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Leisure-Time Physical Activity in Pregnancy
and Risk of Postpartum Depression:
A Prospective Study in a Large National Birth Cohort

Marin Streom, MSc; Erik L. Mortensen, MSc; Thérhallur I. Halldorson, PhD;
Marie Louise @sterdal, MSc; and Sjardur F. Olsen, DMSc

D epression is an illness of serious public health con-
cern, estimated by the World Health Organization
to account for 4.4% of the global burden of disease.! Depres-

Objective: To explore the association between sion in the postpartum period is of particular interest, since
physical activity during pregnancy and postpartum it may damage the relationship between mother and child
depression (PPD) in a large, prospective cohort. during a period of extraordinary vulnerability, with both

Method{ Expospre information from the ‘ short- and long-term consequences.>*

Danish National Birth Cohort, a large, prospective .

cohort with information on more than 100,000 The term postpartum depression (PPD) refers to a depres-
pregnancies (1996-2002), was linked to the sive episode that begins in or extends into the postpartum
Danish Psychiatric Central Register and the Danish period’; the condition has been estimated to afflict 5% to
Register for Medicinal Product Statistics for data 15% of all childbearing women.®” There is little evidence
on clinically identified cases of depression up to 1 that physiologic changes connected to pregnancy and
year postpartum. A total of 70,866 women from the o qi . . 2 .
Danish National Birth Cohort were included in the childbirth are the basis for the disorder,” and there is some
analyses. Duration, frequency, and type of physi- dispute as to whether PPD is a specific psychiatric entity.
cal activity were assessed by a telephone interview Some studies have found the incidence of depression post-
at approximately week 12 of gestation. Admission partum to be the same as in other life periods,*® while others

to hospital due to depression (PPD-admission) find the rate of onset of depression to be elevated following
and prescription of an antidepressant (PPD-

3 : 5,10
prescription) were treated as separate outcomes. childbirth. .
Results: Through linkage to national registers, Several studies have shown past psychopathology and
we identified 157 cases of PPD-admission and low social support to be strongly associated with PPD, while
1,305 cases of PPD-prescription. Women engag- modifiable behavioral factors have not received similar

ing in vigorous physical activity during pregnancy ttenti ¢ . R .
had a lower risk of PPD-prescription compared o attention. In nonpregnant populations, one such modifi

women who were not physically active (adjusted able behavioral factor, physical activity, has been shown to
odds ratio, 0.81; 95% CI, 0.66—0.99). No association be inversely associated with depression.’™** Although find-
was observed between physical activity and PPD- ings have not been consistent,'*" there seems to be a broad

admission; but, in women who were underweight consensus that physical activity is advantageous for general
prior to pregnancy, physical activity was associated

with increased risk of PPD-admission. well—l')e1‘ng. The purpose 9f this s:t1.1dy was to investigate the
Conclusions: Our data are compatible with a assoc?atlon between physical a'.:t1V1ty during pregnancy and

protective effect of vigorous physical activity, but PPD in the Danish National Birth Cohort.

not for other measures of physical activity, against :

postpartum depression requiring antidepressant

therapy. No protective effect could be detected METHOD
PPD leading to hospitalization. . . . . S
* ] Cliz E?ygch?atfys gi)(a);»z;’iol(‘]);1 ):1707-1714 The Danish National Birth Cohort is a nationwide study
© Copyright 2009 Physicians Postgraduate Press, Inc. covering 101,046 Pregnandes and with more than 90,000

women enlisted. All pregnant women living in Denmark
between 1996 and 2002 and fluent in Danish were eligible

Submitted: January 6, 2009; accepted April 8, 2009 for recruitment, Wh}@ took place at the first antenatal visit
(doi:10.4088/JCP.09m05012bl). to the general practitioner, (at roughly weeks 6-10 of gesta-
Corresponding author: Marin Strom, MSc, Maternal Nutrition Group, tion). In short, the data collection comprised a recruitment
Department of Epidemiology Research, Statens Serum Institut, . . isted tel .

Artillerivej 5, 2300 Copenhagen, Denmark (mrm@ssi.dk). form at inclusion and 4 computer-assisted telephone inter-

views lasting 10 to 15 minutes, administered at weeks 12
and 30 of gestation and when the child was 6 and 18 months
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old, roughly. The rate of participation among women who
were invited to the study was 60%, and it has been estimated
that 35% of all eligible pregnant women entered the cohort,
which is described in detail elsewhere.'*"

In this study, we primarily used data from the recruit-
ment form and the telephone interview conducted in
gestation week 12. Information on admissions to hospital
and prescriptions for antidepressants were obtained from
the Danish Psychiatric Central Register, which includes
all admissions to psychiatric hospitals and to psychiatric
wards in general hospitals,'® and the Register of Medicinal
Product Statistics, which contains information on all me-
dicinal products sold by prescription in Denmark.

Measures of Physical Activity

Detailed information on leisure-time physical activity
(hereafter referred to as physical activity) was obtained from
the telephone interview. The women were asked, “Now that
you are pregnant, do you engage in any kind of exercise?”
and, if they responded positively to this question, they were
asked about type, frequency, and duration of each activ-
ity session. Answers on type of activity were classified in
the following predefined categories: special gymnastics/
aerobics for pregnant women, aerobics/gymnastics, danc-
ing, cycling, fast walking, jogging/orienteering, ball games,
swimming, use of fitness/health centers, badminton, tennis,
horseback riding, and “other” (a text variable for any activi-
ties not covered by the predefined types of activity). Women
were asked to report walking and bicycling for transport if
it made them sweaty and short of breath.

With the purpose of exploring different dimensions of
physical activity, we defined 4 different measures of physical
activity in our analytic approach based on the information
described above.

First, in order to test whether there was an effect of any
versus 1o physical activity on PPD, we categorized women
according to the general question on physical activity.

- Second, we defined 6 groups according to total time of
physical activity to investigate whether increasing duration,
regardless of the other dimensions of physical activity, was
associated with decreasing risk of PPD.

Third, we categorized women according to the intensity
of their physical activity to investigate whether engagement
in higher intensity physical activity had an effect on PPD,
regardless of duration of activity. Here we made use of the
concept of metabolic equivalents (METs [kcal-kg™ body
weight -hour™]), which allows the classification of types of
physical activity by rate of energy expenditure. The MET
score of a specific type of activity is defined as the ratio
between a person’s metabolic rate when engaged in that
specific activity and the resting metabolic rate. Metabolic
equivalent scores range from 0.9 (sleeping) to 18 (running
at 10.9 mph)."® The applied MET scores were our estimation
based on the compendium by Ainsworth et al.*® We defined
vigorously active women as those reporting at least 25% of

1 Clin Psychiatry 70:12, December 2009
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their total time in physical activity to be spent in activity of
a higher intensity (> 6 METs) and moderately active women
as those who spent less than 25% of their total physical-
activity time in high intensity activity.

Fourth, we investigated whether energy expenditure
in physical activity was associated with PPD. Intensity,
duration, and frequency of physical activity were combined
into 1 measure of physical activity. For each woman, we
calculated total MET hours/week by summing the activity-
specific products of MET score and duration (h/wk) over
all activities reported. Total MET h/wk were divided into
quartiles.

Outcome Measures

Women who were admitted to psychiatric hospitals
and psychiatric wards due to depression were identified
using the Danish Psychiatric Central Register. A case of
PPD-admission was defined as a person admitted to a
hospital or an outpatient contact with a diagnosis of a de-
pressive episode (International Classification of Diseases,
Tenth Revision [ICD-10], codes F320-F329). Information
on antidepressants purchased with a prescription in a phar-
macy was obtained from the Register of Medicinal Product
Statistics. A case of PPD-prescription was defined as a per-
son who filled a prescription for antidepressant medication
(Anatomical Therapeutic Chemical Classification System
code beginning with N06A).*! Information on first ad-
mission and first prescription during a period of 1 year
following childbirth was used to account for cases of PPD-
admission and PPD-prescription, respectively.

Covariates Used for
Analyses and Supplementary Analyses

Previous studies of PPD have identified several risk fac-
tors for the disease; based on these, we identified a priori
and included as covariates age, parity, pre-pregnancy body
mass index, alcohol intake during pregnancy, smoking
during pregnancy, occupation, level of attained educa-
tion, home ownership, marital status, and social support
(a measure combining information on whether the woman
has anyone besides a partner to talk with in confidential-
ity, whether she has help with practical matters, whether
she has help economically, and the frequency of contact
with family members). We also included history of previ-
ous depression as a covariate; this measure was obtained by
combining data from the telephone interview, the Danish
Psychiatric Central Register, and the Register of Medicinal
Product Statistics. A woman was considered to have a his-
tory of previous depression if she (1) stated in the interview
that she had previously suffered from depression, (2) had -
been admitted to hospital with a diagnosis of depression
before, or (3) had previously filled a prescription for anti-
depressant medication.

