.7

%
11

.4
%

12
.3

%

 
≥

35
90

63
.3

%
17

.8
%

13
.3

%
5.

6%
10

5
56

.2
%

27
.6

%
7.

6%
8.

6%

Sm
ok

in
g 

st
at

us

 
C

ur
re

nt
11

0
51

.8
%

20
.9

%
18

.2
%

9.
1%

12
9

49
.6

%
28

.7
%

9.
3%

12
.4

%

 
Fo

rm
er

20
9

52
.6

%
20

.6
%

11
.0

%
15

.8
%

20
5

42
.9

%
24

.4
%

18
.0

%
14

.6
%

 
N

ev
er

31
9

48
.0

%
25

.4
%

13
.8

%
12

.9
%

34
9

43
.3

%
29

.5
%

12
.6

%
14

.6
%

St
ag

e

 
I

15
7

48
.4

%
25

.5
%

14
.6

%
11

.5
%

 
II

46
54

.3
%

15
.2

%
17

.4
%

13
.0

%

 
II

I
41

2
50

.5
%

23
.8

%
12

.6
%

13
.1

%

 
IV

17
52

.9
%

5.
9%

11
.8

%
29

.4
%

G
ra

de

 
W

el
l-d

iff
er

en
tia

te
d

77
51

.9
%

28
.6

%
14

.3
%

5.
2%

 
M

od
er

at
el

y 
di

ff
er

en
tia

te
d

16
6

52
.4

%
22

.3
%

12
.7

%
12

.7
%

 
Po

or
ly

 d
iff

er
en

tia
te

d
37

1
49

.9
%

22
.1

%
12

.9
%

15
.1

%

H
is

to
lo

gy

 
Se

ro
us

35
8

48
.9

%
23

.2
%

14
.5

%
13

.4
%

 
M

uc
in

ou
s

33
51

.5
%

24
.2

%
15

.2
%

9.
1%

 
En

do
m

et
rio

id
10

1
58

.4
%

19
.8

%
9.

9%
11

.9
%

 
C

le
ar

 c
el

l
70

42
.9

%
27

.1
%

15
.7

%
14

.3
%

 
O

th
er

76
51

.3
%

22
.4

%
11

.8
%

14
.5

%

Ann Epidemiol. Author manuscript; available in PMC 2012 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moorman et al. Page 14

Ta
bl

e 
2

O
dd

s r
at

io
s (

O
R

s)
 a

nd
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s (
C

Is
) f

or
 o

va
ria

n 
ca

nc
er

 b
y 

re
po

rte
d 

le
ve

l o
f p

hy
si

ca
l a

ct
iv

ity
 in

 d
iff

er
en

t t
im

e 
pe

rio
ds

 b
ef

or
e 

di
ag

no
si

s
or

 in
te

rv
ie

w
, t

he
 N

or
th

 C
ar

ol
in

a 
O

va
ria

n 
C

an
ce

r S
tu

dy
.

C
as

es
C

on
tr

ol
s

A
ge

 a
nd

 r
ac

e
ad

ju
st

ed
M

ul
tiv

ar
ia

bl
e*

ad
ju

st
ed

 w
ith

 B
M

I
M

ul
tiv

ar
ia

bl
e*

*
ad

ju
st

ed
 w

ith
ou

t B
M

I

N
%

N
%

O
R

95
%

 C
I

O
R

95
%

 C
I

O
R

95
%

A
er

ob
ic

 a
ct

iv
ity

 a
t o

ne
 y

ea
r

be
fo

re
 d

ia
gn

os
is

 o
r i

nt
er

vi
ew

 
≤1

 h
ou

r p
er

 w
ee

k
32

0
(5

0.
2)

30
3

(4
4.

4)
1.

00
R

ef
er

en
t

1.
00

R
ef

er
en

t
1.

00
R

ef
er

en
t

 
>1

 to
 ≤

2 
ho

ur
s p

er
 w

ee
k

14
7

(2
3.