For supplementary analyses, we constructed 2 mea-
sures of physical activity based on information from both

PSYCHIATRIST.COM 1708
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Table 1. Distribution of Participants, ORs for PPD-Admission,” and ORs for PPD-Prescription® by Measures of Physical Activity in
Gestation Week 12 (N=70,866)

PPD-Admission

PPD-Prescription

No. of Crude Adjusted* No. of Crude Adjusted®
Measure N %°  Cases OR 95% CI OR 95% CI  Cases OR 95% CI OR 95% CI
Physical activity
Not physically active 44,372 62.6 98  Reference . Reference . 886  Reference . Reference .
Active 26,494 374 59 1.01 0.73-1.39 1.10 0.79-1.53 419 0.79 0.70-0.89 0.90 0.79-1.02
Intensity
Not physically active 44,372 626 98  Reference .. Reference - 886  Reference - Reference .
Moderately active® 17,466 24.7 43 112 0.78-1.60 120 - 0.83-1.72 297 0.85 0.74-0.97 0.94 0.82-1.08
Vigorously activef 9,028 127 16 0.80 0.47-1.36 0.88 0.52-1.52 122 0.67 0.56-0.81 0.81 0.66-0.99
Duration (h/wk)
Not physically active 44,372 62.6 98  Reference . Reference . 886  Reference . Reference .
0-1 5091 72 12 1.07 0.59-1.95 1.19 0.65-2.17 84 0.82 0.66~-1.03 0.93 0.73-1.17
>1-2 9,425 133 20 0.96 0.59-1.56 1.09 0.67-1.77 145 0.77 0.64-0.92 0.92 0.77-1.11
>2-3 5023 7.1 8 0.72 0.35-1.48 0.78 0.38-1.62 66 0.65 0.51-0.84 0.75 0.58-0.98
>3-5 4,412 62 10 1.03 0.54-1.97 1.07 0.56-2.07 73 0.83 0.65-1.05 0.91 0.71-1.18
>5 2,543 3.6 9 1.61 0.81-3.18 1.54 0.77-3.07 51 1.00 0.76-1.34 0.98 0.73-1.32
MET score (MET h/wk)
Not physically active 44,372 62.6 98  Reference Reference 886  Reference Reference
0-5 6,771 9.6 16 1.07 0.63-1.82 1.22 0.71-2.07 104 0.77 0.62-0.94 0.87 0.70-1.08
>5-8 6,475 9.1 14 0.98 0.56-1.72 1.09 0.62-1.92 104 0.80 0.65-0.98 0.97 0.79-1.21
>8-15 6,835 96 11 0.73 0.39-1.36 0.78 0.41-1.46 97 0.71 0.57-0.87 0.79 0.63-0.99
>15 6,413 9.1 18 1.27 0.77-2.10 1.31 0.79-2.19 114 0.89 0.73-1.08 0.97 0.79-1.19

*A person admitted to a hospital or an outpatient contact with a diagnosis of a depressive episode (ICD-10, codes F320-F329).
®A person who filled a prescription for antidepressant medication (Anatomical Therapeutic Chemical Classification System code beginning with NO6A).
‘Percentage within variable.

4Adjusted for maternal age, parity, pre-pregnant body mass index, alcohol intake, smoking, occupation, education, home ownership, marital status, social
support, and history of previous depression.

“Moderately active defined as reporting less than 25% of total time in physical activity to be vigorous activity.
YVigorously active defined as reporting at least 25% of total time in physical activity to be vigorous activity.
Abbreviations: MET = metabolic equivalent, OR = odds ratio, PPD = postpartum depression.

pregnancy interviews; first, we categorized women as not
physically active at weeks 12 and 30, physically active at
weeks 12 and 30, or changed activity level during pregnancy.
Second, women were categorized in the same way according
to intensity of physical activity at weeks 12 and 30. Further-
more, for supplementary analyses, we used information on
work-related physical activity (whether the woman reported
her job to be “sedentary/varying at own wish” or whether
she had to “walk/stand for the most part”) and self-reported
eating disorders.

Statistical Methods

The Danish National Birth Cohort enrolled 91,827
women, with some women contributing more than 1 preg-
nancy. We used data from the first singleton pregnancy each
woman contributed to the cohort, yielding a study popula-
tion of 85,338 women. Of these, 89% participated in the
first telephone interview in first or second trimester; 92%
of respondents had nonmissing values for all covariates
included in the analyses. Thus, data from 70,866 women
were included in our analyses. Logistic regression was used
to model risk of PPD-admission and PPD-prescription.
Risk estimates are expressed as odds ratios (ORs) with
95% confidence intervals (Cls). Chi square tests were used
to test bivariate associations. The 4 measures of exposure
were treated as categorical variables, and all covariates were

1709
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included in the adjusted model. We used SAS software, ver-
sion 9.1 (SAS Institute Inc, Cary, North Carolina) for all
statistical analyses.

RESULTS

During pregnancy, 37% of participants reported engag-
ing in some type of physical activity (Table 1). Of the active
women, approximately one-third were vigorously active, and
less than 4% reported duration of physical activity of more
than 5 hours/wk. The most frequently reported activities were
swimming, cycling, aerobics, and walking (data not shown).
The number of cases of PPD-admission was 157 (0.2%), and
there were 1,305 cases of PPD-prescription (1.8%).

Table 2 shows associations of selected maternal char-
acteristics with physical activity, PPD-admission, and
PPD-prescription. Being physically active was strongly as-
sociated with all the demographic, socioeconomic, and
behavioral characteristics shown in Table 2. For both PPD-
admissions and PPD-prescriptions, there were more cases
among single women, smokers, women with poor social sup-
port, and women of low socioeconomic status. Furthermore,
there were more cases of PPD-prescription among under-
weight and overweight women; PPD-prescription was most
frequent in the oldest age group, whereas PPD-admission
was most frequent among young women.

J Clin Psychiatry 70:12, December 2009
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Table 2. Participants Distributed by Maternal Characteristics According to Any Physical Activity in Gestation Week 12,
PPD-Admission and PPD-Prescription (N =70,866)

Total Physical Activity

PPD-Admission PPD-Prescriptions

Characteristic N %'  No. Active %"  PValue No.Cases ~%°  PValue® No. Cases %> P Value
Maternal age, y
<25 6,906 10 2,406 35 <.001 41 0.6 <.001 148 2.1 .01
25-35 53,677 75 20,642 38 146 0.3 941 1.8
>35~40 9,209 13 3,080 33 25 0.3 188 2.0
>40 1,074 2 366 34 3 0.3 28 2.6
Parity
Nulliparous 35,042 49 15,756 45 <.001 115 0.3 24 615 1.8 09
Parous 35,824 51 10,738 30 100 0.3 690 1.9
Marital status
Single 1,434 2 500 35 .05 10 0.7 <.01 64 45 <.001
Cohabiting 69,432 98 25,994 37 205 0.3 1,241 1.8
Smoking
Nonsmoker 51,786 73 20,730 40 <.001 127 0.3 <.001 730 1.4 <.001
Occasional smoker 9,300 13 3,379 36 41 0.4 230 2.5
Daily smoker 9,780 14 2,385 24 47 0.5 345 3.5
Alcohol intake
<1 drink/wk 54,973 78 20,048 36 <.001 172 0.3 .39 1,028 1.9 .29
> 1 drink/wk 15,893 22 6,446 41 43 0.3 277 1.7
Pre-pregnant body mass index
<18.5 3,170 4 1,020 32 <.001 9 0.3 51 68 2.2 .03
18.5-25 48,119 68 18,752 39 139 0.3 842 1.8
>25 19,577 28 6,722 34 67 0.3 395 2.0
Occupation
White-collar worker 26,203 37 10,964 42 <.001 47 0.2 <.001 346 1.3 <.001
Skilled worker 13,267 19 4,710 36 31 0.2 189 14
Unskilled worker 15,694 22 4,884 31 47 0.6 191 2.4
Students 8,080 11 3,569 44 41 0.3 272 1.7
Unemployed 7,622 11 2,367 31 49 0.6 307 4.0
Education
>4 years post secondary 5,268 7 2,334 44 <.001 12 0.2 <.001 62 12 <.001
2-3 years post secondary 20,179 29 8,544 42 48 0.2 305 1.5
Vocational training 25,024 35 8,391 34 72 0.3 475 1.9
High school 10,532 15 4,555 43 25 0.2 141 13
<10 years of school 9,863 14 2,670 27 58 0.6 322 33
Home ownership
Home owner 50,497 71 18,338 36 <.001 126 0.3 <.001 864 1.7 <.001
Renter 20,369 29 8,156 40 89 0.4 441 2.2
Social support
Good 61,654 87 23,667 38 <.001 172 0.3 <.01 1,056 1.7 <.001
Poor 9,212 13 2,827 31 43 0.5 249 2.7
History of previous depression
No 67,245 95 25,271 38 <.001 120 0.2 <.001 691 1.0 <.001
Yes 3,621 5 1,223 34 37 1.0 614 17.0

“Percentage (columns) of women distributed by covariate.
®Percentage (rows) of active/cases within level of variable.
°Chi square test for overall differences between active/not active, cases/noncases.

Table 1 shows crude and adjusted ORs for PPD-admission
and PPD-prescription, with women reporting no physical
activity as the reference group. Overall, there was no effect
of physical activity on risk of PPD-admission. Vigorously
active women had a 12% lower risk of PPD-admission, and
wormen exercising more than 5 hours/wk had a 50% higher
risk of PPD-admission, but neither of these findings was
statistically significant.

Regarding PPD-prescription, we found that physically
active women had a lower risk of PPD-prescription, with
an OR of 0.79 (95% CI, 0.70-0.89); however, this associa-
tion was attenuated after adjustment for covariates (OR,
0.90; 95% CI, 0.79-1.02). Vigorously active women had a
decreased risk of PPD-prescription, with an adjusted OR of

J Clin Psychiatry 70:12, December 2009

0.81 (95% CI, 0.66-0.99). Furthermore, women exercising 2
to 3hours/wk had a 25% decreased risk of PPD-prescription
compared to women who were not physically active, just
as physical activity corresponding to 8 to 15 MET h/wk
was associated with a 20% lower risk of PPD-prescription,
whereas ORs for the other groups ranged from 0.87 to 0.97
with confidence intervals containing unity. )
In supplementary analyses, we found that underweight
women were at higher risk of PPD-admission if they re-
ported any physical activity (adjusted OR, 8.69; 95% CI,
1.37-55.28). Risks were similarly elevated for measures of
physical activity based on duration, intensity, and METs
(Table 3). Including a history of previous eating disorders
as a covariate in the analyses did not attenuate the higher

PSYCHIATRIST.COM 1710
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Table 3. Adjusted® OR for PPD-Admission and PPD-Prescription by Measures of Physical Activity in Gestation Week Stratified by
Pre-Pregnant Body Mass Index