0)
19

0
(2

7.
8)

0.
74

(0
.5

7 
– 

0.
97

)
0.

74
(0

.5
5 

– 
0.

99
)

0.
79

(0
.6

0 
– 

1.
04

)

 
>2

 to
 ≤

3 
ho

ur
s p

er
 w

ee
k

87
(1

3.
6)

93
(1

3.
6)

0.
92

(0
.6

6 
– 

1.
28

)
0.

84
(0

.5
8 

– 
1.

22
)

0.
87

(0
.6

1 
– 

1.
24

)

 
>3

 h
ou

rs
 p

er
 w

ee
k

84
(1

3.
2)

97
(1

4.
2)

0.
80

(0
.5

7 
– 

1.
11

)
0.

74
(0

.5
1 

– 
1.

07
)

0.
76

(0
.5

3 
– 

1.
09

)

A
ve

ra
ge

 a
er

ob
ic

 a
ct

iv
ity

 in
 1

0
ye

ar
s b

ef
or

e 
di

ag
no

si
s o

r
in

te
rv

ie
w

 
≤1

 h
ou

r p
er

 w
ee

k
22

3
(3

5.
0)

20
9

(3
0.

6)
1.

00
R

ef
er

en
t

1.
00

R
ef

er
en

t
1.

00
R

ef
er

en
t

 
>1

 to
 ≤

2 
ho

ur
s p

er
 w

ee
k

17
7

(2
7.

7)
23

5
(3

4.
4)

0.
72

(0
.5

5 
– 

0.
94

)
0.

71
(0

.5
3 

– 
0.

96
)

0.
72

(0
.5

4 
– 

0.
96

)

 
>2

 to
 ≤

3 
ho

ur
s p

er
 w

ee
k

12
8

(2
0.

1)
12

1
(1

7.
7)

1.
02

(0
.7

4 
– 

1.
40

)
0.

92
(0

.6
5 

– 
1.

29
)

0.
99

(0
.7

1 
– 

1.
38

)

 
>3

 h
ou

rs
 p

er
 w

ee
k

11
0

(1
7.

2)
11

8
(1

7.
3)

0.
87

(0
.6

3 
– 

1.
20

)
0.

80
(0

.5
6 

– 
1.

15
)

0.
80

(0
.5

7 
– 

1.
13

)

A
ve

ra
ge

 a
er

ob
ic

 a
ct

iv
ity

du
rin

g 
ad

ul
th

oo
d 

(a
ge

 ≥
20

ye
ar

s)

 
≤1

 h
ou

r p
er

 w
ee

k
75

(1
1.

8)
72

(1
0.

5)
1.

00
R

ef
er

en
t

1.
00

R
ef

er
en

t
1.

00
R

ef
er

en
t

 
>1

 to
 ≤

2 
ho

ur
s p

er
 w

ee
k

21
9

(3
4.

3)
21

1
(3

0.
9)

0.
97

(0
.6

6 
– 

1.
41

)
1.

05
(0

.6
9 

– 
1.

59
)

0.
99

(0
.6

7 
– 

1.
48

)

 
>2

 to
 ≤

3 
ho

ur
s p

er
 w

ee
k

18
0

(2
8.

2)
23

8
(3

4.
8)

0.
71

(0
.4

8 
– 

1.
03

)
0.

74
(0

.4
8 

– 
1.

13
)

0.
60

(0
.4

6 
– 

1.
03

)

 
>3

 h
ou

rs
 p

er
 w

ee
k

16
4

(2
5.

7)
16

2
(2

3.
7

0.
95

(0
.6

4 
– 

1.
40

)
0.

94
(0

.6
1 

– 
1.

45
)

0.
90

(0
.6

0 
– 

1.
37

)

* A
dj

us
te

d 
fo

r a
ge

, r
ac

e,
 b

od
y 

m
as

s i
nd

ex
 o

ne
 y

ea
r b

ef
or

e 
di

ag
no

si
s, 

m
en

op
au

sa
l s

ta
tu

s, 
sm

ok
in

g 
st

at
us

, d
ur

at
io

n 
of

 o
ra

l c
on

tra
ce

pt
iv

e 
us

e,
 m

on
th

s o
f p

re
gn

an
cy

 a
nd

 h
is

to
ry

 o
f o

va
ria

n 
ca

nc
er

 in
 a

 fi
rs

t d
eg

re
e

re
la

tiv
e.

**
A

dj
us

te
d 

fo
r a

ll 
va

ria
bl

es
 a

bo
ve

 e
xc

ep
t b

od
y 

m
as

s i
nd

ex
.

Ann Epidemiol. Author manuscript; available in PMC 2012 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moorman et al. Page 15

Ta
bl

e 
3

Se
le

ct
ed

 c
ha

ra
ct

er
is

tic
s o

f o
va

ria
n 

ca
nc

er
 c

as
es

 b
y 

su
rv

iv
al

 st
at

us
, t

he
 N

or
th

 C
ar

ol
in

a 
O

va
ria

n 
C

an
ce

r S
tu

dy

D
ec

ea
se

d
( N

=2
38

)
A

liv
e

( N
=4

00
)

M
ea

n
(S

D
)

M
ea

n
(S

D
)

p-
va

lu
e

A
ge

 a
t d

ia
gn

os
is

 (y
ea

rs
)

58
.3

(1
0.

2)
56

.3
(1

0.
5)

0.
01

8

B
M

I (
kg

/m
2 )

27
.9

(6
.7

)
28

.1
(7

.0
)

0.
67

7

M
ea

n 
tim

e 
to

 d
ea

th
/d

ur
at

io
n 

of
 fo

llo
w

-
up

 (m
on

th
s)

32
.9

(1
7.

9)
51

.5
(2

4.
4)

<0
.0

01

N
(%

)
N

(%
)

H
R

*
95

%
 C

I

St
ag

e

 
I

19
(8

.1
)

13
8

(3
4.

9)
1.

00
R

ef
er

en
t

 
II

9
(3

.8
)

37
(9

.3
)

1.
28

(0
.6

2 
– 

2.
61

)

 
II

I
19

8
(8

3.
9)

21
4

(5
4.

0)
5.

29
(3

.6
2 

– 
7.

72
)

 
IV

10
(4

.2
)

7
(1

.8
)

6.
83

(3
.8

3 
– 

12
.1

8)

 
M

is
si

ng
2

4

G
ra

de

 
W

el
l-d

iff
er

en
tia

te
d

10
(4

.3
)

67
(1

7.
5)

1.
00

R
ef

er
en

t

 
M

od
er

at
el

y 
di

ff
er

en
tia

te
d

65
(2

8.
0)

10
1

(2
6.

4)
2.

54
(1

.6
6 

– 
3.

89
)

 
Po

or
ly

 d
iff

er
en

tia
te

d/
un

di
ff

er
en

tia
te

d
15

7
(6

7.
7)

21
4

(5
6.

0)
2.

49
(1

.6
5 

– 
3.

74
)

 
M

is
si

ng
6

18

H
is

to
lo

gy

 
Se

ro
us

15
6

(6
5.

5)
20

2
(5

0.
5)

1.
00

R
ef

er
en

t

 
M

uc
in

ou
s

5
(2

.1
)

28
( 7

.0
)

0.
27

(0
.1

3 
– 

0.
57

)

 
En

do
m

et
rio

id
22

(9
.2

)
79

(1
9.

8)
0.

42
(0

.2
9 

– 
0.

60
)

 
C

le
ar

 c
el

l
20

(8
.4

)
50

(1
2.

5)
0.

52
(0

.3
4 

– 
0.

79
)

 
O

th
er

35
(1

4.
7)

41
(1

0.
3)

0.
93

(0
.6

9 
– 

1.
26

)

M
on

th
s o

f p
re

gn
an

cy

 
N

ev
er

 p
re

gn
an

t
32

(1
3.