PPD-Admission PPD-Prescription

Underweight Normal Weight Overweight Underweight Normal Weight Overweight

Measure OR 95% CI OR 95% ClI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Physical activity
Not physically ~ Reference Reference Reference Reference Reference Reference

active
Active 8.69 1.37-55.28 0.93 0.62-1.42 1.22 0.67-2.22 1.03 0.58-1.82 0.90 0.77-1.05 0.88 0.69-1.10
Intensity
Not physically ~ Reference Reference Reference Reference Reference Reference

active
Moderately 8.12 1.17-56.40 1.03 0.65-1.63 133 0.69-2.57 0.90 0.48-1.72 0.95 0.80-1.13 0.92 0.71-1.20

active®
Vigorously 11.37  0.73-176.63 0.74 0.37-1.46 1.00 0.38-2.61 1.52 0.61-3.83 0.79 0.62-1.01 0.78 0.54-1.14

active®
Duration (h/wk)
Not physically ~ Reference Reference Reference Reference Reference Reference

active
0-1 50.96  4.01-648.46 0.97 0.44-2.14 1.00 0.30-3.32 0.90 0.29-2.74 0.93 0.69-1.24 0.94 0.61-1.45
>1-2 NA® NA 1.06 0.59-1.90 1.10 0.45-2.66 1.83 0.83-4.03 0.92 0.74-1.16 0.83 0.58-1.18
>2-3 NA* NA* 0.79 0.34-1.83 0.78 0.18-3.29 0.41 0.09-1.81 0.80 0.58-1.08 0.72 0.43-1.21
>3-5 16.01 0.9-284.41 0.70 0.28-1.77 1.72 0.60-4.95 0.60 0.14-2.64 0.92 0.68-1.25 0.96 0.60-1.54
>5 59.21 NA® 111 0.44-2.78 2.05 0.61-6.92 1.34 0.43-4.20 0.94 0.65-1.36 1.04 0.58-1.84
MET score (MET h/wk)
Not physically ~ Reference Reference Reference Reference Reference Reference

active
0-5 16.88 1.03-278.13 0.86 0.41-1.81 1.79 0.78-4.11 0.90 0.33-2.46 0.90 0.69-1.16 0.79 0.53-1.19
>5-8 11.68  0.70-195.29 1.32 0.71-2.48 0.26 0.04-1.90 1.91 0.79-4.66 0.95 0.73-1.24 0.92 0.62-1.37
>8-15 NA NA 0.76 0.36-1.59 0.79 0.24-2.60 0.53 0.16-1.82 0.83 0.63-1.07 0.75 0.49-1.14
>15 30.27  2.63-347.73 0.84 0.41-1.71 2.20 0.95-5.07 1.08 0.42-2.73 0.94 0.73-1.21 1.08 0.72~-1.60

*Adjusted for maternal age, parity, alcohol intake, smoking, occupation, education, home ownership, marital status, social support, and history of

previous depression.

*Moderately active defined as reporting less than 25% of total time in physical activity.
“Vigorously active defined as reporting at least 25% of total time in physical activity.

dEffect measure could not be estimated due to small numbers,

Abbreviations: OR = odds ratio, MET = metabolic equivalent, NA = not available, PPD = postpartum depression.

risk of PPD-admission among underweight women who
were physically active (data not shown). For women who
maintained the same level of activity at gestation weeks 12
and 30, findings were similar to the main analysis; indeed,
women who were vigorously active at both measurements
had alower risk of PPD-prescription compared to the main
analysis (adjusted OR, 0.67; 95% CI, 0.48-0.93) (Table 4).
Stratifying by work-related physical activity did not alter the
findings of the main analysis (data not shown).

DISCUSSION

Principal Findings

In this large cohort of Danish women, one-third of the
study participants reported engaging in physical activity at
12 weeks’ gestation. Being physically active did not reduce
the risk of being admitted to a hospital due to depression in
the first year following childbirth; indeed, in underweight
women, physical activity appeared to be a strong risk fac-
tor for hospitalization due to depression in the postpartum
period. Women who were vigorously active had a 20%
lower risk of being prescribed an antidepressant within
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1 year postpartum compared with women who were not
physically active.

Comparison With Existing Data

This study is, to our knowledge, the first prospective
cohort study to address the association between physical
activity and PPD on a large scale. A recent review of 11
randomized controlled trials found a beneficial effect of
physical activity on depression,? and another found physi-
cal activity to have a positive effect on mild to moderate
depression in general populations.”” However, a third review
concluded that, due to lack of good quality research, the
effectiveness of exercise in reducing symptoms of depres-
sion could not be determined.”*

Two randomized controlled trials have examined ther-
apeutic effects of physical activity on depression in the
postpartum period: in the first, walks 3 times a week were
combined with a social support group and compared to
standard care; in the second, walks 3 times a week were
compared with a social support group. Both studies showed
significantly lower levels of depressive symptomatology in
the intervention group compared to the control group.”**

J Clin Psychiatry 70:12, December 2009
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Table 4. Distribution of Participants, OR for PPD-Admission, and OR for PPD-Prescription by Measures of Physical Activity in

Gestation Weeks 12 and 30 Combined (N=70,866)

PPD-Admission

PPD-Prescription

No. of Crude Adjusted” No. of Crude Adjusted®
Measure N %' Cases OR 95% CI OR 95% CI  Cases OR 95% CI OR 95% CI
Physical activity, weeks 12 and 30
Not physically active 33,802 48 75  Reference Reference .. 680  Reference . Reference
Active 12,536 18 23 0.83 0.52-1.32 0.92 0.57-1.49 177 0.70 0.59-0.82 0.84 0.71-1.01
Changed activity level, weeks 24,528 35 59 1.08 0.77-1.53 1.09 0.77-1.54 448 0.91 0.80-1.02 0.94 0.82-1.06
12-30
Intensity, weeks 12 and 30
Not physically active 33,802 48 75  Reference .. Reference . 680 Reference . Reference -
Moderately active* 5591 8 16 1.29 0.75-2.22 1.43 0.82-2.48 84 0.74 0.59-0.93 0.86 0.68-1.10
Vigorously active® 3,700 5 3 0.37 0.12-1.16 0.41 0.13-1.31 41 0.55 0.40-0.75 0.67 0.48-0.93
Changed activity level, weeks 27,773 39 63 1.02 0.73-1.43 1.04 0.74-1.46 500 0.89 0.80-1.00 0.94 0.83-1.07
12-30

*Percentage within variable.

®Adjusted for maternal age, parity, pre-pregnant body mass index, alcohol intake, smoking, occupation, education, home ownership, marital status, social

support, and history of previous depression.

“Moderately active defined as reporting less than 25% of total time in physical activity as vigorous activity.
4Vigorously active defined as reporting at least 25% of total time in physical activity as vigorous activity.

Abbreviations: OR = odds ratio, PPD = postpartum depression.

In a controlled trial, women suffering from PPD were
allocated alternately into an experimental group doing 3
group sessions of gentle stretching exercises a week or a
control group receiving standard care, and a beneficial
effect was found for the experimental group.”” It is, however,
difficult to separate any effects of physical activity from the
psychological or social effect of being in the intervention
group in the trials mentioned here.

Strengths and Limitations

Major strengths of this study include its prospective
design, size, and the utilization of unique Danish national
registers.

However, the use of register data on antidepressants asa
measure of PPD implies that cases of PPD-prescription in
this study do not necessarily fulfill the DSM-IV diagnostic
criteria for PPD. A further limitation of this outcome mea-
sure might be that this type of medication can be prescribed
on indications other than depression. However, in Denmark,
antidepressants can be obtained only by a prescription from
amedical doctor, and regulation and surveillance of the use
of medication is quite strict. All prescriptions are kept in a
central registry and can be linked to the relevant physician
and patient for relevant authorities to check in accordance
with official guidelines.

Another limitation inherent in the study is the intrinsic
difficulty in accurately assessing something as complex as
physical activity in an observational setting, particularly in
a study population of the present size. We focused on activ-
ity in leisure time since this may be more modifiable than
work-related physical activity and, as such, a more obvious
target for disease prevention. The questions on physical ac-
tivity were similar to those used in other studies of pregnant
women® and were modified from the Minnesota Leisure-
Time Physical Activity Questionnaire.” In the telephone
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interview, women were asked about physical activity in the
period prior to the interview, and we therefore believe that
there is relatively little error due to poor recall. We also be-
lieve the woman’s reporting on physical activity in gestation
week 12 was a reasonable representation of her habitual
level of physical activity, although activity levels have been
shown to decline during pregnancy.”**° By the time of the
second interview, which took place in the third trimester,
the pregnancy itself was likely to have influenced her level
of physical activity to an extent that may be highly variable
between individuals, so we chose a priori to use information
from gestation week 12 as our main exposure. Even so, our
findings remained largely unchanged after combining the
measure of exposure with information on physical activ-
ity at gestation week 30; interestingly, a stronger protective
effect regarding PPD-prescription was observed for women
who maintained their level of vigorous physical activity at
gestation week 30.

The prospective study design reduces the chance that
depression may have influenced the level of physical activ-
ity, making “reverse causality” an unlikely explanation for
the associations that we observed. However, women who
experienced symptoms of depression prior to or early in
pregnancy may have had less energy to engage in physical
activity, and, in order to take this into account, we adjusted
for history of previous depression in our analyses. As a
sensitivity analysis, we excluded women with a history of
previous depression, but the central estimate was essentially -
unchanged after the exclusion (data not shown).

The analyses presented in Table 1 represent a relatively
large number of tests, as we used 4 different exposures and
2 different outcome measures to assess the association be-
tween physical activity and PPD. However, all these analyses
were decided upon a priori, and our findings are thus nota
result of explorative analyses. Therefore, we did not correct
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for multiple testing but are aware that the lower risk of PPD-
prescription for women who were vigorously active would
not be statistically significant had we, for example, corrected
by the (quite conservative) Bonferroni method.