5)
74

(1
8.

6)
1.

00
R

ef
er

en
t

 
1 

– 
8

7
(3

.0
)

26
(6

.5
)

0.
88

(0
.4

8 
– 

1.
59

)

 
9 

– 
18

90
(3

8.
0)

14
5

(3
6.

5)
1.

23
(0

.8
7 

– 
1.

73
)

 
>1

8
10

8
(4

5.
6)

15
2

(3
8.

3)
1.

25
(0

.8
9 

– 
1.

75
)

Ann Epidemiol. Author manuscript; available in PMC 2012 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moorman et al. Page 16

D
ec

ea
se

d
( N

=2
38

)
A

liv
e

( N
=4

00
)

M
ea

n
(S

D
)

M
ea

n
(S

D
)

p-
va

lu
e

 
M

is
si

ng
1

3

O
ra

l c
on

tra
ce

pt
iv

e 
us

e 
(y

ea
rs

)

 
N

ev
er

84
(3

5.
4)

13
0

(3
2.

5)
1.

00
R

ef
er

en
t

 
<1

 y
ea

r
33

(1
3.

9)
59

(1
4.

8)
1.

01
(0

.7
2 

– 
1.

42
)

 
1 

to
 <

5 
ye

ar
s

51
(2

1.
5)

83
(2

0.
8)

1.
05

(0
.7

9 
– 

1.
40

)

 
≥

5 
ye

ar
s

59
(2

4.
9)

10
2

(2
5.

5)
0.

99
(0

.7
5 

– 
1.

31
)

 
U

nk
no

w
n 

du
ra

tio
n

10
(4

.2
)

26
(6

.5
)

 
M

is
si

ng
1

0

M
en

op
au

sa
l s

ta
tu

s

 
Po

st
-m

en
op

au
sa

l
17

5
(7

4.
2)

28
1

(7
1.

3)
1.

00
R

ef
er

en
t

 
Pr

e-
m

en
op

au
sa

l
61

(2
5.

8)
11

3
(2

8.
7)

1.
44

(1
.0

1 
– 

2.
07

)

 
M

is
si

ng
2

6

Fa
m

ily
 h

is
to

ry
 o

f o
va

ria
n 

ca
nc

er
 in

 1
st

de
gr

ee
 re

la
tiv

e

 
N

o
22

0
(9

2.
8)

37
5

(9
3.

8)
1.

00
R

ef
er

en
t

 
Y

es
17

(7
.2

)
25

( 6
.3

)
1.

20
(0

.7
9 

– 
1.

82
)

 
M

is
si

ng
1

0

B
od

y 
m

as
s i

nd
ex

 (k
g/

m
2 )

 o
ne

 y
ea

r
be

fo
re

 d
ia

gn
os

is
 o

r i
nt

er
vi

ew

 
<2

5
95

(4
2.

2)
15

1
(3

9.
0)

1.
00

R
ef

er
en

t

 
25

 - 
<3

0
60

(2
6.

7)
11

1
(2

8.
7)

1.
03

(0
.7

9 
– 

1.
35

)

 
30

 - 
<3

5
37

(1
6.

4)
68

(1
7.

6)
1.

14
(0

.8
4 

– 
1.

54
)

 
≥

35
33

(1
4.

7)
57

(1
4.

7)
1.

07
(0

.7
6 

– 
1.

50
)

 
M

is
si

ng
13

13

Sm
ok

in
g 

st
at

us

 
C

ur
re

nt
 sm

ok
er

41
(1

7.
2)

69
(1

7.
3)

1.
00

R
ef

er
en

t

 
Fo

rm
er

 sm
ok

er
75

(3
1.

5)
13

4
(3

3.
5)

0.
93

(0
.6

6 
– 

1.
30

)

 
N

ev
er

 sm
ok

er
12

2
(5

1.
3)

19
7

(4
9.