Outcome

Information on outcome was extracted from 2 unique
registers available for research in Denmark: the Danish
Psychiatric Central Register and the Register of Medicinal
Product Statistics. Recently, the point prevalence of major
depression in Denmark was estimated to be 3.3%; of these
cases, only 13% were currently under treatment by a phy-
sician.” Our measures of outcome yielded very low rates
of PPD (0.2% and 1.8%), and it can be argued that only
severe cases of PPD are detected by our case definitions.
An outcome measure based on a validated self-report mea-
sure of PPD, such as the Edinburgh Postnatal Depression
Scale,” would most likely have yielded a higher rate of PPD.
However, the comprehensive data collection in the Danish
National Birth Cohort may have caused depressed women
to drop out of the cohort, and our use of register-based data
bypassed this particular problem.

Taking into account that hospitalization is a serious life
disruption for a new mother and her infant, the rate of PPD-
admission in this study may reflect cases of postpartum
psychosis rather than PPD. Postpartum psychosis afflicts
1 to 2 per 1,000 women postpartum,® which is comparable
to the rate of PPD-admission in our study. It is interesting
that, in a cross-cultural review of studies on postpartum
mental illness, Kumar® argues that depression and psychosis
may have distinct etiologic patterns. According to Kumar,
the etiology of PPD is predominantly psychosocial, with
rates of PPD varying greatly between cultures, whereas
rates of postpartum psychosis are stable, pointing to an en-
dogenous etiology for psychoses, possibly triggered by the
physiology of childbirth.® In this study, PPD-admission and
PPD-prescription had different associations with physical
activity and with some of the covariates, and this may be
taken to support Kumar’s notion that the 2 outcomes rep-
resent 2 distinct etiologic entities.

Suggested Mechanisms 4

Several biologic and psychosocial pathways have been
hypothesized to mediate an antidepressive effect of physical
activity. The different mechanisms by which this effect is
achieved are poorly understood since studies have not been
conducted specifically to address this issue.”

Physical activity has been shown to be positively as-
sociated with changes in self-esteem™ and body image,”
while negative self-evaluations have been shown to be re-
lated to depression.”* We found surprisingly high risks of
PPD-admission in underweight women who were physi-
cally active in pregnancy, which was not explained by a
self-reported measure of eating disorders. This subgroup
may be particularly vulnerable to pregnancy-related body
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changes and limited possibilities of exercising postpartum,
potentially resulting in negative self-evaluations or less self-
esteem and, thus, increased risk of depression.

From our findings, it can be speculated that a certain
intensity of activity is required for an antidepressive effect to
occur. This is supported by trials that have found a negative
association between physical activity of vigorous intensity
and depression, but no effect of light/moderate intensity
physical activity against depression,'****” and this may point
in the direction of a biologic response mechanism. Several
different mechanisms have been suggested here as well.
The endorphin hypothesis proposes that physical activity
produces changes in endorphin concentrations and binding
in the brain, thereby affecting mood.” Another hypothesis
suggests that a decreased rate of neurogenesis contributes to
depression, and that physical activity increases the synthe-
sis of new neurons in the adult brain, alleviating depressed
mood.*®

Studies showing associations between physical activity
and depression at baseline, but not prospectively, indicate
that the relationship between the 2 may be largely correla-
tional and not causal; this was also the conclusion of a recent
study investigating causality in the association between
physical activity and depression.” It is possible that a com-
mon psychological vulnerability may underlie both lower
levels of physical activity and a higher risk of depression.
Another plausible explanation for the inverse association
between vigorous physical activity and PPD-prescription
found in this study is that physical activity in pregnancy
is an indicator of better general health. Even though our
results were robust to adjustment for a history of previous
depression, we cannot exclude the possibility that women
who have the energy to perform strenuous exercise in preg-
nancy may have greater mental and physical resources and,
thus, are at decreased risk of depression postpartum.

Perspectives

Findings from this large, prospective cohort of pregnant
women are, in part, consistent with evidence from previous
randomized controlled trials suggesting that vigorous physi-
cal activity may be associated with lower risk of depression.
For the more severe cases of depression, those resulting in
hospitalization of the woman, we did not find any associa-
tion with physical activity in pregnancy. It is not possible,
based on these data, to discern whether an association be-
tween vigorous physical activity and PPD reflects causal
effects or is merely correlational in nature.

Underweight women who were physically active dur-
ing pregnancy were at higher risk of PPD, and this finding
needs to be tested in other large, prospective cohorts, which
are now emerging in several other countries.

Author affiliations: Maternal Nutrition Group, Department of Epide-
miology Research, Statens Serum Institut (Drs Halldorson and Olsen
and Mss Strom and @sterdal); Department of Environmental Health,
Institute of Public Health, University of Copenhagen (Mr Mortensen)

J Clin Psychiatry 70:12, December 2009



Strgm et al

Denmark; and Unit for Nutrition Research, Faculty of Food Science and
Nutrition, University of Iceland and Landspitali-University Hospital,

Focus oN WoMEN'S MENTAL HEALTH

activities: classification of energy costs of human physical activities.
Med Sci Sports Exerc. 1993;25:71-80.

Reykjavik (Dr Halldorson). 20. Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of
Potential conflicts of interest: None reported. physical activities: an update of activity codes and MET intensities.
Funding/support: Financial support for this study was obtained from Med Sci Sports Exerc. 2000;32:5498-5504.

the Faroese Research Council, the Fisheries Research Fund of the 21. World Health Organization. WHO Collaborating Centre for

Faroe Islands, the European Union 6th Framework Programme Project Drug Statistics Methodology. http://www.whocc.no/atcddd/.

EARNEST (FOOD-CT-2005-007036), and the European Union 6th Accessed October 8, 2009.

Framework Programme Integrated Research Project SEAFOODplus 22. Stathopoulou G, Powers MB, Berry AC, et al. Exercise Interventions for

(FOOD-CT-2004-506359). Funding for the Danish National Birth Mental Health: a quantitative and qualitative review. Clin Psychol Sci

Cohort has been provided by the March of Dimes Birth Defects Pract. 2006;13(2):179-193.

Foundation, the Danish Heart Association, the Danish Medical Research 23. Martinsen EW. Physical activity and depression: clinical experience.

Council, Sygekassernes Helsefond, the Danish National Research Foun- Acta Psychiatr Scand Suppl. 1994;89(s377):23-27.

dation, the Danish Pharmaceutical Association, the Ministry of Health 24. Lawlor DA, Hopker SW. The effectiveness of exercise as an intervention

(Denmark), the National Board of Health (Denmark), and Statens in the management of depression: systematic review and meta-regression

Serum Institut. analysis of randomised controlled trials. BM]J. 2001;322:763-767.

25. Armstrong K, Edwards H. The effects of exercise and social support on
REFERENCES m.others reporting depressive symptoms: a pilot randomized controlled
trial. Int ] Ment Health Nurs. 2003;12:130-138.
L 26. Armstrong K, Edwards H. The effectiveness of a pram-walking exer-
1. World Health Organization. The World Health Report 2001: Mental cise programme in reducing depressive symptomatology for postnatal
Health: New Understanding, New Hope. Geneva, Switzerland: World women. Int ] Nurs Pract. 2004;10:177-194.
Health Organization; 2001. ) 27. Heh SS, Huang LH, Ho SM, et al. Effectiveness of an exercise support
2. Cooper PJ, Murray L. Postnatal depression. BM]J. 1998;316:1884-1886. program in reducing the severity of postnatal depression in Taiwanese
3. Reck C, Hunt A, Fuchs T, et al. Interactive regulation of affect in women. Birth. 2008;35:60-65.
postpartum depressed mothers and their infants: an overview. 28. Haakstad LA, Voldner N, Henriksen T, et al. Physical activity level and
Psychopathology. 2004;37:272-280. . weight gain in a cohort of pregnant Norwegian women. Acta Obstet
4. Wolkind S. Mothers’ depression and their children’s attendance Gynecol Scand. 2007;86:559~564.
at medical facilities. ] Psychosom Res. 1985;29:579-582. 29. Juhl M, Andersen PK, Olsen J, et al. Physical exercise during pregnancy
5. Cox JL, Murray D, Chapman G. A controlled study of the onset, dura- and the risk of preterm birth: a study within the Danish National Birth
tion and prevalence of postnatal depression. Br ] Psychiatry. 1993;163: Cohort. Am ] Epidemiol. 2008;167:859-866.
27-31. ) : ) 30. Pereira MA, Rifas-Shiman SL, Kleinman KP, et al. Predictors of change
6. Kumar R. Postnatal mental illness: a transcultural perspective. in physical activity during and after pregnancy: Project Viva. Am J Prev
Soc Psychiatry Psychiatr Epidemiol. 1994;29:250-264. Med. 2007;32:312-319.
7. O’Hara MW, Swain AM. Rates and risk of postpartum depression— 31. Olsen LR, Mortensen EL, Bech P. Prevalence of major depression and
a meta-analysis. In Rev Psychiatry. 1996;8(1):37-54. stress indicators in the Danish general population. Acta Psychiatr Scand.
8. Brockington L. Postpartum psychiatric disorders. Lancet. 2004;363: 2004;109:96-103.
303-310. . 32. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression:
9. Nielsen FD, Videbech P, Hedegaard M, et al. Postpartum depression: development of the 10-item Edinburgh Postnatal Depression Scale.
identification of women at risk. BJOG. 2000;107(10):1210-1217. Br ] Psychiatry. 1987;150:782-786.

10. Munk-Olsen T, Laursen TM, Pedersen CB, et al. New parents and 33. Brosse AL, Sheets ES, Lett HS, et al. Exercise and the treatment of clini-
mental disorders: a population-based register study. JAMA. 2006; cal depression in adults: recent findings and future directions. Sports
296:2582-2589. ) N Med. 2002;32:741-760.

11. Camacho TC, Roberts RE, Lazarus NB, et al. Physical activity md.de' 34. Spence JC, McGannon KR, Poon P. The effect of exercise on global self-
pression: evidence from the Alameda County Study. Am ] Epidemiol. esteem: a quantitative review. J Sport Exerc Psychol. 2008;27:311-334.
1991;134:220-231. 35. Hausenblas HA, Fallon EA. Exercise and body image: a meta-analysis.