3)
1.

06
(0

.7
8 

– 
1.

42
)

 
M

is
si

ng

Se
le

ct
ed

 c
o-

m
or

bi
d 

co
nd

iti
on

s

Ann Epidemiol. Author manuscript; available in PMC 2012 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moorman et al. Page 17

D
ec

ea
se

d
( N

=2
38

)
A

liv
e

( N
=4

00
)

M
ea

n
(S

D
)

M
ea

n
(S

D
)

p-
va

lu
e

In
su

lin
-d

ep
en

de
nt

 d
ia

be
te

s

 
N

o
23

2
(9

7.
5)

39
0

(9
7.

5)
1.

00
R

ef
er

en
t

 
Y

es
6

(2
.5

)
10

( 2
.5

)
1.

62
(0

.8
7 

– 
3.

01
)

N
on

-in
su

lin
 d

ep
en

de
nt

 d
ia

be
te

s

 
N

o
21

4
(8

9.
9)

37
5

(9
3.

8)
1.

00
R

ef
er

en
t

 
Y

es
24

(1
0.

1)
25

(6
.3

)
1.

35
(0

.9
6 

– 
1.

91
)

H
yp

er
th

yr
oi

di
sm

 
N

o
22

8
(9

5.
8)

38
6

(9
6.

5)
1.

00
R

ef
er

en
t

 
Y

es
10

(4
.2

)
14

(3
.5

)
1.

02
(0

.5
7 

– 
1.

83
)

H
yp

ot
hy

ro
id

is
m

 
N

o
21

0
(8

8.
6)

34
0

(8
5.

0)
1.

00
R

ef
er

en
t

 
Y

es
27

(1
1.

4)
60

(1
5.

0)
1.

02
(0

.5
7 

– 
1.

83
)

 
M

is
si

ng
1

0

D
ep

re
ss

io
n 

re
qu

iri
ng

 tr
ea

tm
en

t

 
N

o
18

1
(7

6.
1)

29
2

(7
3.

0)
1.

00
R

ef
er

en
t

 
Y

es
57

(2
3.

9)
10

8
(2

7.
0)

0.
99

(0
.7

8 
– 

1.
27

)

Pr
io

r h
is

to
ry

 o
f c

an
ce

r

 
N

o
20

2
(8

4.
9)

32
4

(8
1.

2)
1.

00
R

ef
er

en
t

 
Y

es
36

(1
5.

1)
75

(1
8.

8)
1.

03
(0

.7
7 

– 
1.

38
)

 
M

is
si

ng
0

1

* O
R

s a
dj

us
te

d 
fo

r a
ge

 a
nd

 ra
ce

Ann Epidemiol. Author manuscript; available in PMC 2012 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moorman et al. Page 18

Ta
bl

e 
4

H
az

ar
d 

ra
tio

s (
H

R
s)

 a
nd

 9
5%

 c
on

fid
en

ce
 in

te
rv

al
s (

C
Is

) f
or

 o
ve

ra
ll 

su
rv

iv
al

 b
y 

re
po

rte
d 

le
ve

l o
f p

hy
si

ca
l a

ct
iv

ity
.

C
as

es
C

on
tr

ol
s

A
ge

- a
nd

 r
ac

e-
ad

ju
st

ed
M

ul
tiv

ar
ia

bl
e-

ad
ju

st
ed

*

N
(%

)
N

(%
)

H
R

95
%

 C
I

H
R

95
%

 C
I

A
er

ob
ic

 a
ct

iv
ity

 o
ne

 y
ea

r
be

fo
re

 d
ia

gn
os

is
 o

r i
nt

er
vi

ew

 
≤1

 h
ou

r p
er

 w
ee

k
32

0
(5

0.
2)

30
3

(4
4.

4)
1.

00
R

ef
er

en
t

1.
00

R
ef

er
en

t

 
>1

 to
 ≤

2 
ho

ur
s p

er
 w

ee
k

14
7

(2
3.