12. Dunn AL, Trivedi MH, Kampert JB, et al. Exercise treatment for depres- Psychol Health. 200621(1):33-47.
sion: efficacy and dose response. Arm ] Prey Me‘?' 2005;28:1-8. 36. Kritz-Silverstein D, Barrett-Connor E, Corbeau C. Cross-sectional

13. Parmer ME, Locke BZ, Moscicki EK, et al. Pbysmal activity and depres- and prospective study of exercise and depressed mood in the elderly:
sive symptoms: the NHANES I Epidemiologic Follow-up Study. the Rancho Bernardo study. Am J Epidemiol. 2001;153:596-603.

Am] Epzdem}ol. 1988;128:1340~1351. . . 37. Paffenbarger RS Jr, Lee I-M, Leung R. Physical activity and personal

14. Cooper-Patrick L, Ford DE, Mead LA, et al. Exercise and depression characteristics associated with depression and suicide in American
in midlife: a prospective study. Am J Public I?lealth .1997;87:670~673. college men. Acta Psychiatr Scand Suppl. 1994;89(s377):16-22.

15. Wiles NJ, Haase AM, Gallacher J, et al. Physical activity and common 38. Ernst C, Olson AK, Pinel P, et al. Antidepressant effects of exercise:
mental disorder: results from the Caerphilly study. Am ] Epidemiol. evidence for an adult-neurogenesis hypothesis? J Psychiatry Neurosci.
2007;165:946-954. 2006;31(2):84-92.

16. Olsen J, Melbye M, Olsen SE, et al. The Danish National Birth 39. De Moor MH, Boomsma DI, Stubbe JH, et al. Testing causality in the
Cohort~its background, structure and aim. Scand ] Public Health. association between regular exercise and symptoms of anxiety and
2001;29:300-307. depression. Arch Gen Psychiatry. 2008;65:897-905.

17. Olsen SE, Mikkelsen TB, Knudsen VK, et al. Data collected on maternal
die_tary exposures in the Danish National Birth Cohort. Paediatr Perinat Editor’s Note: We encourage authors to submit papers for
Epidemiol. 200721:76-86. . . consideration as a part of our Focus on Women’s Mental

18. Munk-Jorgensen P, Mortensen PB. The Danish Psychiatric Central Health section. Please contact Marlene P. Freeman, MD
Register. Dan Med Bull. 1997;44:82~84. : i : iR gl

19. Airglsworth BE, Haskell WL, Leon AS, et al. Compendium of physical at mfreeman@psychiatrist.com.

J Clin Psychiatry 70:12, December 2009 PSYCHIATRIST.COM 1714

-434-



X%

Leisure—time physical activity in pregnancy and risk of postpartum depression: a prospective study in'a
large national birth cohort

]

Strom Marin, et al.

MES4

Journal of clinical psychiatry

5B |70 12 1707-1714
ZTE 2000
PubMed') 27 [lnttp.//www.nebinlm.nihgov/pubmed/20141710

HRDMER

EiEY]
i)

HIROES

_________________ ) i
| __ Fip___pk15%, 35-4 (). BIRZE 3R
HEH 1000051 F ( ) ( )

FHEDHE

L L Bl HL L ( )
7 ~ T £ 155
wigwE | 5L L moL o |DERERE )|« )

B =

Tahte 4. Distribution of Participants, OR for PPD-Admission, and OR for PPR-Prescription by Measures of Physical Activity in
Gestation Weeks 12 and 30 Combined {N = 70,868)

PP Admdssion PRI~ Frexoription

N, af Crude Adiusted” N of Crade Adjusted”
Nensure N e Cuses R S CL OR Do F ATnses OR QEvh QY OR, 259 OF
Physical activiky, weeks 13 and 30
Not physteally active 33,802 48 7 Teoforenae Reference s B30 Referenoe - Referancoe Jo
Active 12,536 18 23 .83 DB 13,37 - 1.39 1¥7 050 39—, 8% (5 O.FL-1.0F
Changed sctivigy level, weeks 24,828 38 & 1.08 L0 G771 84 448 ol D80 1.02 0.94 DEE-1.06
H o
Tnkensity, wecks 12 and 30
Nt physbosdly zctive AB3R0Z 4R TA Reforence Relerance . (34 R:Irr»m.-t . Reference .
Maoderately active’ 5,59% & 133 1.29 22 1 082248 £ P CLEB—€. 4% O.8G D.58— 510
Sigorou 1s]v active? 2,704 & 3 a.3% a4t 3131 41 (] 55 45075 067 0.48-LY3
Changed activity fevel, wecks 27773 3% &3 A2 ENVES G741 46 S0 xS LABCEES 300 LiRCEY 0.83-3 437
1230

3’(:: centage within wvariabie,
®Adjusted for msternal ngey, parity, pre- progrant body mass index, alcobof intake, smoking, occupation, education, home ownership, marital status, sacial
suppnr( and kistory o‘{;‘re s ctepre:

tely active detined 'L QPartiE

5% of total e i phpsical activity as vigoroas activio
* Vo 6 of total time in physical 2Ctvity as Vigoraus activity,
Abdseviations: OR =pohds muo PEID = POSIPATIVIE 35 DIEssinmt.

H =SB EFR

IS
(800F & T)

<BH> KFBLEIMEDR—NT, EiREEEZS D (PPD) L AREHEORDBEEFIERTHE, <
ﬁ,£>1oooooAuJ:a)m}im996¢b\52002¢)(:Eﬁ?‘é’tﬁi&’é%o?yv~'):ztﬂi:m-\——lvﬁ\ro@
BHIERE, ToR— MR EHETERICUVINTW =, T Y—YEIZ HEIR—M 5570866 A D
HELEDOT—FESHICEHT-, BKEEO R, 88, BJU2/TXERM2BTOEE (V2

Ea—ICkYEFHELTz, EESDRE. IO DPEDLAHIWIIARRE. TOMILEL, <ER>EDEEH
DRATLEDEELZBLT, RAITEERSID-ARISIHIEERS DEMNED1305FEZRE L, HEIRPIZE
FHUEBEKREHICHETILEIIRER LA ELBRLT, S2ELADYRIMNMENOF-(HEAYX
Ek. 0.81,95%CI, 0.66/°50.99) . CD K HHBLETI EKEEFNLERIDARDBEICERIA LMo L
L. EIRETCPE =TT, BIKEENIL. EROIDARDYRIEMEREL TV,

% W PO OEBBEEVELTHERIDICHLT. BRERBEREFBICLDFPHUDREH ODILERELTN
(200 % T) 5. LA L. COFHEIZ. BRI ODARTIERESNEM DT,
IHR/\—k

Iz&kdarvbk
(200F%T)

BERLERDIDETFHIA-OICHED K ERNDETHAILETRT BRRVIERTHD.

HEE EHITE

-435-



3396

Effect of Physical Activity on Breast Cancer Risk:
Findings of the Japan Collaborative Cohort Study

Sadao Suzuki,! Masayo Kojima,! Shinkan Tokudome,! Mitsuru Mori,® Fumio Sakauchi,’
Yoshihisa Fujino,® Kenji Wakai,? Yingsong Lin,” Shogo Kikuchi,” Koji Tamakoshi,3

Hiroshi Yatsuya, and Akiko Tamakoshi” for the Japan Collaborative Cohort Study Group
Department of Public Health, Nagoya City University Graduate School of Medical Sciences, and Departments of *Preventive Medicine/
Biostatistics and Medical Decision Making, *Nursing, and ‘Public Health, Nagoya University Graduate School of Medicine, Nagoya,

Japan; *Department of Public Health, Sapporo Medical University School of Medicine, Sapporo, Japan; ‘Department of Preventive
Medicine and Community Health, University of Occupational and Environmental Health, Kitakyushu, Japan; and "Department

of Public Health, Aichi Medical University School of Medicine, Nagakute, Japan

Abstract

Purpose: This study aimed to examine prospectively the
association between physical activity and breast cancer
risk in a non-Western population.

Methods: We analyzed data from the Japan Collabora-
tive Cohort Study, which included 30,157 women, ages
40 to 69 years at baseline (1988-1990), who reported
no previous history of breast cancer, and provided
information on their walking and exercise habits. The
subjects were followed prospectively from enrollment
until 2001 (median follow-up period, 12.4 years). Breast
cancer incidence during this period was confirmed
using records held at population-based cancer regis-
tries. The Cox proportional hazards model was used to
estimate the hazard ratio (HR) for the association of
breast cancer incidence with physical activity.

Results: During the 340,055 person-years of follow-up,
we identified 207 incident cases of breast cancer. The

most physically active group (who walked for >1 hour
per day and exercised for >1 hour per week) had a
lower risk of breast cancer (HR, 0.45; 95% confidence
interval, 0.25-0.78) compared with the least active group
after adjusting for potential confounding factors. The
inverse association of exercise on breast cancer was
stronger among those who walked for >1 hour per day
than those who walked for <1 hour per day (P = 0.042).
These results were not significantly modified by
menopausal status or body mass index (BMI).
Conclusions: Our analysis provided evidence that
physical activity decreased the risk of breast cancer.
Walking for 1 hour per day and undertaking additional
weekly exercise both seemed to be protective against
breast cancer, regardless of menopausal status or
BMI. (Cancer Epidemiol Biomarkers Prev 2008;17(12):
3396-401)

Introduction

Since the early 1990s, breast cancer has been the most
commonly diagnosed cancer, even among Japanese
women (1). The continuous increase in breast cancer
incidence during recent decades has been an important
public health concern in Japan, and there has been
growing interest in physical activity as a means of
primary prevention. Worldwide, numerous epidemio-
logic studies have reported associations between phys-
ical activity and cancer risk, with most observing a
protective effect. Reviews published in 2002 concluded
that there was sufficient evidence to support the role of
physical activity in preventing breast cancer (2, 3). A
systematic review published in 2007 (4) showed a
decreased relative risk (<0.8) associated with leisure
activities in 8 of 17 cohort studies (5-12), whereas the
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remaining 9 reported no association (13-21). Three more-
recent cohort studies supported the risk reduction
(22-24), whereas one found no evidence of a protective
effect of physical activity on breast cancer (25). In
addition to the 20% to 40% overall risk reduction of
breast cancer among the more physically active women
(2), the effects of menstrual characteristics, obesity, use
of sex hormones, hormone-receptor status, and immune
function have also been discussed in previous reports
(24, 26, 27). However, these have been based on data
from Western populations, and to our knowledge there
have been no prospective reports from Asia. Different
factors might influence Asian populations, as their
characteristics (such as breast cancer incidence, physical
activity, and body size) tend to differ from those of
Western populations. Here, we analyzed data from a
large-cohort study, the Japan Collaborative Cohort
(JACC) Study, to examine the relationship between
physical activity and breast cancer with a particular
emphasis on the interactions with other risk factors,
such as menopausal status and obesity.

Materials and Methods

Study Population. The present analysis was based on
data from the JACC Study. This prospective cohort study
evaluated the cancer risk associated with lifestyle factors
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among the Japanese population. At baseline (1988-1990),
110,792 subjects (46,465 men and 64,327 women), ages 40
to 79 y, were enrolled from 45 areas throughout Japan.
All of the participants were subsequently followed up for
all-cause mortality. Of the women in the baseline cohort,
34,086 lived in the 22 areas where data on both cancer
incidence and physical activity were available. The JACC
Study has been described in detail elsewhere (28, 29).
Informed consent for participation was obtained from all
individuals, with the exception of those in a few study
areas where informed consent was provided at the group
level, after the aims and data confidentiality had been
explained to community leaders. The Ethics Board of
Nagoya University School of Medicine, Japan, approved
the JACC Study protocol.

Physical Activity Assessment. A self-administered
questionnaire was used to obtain information on physical
activity at baseline (30). The items covered included
amount of time spent walking, amount of time spent
exercising, and physical activity at the work place. Time
spent walking daily was classified into three categories
(<30 min, 30-59 min, and =1 h), as was time spent
exercising (never or seldom, 1-2 h/wk, =3 h/wk). The
validity of the estimates of time spent participating in
sports and leisure activities was examined in a sample
of the baseline subjects, suggesting that measuring
physical activity level with the single-item question
may be appropriate for establishing baseline data that
reflect long-term physical activity in a large-scale cohort
study (30, 31). We did not analyze the metabolic
equivalent intensity, because of a lack of information
on the strength of the exercise.

Other Variables. Information on additional potential
breast cancer risk factors, such as family history, body
mass index (BMI), tobacco and alcohol use, age at
menarche, marital status, parity, age at birth of first
child, menopausal status, and hormone use, was collected
via the baseline questionnaire.

Follow-up and Identification of Breast Cancer Cases.
The study participants were followed up from the time
of enrollment until 2001, excluding five areas in which
they were halted earlier. During this period, population
registry data from each municipality were used to
ascertain the residential and vital status of the partic-
ipants. In Japan, the registration of death is required by
the Family Registration Law, theoretically providing
complete mortality data. Breast cancer incidence was
confirmed mainly through the records of the population-
based cancer registries in each area. During the study
period, only 1,189 (3.9%) of the subjects were lost to
follow-up due to moving out of the given study areas.
The proportion of death-certificate-only cases was 6.3%
(13 of 207). The mortality-to-incidence ratio for breast
cancer was 0.26 (50 of 194) in the cohort covered by the
cancer registries, which was within the range calculated
using the available data from population-based cancer
registries in Japan (0.20-0.30; ref. 32). We expect 37.4
breast cancer incidence cases who cannot be found from
the cancer registries. The present analysis excluded 246
women who reported a previous diagnosis of breast
cancer and 3,683 women who did not provide informa-
tion on physical activity at baseline. Thus, a total of
30,157 women were included in the present analysis.

Statistical Analysis. For all participants, the person-
years of follow-up was calculated as the time from
enrollment until the diagnosis of breast cancer, death
from any cause, moving out of the study area, or the end
of follow-up, whichever occurred first. For the breast
cancer cases ascertained by death-certificate-only, the
person-years of follow-up were calculated from the time
of enrollment until the time of death from breast cancer.
Those individuals who died from causes other than
breast cancer (n = 2,518) or who moved out of the study
areas were treated as censored cases. We used Cox
proportional hazards models to estimate the hazard
ratios (HR) and 95% confidence intervals (95% CI) for the
association of breast cancer incidence with physical
activity. We evaluated the relationship using two
models: an age-adjusted model (using 5-y age groups),
and a mu1t1var1able model with a 2)ustments for age,
BMI (<220 kg/m 22.0-23.9 kg/m? 24.0-259 kg/m?,
>26.0 kg/m?, or unknown), alcohol drinking (never, past,
current, or un.known) age at menarche (<15 y, 15-16 y,
>17 y, or unknown), education level (attended school
until the age of <16 y, 16-18 y, 219 y, or unknown), parity
(nulliparous, 1 birth, 2-3 births, >4 births, or unknown),
age at birth of first child (<22 'y, 22-23 y, 24-25 y, >26 y,
or unknown), use of exogenous female hormone (yes, no,
or unknown), family history of breast cancer in a first-
degree relative (yes, no, or unknown), menopausal status
(premenopausal or postmenopausal), and menopausal
age for postmenopausal women (<45 y, 45-49 y, >50 y, or
unknown). In this study, those who provided meno-
pausal age or who were at the average age at menopause,

249 y at baseline, were treated as postmenopausal
women, and only those who were <49 y without
information of menopausal age were treated as premen-
opausal women. Each “unknown’ category included 5%
to 9% of all women. All analyses were stratified by six
study areas (Hokkaido and Tohoku, Kanto, Chubu,
Kinki, Chugoku, and Kyushu). Trend tests were done
for category-based scores, which were assessed by
allocating values ranging from 1 to 3 to each individual
according to the selected physical activity variables.

To estimate the interaction of time spent walking and
time spent exercising, we recategorized the subjects into
four groups using the following cutoff points for physical
activity: daily walking for <1 h or =1 h, and weekly
exercising for <1 h or =1 h. Furthermore, the HR for the
most active group (those who walked for >1 h/d and
exercised for >1 h/wk) compared with the other groups
was estimated accordmg to menopausal status and BMI
(<24 or 224 kg/m?), and we examined the interaction
between physical acnvxty and these factors (Table 5). We
used a BMI of 24 kg/m? instead of 25 kg/m? as a cutoff
point for overweight. That was because there were only
47 cases for BMI >24 kg/m? which were too few to
discuss interaction. For instance, we estimated the two
HRs for physical activity among women who were
premenopausal and postmenopausal at baseline, and
then the P value for the interaction term of menopausal
status and physical activity was calculated to test the
difference between these HRs. We repeated the analysis
after excluding the initial 2 y of follow-up, during which
37 cases of breast cancer were diagnosed. All of the
P values were two-sided, with P < 0.05 indicating
statistical significance. All of the analyses were done
with SAS version 9.1 (SAS Institute, Inc.).
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Table 1. Baseline characteristics associated with age in the JACC Study

Characteristics

Age group Total

4049 y

50-59 y

60-69 y 7079 y

Number, n (row %)

Time spent walking per day
Never or seldom, n (%)
Around 30 min, 7 (%)
30-59 min, n (%)
>1h, n (%)

Time spent exercising per wk

7,561 (25.1)

868 (11.5)
1,393 (18.4)
1,584 (20.9)
3,716 (49.1)

9,361 (31.0)

1,013 (10.8)
1,650 (17.6)
1,989 (21.2)
4,709 (50.3)

9,098 (30.2) 4,137 (13.7) 30,157 (100.0)

807 (8.9) 403 (9.7) 3,091 (10.2)
1,794 (19.7) 876 (21.2) 5,713 (18.9)
1,945 (21.4) 956 (23.1) 6,474 (21.5)

4,552 (50.0) 1,902 (46.0) 14,879 (49.3)

Never or seldom, 71 (%) 5,890 (77.9) 7,365 (78.7) 6,591 (72.4) 2,842 (68.7) 22,688 (75.2)
12 h, 1 (%) 1,176 (15.6) 1,298 (13.9) 1412 (15.5) 617 (14.9) 4,503 (14.9)
34 h, n (%) 338 (4.5) 399 (4.3) 572 (6.3) 306 (7.4) 1,615 (5.4)
>5h, n (%) 157 (2.1) 299 (3.2) 523 (5.7) 372 (9.0) 1,351 (4.5)

NOTE: Mean (SD) or %, calculated for participants with complete physical activity data.

Results

The average age at baseline was 57.6 + 10.1 years, and
the median follow-up time was 12.4 years. During the
340,055 person-years of follow-up, we identified 207
incident cases of breast cancer. The annual incidence of
breast cancer in the cohort per 1,000 women was 0.61.
Table 1 shows the distributions of physical activity
according to age. Time spent walking was distributed
similarly in the four age groups, with ~50% of the
subjects walking for =1 hour per day. By contrast, for
time spent exercising and physical activity at the work
place, the older the subjects, the more physically active
they tended to be. Regardless of the age group, more
than two thirds of the participants never or seldom
exercised.

Table 2 presents the risk of breast cancer in relation to
physical activity. After adjusting for potential confound-
ing factors, the HR was marginally decreased among
those who walked for >1 hour per day (HR, 0.73; 95% CI,
0.53-1.01). However, those who exercised for >3 hours
per week were not statistically decreased (HR, 0.85; 95%
CI, 0.51-1.40). The P value for the linear trend of time
spent walking was 0.043, which indicated that the dose-
response effect of time spent walking and breast cancer
risk was significant. The adjusted HR for those who
walked for >1 hour compared with the rest of the
women was significantly different (HR, 0.70; 95% CI,
0.53-0.93), although that for those who exercised for

>3 hours per week was not significant (HR, 0.83; 95% CI,
0.59-1.16).