0)
19

0
(2

7.
8)

0.
90

(0
.6

5 
– 

1.
24

)
0.

94
(0

.6
7 

– 
1.

32
)

 
>2

 to
 ≤

3 
ho

ur
s p

er
 w

ee
k

87
(1

3.
6)

93
(1

3.
6)

0.
79

(0
.5

2 
– 

1.
20

)
0.

74
(0

.4
6 

– 
1.

18
)

 
>3

 h
ou

rs
 p

er
 w

ee
k

84
(1

3.
2)

97
(1

4.
2)

0.
83

(0
.5

5 
– 

1.
26

)
0 

. 9
 0

(0
.5

8 
– 

1.
40

)

A
ve

ra
ge

 a
er

ob
ic

 a
ct

iv
ity

 in
 1

0
ye

ar
s b

ef
or

e 
di

ag
no

si
s o

r
in

te
rv

ie
w

 
≤1

 h
ou

r p
er

 w
ee

k
22

3
(3

5.
0)

20
9

(3
0.

6)
1.

00
R

ef
er

en
t

1.
00

R
ef

er
en

t

 
>1

 to
 ≤

2 
ho

ur
s p

er
 w

ee
k

17
7

(2
7.

7)
23

5
(3

4.
4)

1.
21

(0
.8

9 
– 

1.
65

)
1.

24
(0

.8
9 

– 
1.

72
)

 
>2

 to
 ≤

3 
ho

ur
s p

er
 w

ee
k

12
8

(2
0.

1)
12

1
(1

7.
7)

1.
00

(0
.6

9 
– 

1.
45

)
0.

90
(0

.6
0 

– 
1.

36
)

 
>3

 h
ou

rs
 p

er
 w

ee
k

11
0

(1
7.

2)
11

8
(1

7.
3)

0.
86

(0
.5

8 
– 

1.
28

)
0.

90
(0

.5
9 

– 
1.

37
)

A
ve

ra
ge

 a
er

ob
ic

 a
ct

iv
ity

du
rin

g 
ad

ul
th

oo
d 

(a
ge

 ≥
20

ye
ar

s)

 
≤1

 h
ou

r p
er

 w
ee

k
75

(1
1.

8)
72

(1
0.

5)
1.

00
R

ef
er

en
t

1.
00

R
ef

er
en

t

 
>1

 to
 ≤

2 
ho

ur
s p

er
 w

ee
k

21
9

(3
4.

3)
21

1
(3

0.
9)

1.
01

(0
.6

7 
– 

1.
52

)
1.

04
(0

.6
7 

– 
1.

62
)

 
>2

 to
 ≤

3 
ho

ur
s p

er
 w

ee
k

18
0

(2
8.

2)
23

8
(3

4.
8)

1.
04

(0
.6

8 
– 

1.
59

)
1.

11
(0

.7
0 

– 
1.

75
)

 
>3

 h
ou

rs
 p

er
 w

ee
k

16
4

(2
5.

7)
16

2
(2

3.
7)

0.
93

(0
.6

0 
– 

1.
46

)
0.

89
(0

.5
4 

– 
1.

45
)

* A
dj

us
te

d 
fo

r a
ge

, r
ac

e,
 b

od
y 

m
as

s i
nd

ex
 o

ne
 y

ea
r b

ef
or

e 
di

ag
no

si
s, 

m
en

op
au

sa
l s

ta
tu

s, 
sm

ok
in

g 
st

at
us

, d
ur

at
io

n 
of

 o
ra

l c
on

tra
ce

pt
iv

e 
us

e,
 m

on
th

s o
f p

re
gn

an
cy

 a
nd

 h
is

to
ry

 o
f o

va
ria

n 
ca

nc
er

 in
 a

 fi
rs

t d
eg

re
e

re
la

tiv
e

Ann Epidemiol. Author manuscript; available in PMC 2012 March 1.