To investigate the joint effect of walking and exercise,
we recategorized the data using the following cutoff
points for physical activity: daily walking for <1 hour
and exercising for <1 hour per week. Table 3 shows the
mean values and distributions of risk factors for breast
cancer according to the walking and exercise time
categories. The subjects who walked and exercised more
tended to be older and to drink more alcohol. The BMI
values did not significantly differ between categories
(range, 22.7-22.8 kg/m?).

Table 4 shows the HRs of breast cancer associated with
the joint effect of time spent walking and time spent
exercising. The most physically active group (those who
walked for >1 hour per day and exercised for >1 hour
per week) had a lower risk of breast cancer (HR, 0.45;
95% CI, 0.25-0.78) compared with the least active group
after adjusting for potential confounding factors. A
significant interaction (P = 0.042) was observed between
time spent walking and time spent exercising, meaning
that the combined effect of exercise and walking on
breast cancer was significant.

The HR of the most physically active group compared
with the rest of the women was estimated for the
subgroups according to menopausal status and BMI in
Table 5, to examine the effects modification of these
factors on the association between physical activity and
breast cancer onset. The marginal inverse association was

Table 2. HR of breast cancer associated with physical activity in the JACC study

Physical activity Cases Person-years Age adjusted Multivariate*
HR (95% CI) HR (95% CI)

Time spent walking per day
<30 min 69 96,752 1.00 (Reference) 1.00 (Reference)
30-59 min 56 71,411 1.14 (0.71 - 1.84) 1.13 (0.80 - 1.61)
>1h 82 171,892 0.70 (0.51 - 0.97) 0.73 (0.53 ~ 1.01)
P for trend 0.021 0.043

Time spent exercising per week
Never or seldom 161 255,829 1.00 (Reference) 1.00 (Reference)
1-2h 29 51,043 0.87 (0.59 — 1.30) 0.83 (0.56 — 1.23)
>3 h 17 33,183 0.87 (0.53 — 1.45) 0.85 (0.51 - 1.40)
P for trend 0.45 0.33

*Adjusted for age, BMI, alcohol drinking, age at menarche, education level, parity, age at birth of first child, use of exogenous female hormone, family
history of breast cancer in a first-degree relative, menopausal status, and menopausal age for postmenopausal women.

Cancer Epidemiol Biomarkers Prev 2008;17(12). December 2008

-438-



Cancer Epidemiology, Biomarkers & Prevention

Table 3. Baseline characteristics associated with physical activity in the JACC study

Characteristics Time spent exercising <1 h/wk Time spent exercising =1 h/wk
Time spent walking per day Time spent walking per day
<lh 21h <lh =1h
Number, n (row %) 11,864 (39.3) 10,824 (35.9) 3,414 (11.3) 4,055 (13.4)
BMI, mean + SD (kg/mz) 22.8 £ 3.2 227 + 3.0 22.8 £ 3.0 227 £ 29
Age at baseline, mean + SD, y 575 + 10.3 56.8 £ 9.6 585 £ 10.3 59.2 + 104
Age at menarche, mean + SD, y 148 £ 1.8 149 + 1.8 148 + 1.8 149 + 1.8
Age at birth of first child, mean + SD, y 252 + 3.3 250 £33 251+ 32 249 + 3.1
Age at menopause, mean + SD, y 48.7 + 4.8 48.6 + 4.6 48.8 £ 4.7 489 = 45
Age of the end of education, mean £ SD, y 166 + 2.1 165 + 2.1 169 + 2.2 16.7 + 2.1
Postmenopausal, 1 (%) 8,946 (75.4) 8,176 (75.5) 2,657 (77.8) 3,225 (79.5)
Nulliparous, n (%) 612 (5.2) 387 (3.6) 142 (4.2) 163 (4.0)
Not married, n (%) 223 (2.0) 120 (1.2) 65 (2.1) 42 (1.1)
Exogenous female hormone use, 1 (%) 580 (5.4) 474 (4.8) 191 (6.2) 207 (5.7)
Family history of breast cancer,* n (%) 191 (1.6) 159 (1.5) 63 (1.9) 65 (1.6)
Current smoKer, 7 (%) 606 (5.6) 556 (5.7) 133 (4.3) 183 (5.0)
Current drinker, n (%) 2,594 (23.1) 2,447 (24.0) 906 (27.9) 1,122 (29.4)

NOTE: Mean (SD) or %, calculated for participants with complete physical activity data.
*In a first-degree relative.

observed in each subgroup, and no significant interaction The present study showed an interactive effect of
was observed. This suggests that the inverse association walking and exercise. This could be explained in several
was not modified by these factors. Similar results were ways. For instance, multiple types of exercise might
found after excluding the initial 2 years of follow-up, work more effectively than a single type of exercise, the
during which 37 cases of breast cancer were diagnosed. effect of physical activity might be quadratic, or walkers

might tend to exercise more intensely. Whatever the
reason, our results indicate that walking for >1 hour per

Discussion day should inijtially be recommended, and additional
weekly exercise should be undertaken to improve the
Our prospective analysis of the relationship between protective effect against breast cancer.
physical activity and breast cancer in Japanese women In the present study, menopausal status and BMI did
revealed a significant inverse association. In particular, not affect the relationship between physical activity and
the combined effect of walking and exercise was stronger breast cancer. Of the two, the modifying effect of
than that expected based on the individual effects. menopausal status is the more controversial. Among
Moreover, the combined protective effect of walking the previous cohort studies that have analyzed this
and exercise was not modified significantly by meno- association according to menopausal status, only two
pausal status or BMI This suggests that physical activity have observed a significantly decreased breast cancer
has a protective effect regardless of menopausal status or risk among premenopausal women (11, 22), and the
weight. Previous studies of Western populations have evidence is weaker among premenopausal women (5, 10,
provided convincing evidence of an inverse association 17). This difference might be partly due to the way in
between physical activity and breast cancer risk (2, 3), which menopause has been treated in the analyses. All
as supported by a recent systematic review (4). Adding of the studies, including the present one, reporting a
more recent cohort studies (22-25), 10 of 21 showed protective effect of physical activity among premeno-
a significantly decreased breast cancer risk associated pausal women have used only baseline menopausal
with physical activity. Despite the comparatively lower status and have not updated this measure. By contrast,
incidence of breast cancer in Japan (1), an inverse a study that found no association did update the
association between physical activity and breast cancer menopausal status (19), and menopause was included
incidence has also been observed, which was consistent as one of its end points.
with the findings of previous case-control studies in Compared with menopausal status, the effect
Japan (33-35). modification of BMI on the association between physical

Table 4. HR of breast cancer associated with physical activity in the JACC study

Physical activity Cases Person-years Age adjusted Multivariate*
Time spent walking (h/d) Time spent exercising (h/wk) HR (95% CI) HR (95% CI)
<1 <1 93 130,279 1.00 (Reference) 1.00 (Reference)
>1 <1 68 125,550 1.18 (0.79 - 1.77) 1.13 (0.75 - 1.69)
<1 >1 32 37,885 0.76 (0.56 — 1.04) 0.82 (0.60 — 1.12)
>1 >1 14 46,342 0.42 (0.24 - 0.74) 0.45 (0.25 - 0.78)
P for interaction 0.035 0.041

*Adjusted for age, BMI, alcohol drinking, age at menarche, education level, parity, age at birth of first child, use of exogenous female hormone, family
history of breast cancer in a first-degree relative, menopausal status, and menopausal age for postmenopausal women.
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Table 5. HR of breast cancer among the most
physically active group compared with the rest of
the women by subgroup of menopausal status and
BMI in the JACC study

Subgroup

Age adjusted

Multivariate*

HR (95% CI)

HR (95% CI)

Menopausal status
Premenopausal
Postmenopausal
P for interaction

BMI (kg/m?)
<24
>24
P for interaction

0.14 (0.02 - 0.97)
0.53 (0.29 - 0.96)
0.524

0.43 (0.20 — 0.91)
0.45 (0.18 - 1.10)
0.940

0.13 (0.02 - 0.91)
053 (0.29 - 0.96)
0.528

0.42 (0.19 - 0.90)
0.44 (0.18 — 1.09)
0.949

*Adjusted for age, BMI, alcohol drinking, age at menarche, education
level, parity, age at birth of first child, use of exogenous female hormone,
family history of breast cancer in a first-degree relative, menopausal
status, and menopausal age for postmenopausal women.

activity and breast cancer risk has been more consistent,
as previous studies have failed to show general effects
(5, 6, 8-10, 13, 14, 16, 18, 19, 21). These findings suggest
that the effect of physical activity is independent of
menopausal status (despite the possibility of a less
precise effect among premenopausal women) and
BMI. Therefore, the recommendation to undertake
physical activity to prevent breast cancer does not
need to be altered according to differences in these
factors.

A major strength of the present study is its prospective
design, which might avoid the recall bias that is possible
in case-control studies. Moreover, information on other
risk factors for breast cancer was included, and potential
confounding factors were controlled for in the analyses
when examining the association.

Our study had some limitations that should be
considered when interpreting the results. First, because
we used only a simple questionnaire at baseline, neither
metric equivalent nor updated values were available to
evaluate physical activity. In general, assessing physical
activity in epidemiologic studies is difficult, which might
explain the heterogeneous results observed across
studies of its association with breast cancer (36).
Although it is possible that the reported levels might
have overestimated or underestimated the actual phys-
ical activity, the information was collected before
diagnosis and should not have differed according to
the end point status. Thus, the misclassification of
physical activity in the present study for both reasons
is nondifferential. It means the estimated HRs tend to
be close to the null, and true HRs should be smaller due
to the misclassification. In addition, because more than
two thirds of the women in our cohort never or seldom
exercised, we expect less serious misclassification.
Second, updated information on menopausal status
was lacking, which could modify the relationship
between physical activity and breast cancer. Thus, from
an etiologic viewpoint, the misclassification of meno-
pausal status at the onset of breast cancer should be
important. However, from the viewpoint of cancer
prevention, the menopausal status at cancer onset is
comparatively less important, and the HR could be

naturally interpreted for premenopausal women at
baseline. Third, misclassification of menopausal status
at baseline should also be considered. However, the
point estimate of the HR among premenopausal women
was smaller than that among postmenopausal women,
which could not be explained from misclassification. In
addition, the results were not essentially changed when
we removed women who were 47 to 50 years old from
the premenopausal group. More studies are needed of
premenopausal women in larger subjects.

In summary, our analysis provided evidence that
physical activity decreased the risk of breast cancer
among Japanese women. Another encouraging finding
of this study is that the effect of physical activity on
breast cancer risk is not modified by menopausal status
and BMI. We recommend walking for 1 hour per day
along with additional weekly exercise to protect against
breast cancer, regardless of menopausal status and BMI.
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Appendix 1. The Japan Collaborative Cohort
Study Group

The present members of the JACC Study and their
affiliations are as follows: Dr. Akiko Tamakoshi (present
chairman of the study group), Aichi Medical University
School of Medicine; Dr. Mitsuru Mori, Sapporo
Medical University School of Medicine; Dr. Yutaka
Motohashi, Akita University School of Medicine;
Dr. Ichiro Tsuji, Tohoku University Graduate School of
Medicine; Dr. Yosikazu Nakamura, Jichi Medical School;
Dr. Hiroyasu Iso, Institute of Community Medicine,
University of Tsukuba; Dr. Haruo Mikami, Chiba Cancer
Center; Dr. Yutaka Inaba, Juntendo University School
of Medicine; Dr. Yoshiharu Hoshiyama, University of
Human Arts and Sciences Graduate School; Dr. Hiroshi
Suzuki, Niigata University Graduate School of Medical
and Dental Sciences; Dr. Hiroyuki Shimizu, Gifu
University School of Medicine; Dr. Hideaki Toyoshima,
Nagoya University Graduate School of Medicine;
Dr. Shinkan Tokudome, Nagoya City University Grad-
uate School of Medical Sciences; Dr. Yoshinori Ito,
Fujita Health University School of Health Sciences;
Dr. Shuji Hashimoto, Fujita Health University School of
Medicine; Dr. Shogo Kikuchi, Aichi Medical University
School of Medicine; Dr. Kenji Wakai, Nayoga University
Graduate School of Medicine; Dr. Akio Koizumi,
Graduate School of Medicine and Faculty of Medicine,
Kyoto University; Dr. Takashi Kawamura, Kyoto
University Center for Student Health; Dr. Yoshiyuki
Watanabe and Dr. Tsuneharu Miki, Kyoto Prefectural
University of Medicine Graduate School of Medical
Science; Dr. Chigusa Date, Faculty of Human Environ-
mental Sciences, Mukogawa Women’s University;
Dr. Kiyomi Sakata, Wakayama Medical University;
Dr. Takayuki Nose, Tottori University Faculty of Med-
icine; Dr. Norihiko Hayakawa, Research Institute for
Radiation Biology and Medicine, Hiroshima University;
Dr. Takesumi Yoshimura, Institute of Industrial Ecolog-
ical Sciences, University of Occupational and Environ-
mental Health, Japan; Dr. Akira Shibata, Kurume
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University School of Medicine; Dr. Naoyuki Okamoto,
Kanagawa Cancer Center; Dr. Hideo Shio, Moriyama
Municipal Hospital; Dr. Yoshiyuki Ohno (former chairman
of the study group), Asahi Rosai Hospital; Dr. Tomoyuki
Kitagawa, Cancer Institute of the Japanese Foundation for
Cancer Research; Dr. Toshio Kuroki, Gifu University; and
Dr. Kazuo Tajima, Aichi Cancer Center Research Institute.
The past investigators of the study group were listed
in ref. 28 except for the following eight members
(affiliations are those at the time they participated in
the study): Dr. Takashi Shimamoto, Institute of Commu-
nity Medicine, University of Tsukuba; Dr. Heizo Tanaka,
Medical Research Institute, Tokyo Medical and Dental
University; Dr. Shigeru Hisamichi, Tohoku University
Graduate School of Medicine; Dr. Masahiro Nakao,
Kyoto Prefectural University of Medicine; Dr. Takaichiro
Suzuki, Research Institute, Osaka Medical Center for
Cancer and Cardiovascular Diseases; Dr. Tsutomu
Hashimoto, Wakayama Medical University; Dr. Teruo
Ishibashi, Asama General Hospital; and Dr. Katsuhiro
Fukuda, Kurume University School of Medicine.

Acknowledgments

The costs of publication of this article were defrayed in part by
the payment of page charges. This article must therefore be
hereby marked advertisement in accordance with 18 U.S.C.
Section 1734 solely to indicate this fact.

We thank Dr. Kunio Aoki, Professor Emeritus, Nagoya
University School of Medicine and the former chairman of the
JACC Study Group, and Dr. Haruo Sugano, the former Director of
the Cancer Institute of the Japanese Foundation for Cancer
Research, for their significant contribution to the initiation of this
study.

References

1. Marugame T, Matsuda T, Kamo K, Katanoda K, Ajiki W, Sobue T.
Cancer incidence and incidence rates in Japan in 2001 based on the
data from 10 population-based cancer registries. Jpn J Clin Oncol 2007;
37:884-91.

2. Vainio H, Kaaks R, Bianchini F. Weight control and physical activity
in cancer prevention: international evaluation of the evidence. Eur
J Cancer Prev 2002;11 Suppl 2:594-100.

3. Berglund G. Anthropometry, physical activity and cancer of the
breast and colon. IARC Sci Publ 2002;156:237 -41.

4. Monninkhof EM, Elias SG, Vlems FA, et al. Physical activity and
breast cancer: a systematic review. Epidemiology 2007,8:137-57.

5. Sesso HD, Paffenbarger RS, Jr., Lee IM. Physical activity and breast
cancer risk in the College Alumni Health Study (United States).
Cancer Causes Control 1998;9:433-9.

6. Thune I, Brenn T, Lund E, Gaard M. Physical activity and the risk of
breast cancer. N Engl ] Med 1997;336:1269-75.

7. Wyrwich KW, Wolinsky FD. Physical activity, disability, and the risk
of hospitalization for breast cancer among older women. J Gerontol A
Biol Sci Med Sci 2000;55:M418-21.

8. Patel AV, Callel EE, Bernstein L, Wu AH, Thun M]J. Recreational
physical activity and risk of postmenopausal breast cancer in a large
cohort of US women. Cancer Causes Control 2003;14:519-29.

9. McTiernan A, Kooperberg C, White E, et al. Recreational physical
activity and the risk of breast cancer in postmenopausal women: the
Women'’s Health Initiative Cohort Study. JAMA 2003;290:1331-6.

10. Breslow RA, Ballard-Barbash R, Munoz K, Graubard Bl Long-term
recreational physical activity and breast cancer in the National
Health and Nutrition Examination Survey I epidemiologic follow-up
study. Cancer Epidemiol Biomarkers Prev 2001;10:805-8.

11. Wyshak G, Frisch RE. Breast cancer among former college athletes com-
pared to non-athletes: a 15-year follow-up. Br ] Cancer 2000;82:726~30.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23,

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Cerhan JR. Physical activity, physical function and the risk of breast
cancer in a prospective study among elderly women. J Gerontol A
Biol Sci Med Sci 1998;53:M251-6.

Dirx MJ, Voorrips LE, Goldbohm RA, van den Brandt PA. Baseline
recreational physical activity, history of sports participation, and
postmenopausal breast carcinoma risk in the Netherlands Cohort
Study. Cancer 2001;92:1638-49.

Tehard B, Friederweich CM, Oppert JM, Clavel-Chapelon F. Effect of
physical activity on women at increased risk of breast cancer: results from
the E3N cohort study. Cancer Epidemiol Biomarkers Prev 2006,1557 ~64.
Rockhill B, Willett WC, Hunter D], Manson JE, Hankinson SE,
Colditz GA. A prospective study of recreational physical activity and
breast cancer risk. Arch Intern Med 1999;159:2290-6.

Moradi T, Adami HO, Ekbom A, et al. Physical activity and risk for
breast cancer a prospective cohort study among Swedish twins. Int
J Cancer 2002;100:76~81.

Margolis KL, Mucci L, Braaten T, et al. Physical activity in different
periods of life and the risk of breast cancer: the Norwegian-Swedish
Women’s Lifestyle and Health cohort study. Cancer Epidemiol
Biomarkers Prev 2005;14:27-32.

Luoto R, Latikka P, Pukkala E, Hakulinen T, Vihko V. The effect of
physical activity on breast cancer risk: a cohort study of 30,548
women. Eur J Epidemiol 2000;16:973-80.

Colditz GA, Feskanich D, Chen WY, Hunter DJ, Willett WC. Physical
activity and risk of breast cancer in premenopausal women. Br |
Cancer 2003;89:847-51.

Lee IM, Rexrode KM, Cook NR, Hennekens CH, Burin JE. Physical
activity and breast cancer risk: the Women’s Health Study (United
States). Cancer Causes Control 2001;12:137 -45.

Moore DB, Folsom AR, Mink PJ, Hong CP, Anderson KE, Kushi LH.
Physical activity and incidence of postmenopausal breast cancer.
Epidemiology 2000;11:292-6.

Lahmann PH, Friedenreich C, Schuit AJ, et al. Physical activity and
breast cancer risk: the European Prospective Investigation into Cancer
and Nutrition. Cancer Epidemiol Biomarkers Prev 2007;16:36—42.
Dallal CM, Sullivan-Halley J, Ross RK, et al. Long-term recreational
physical activity and risk of invasive and in situ breast cancer: the
California teachers study. Arch Intern Med 2007;167:408-15.

Bardia A, Hartmann LC, Vachon CM, et al. Recreational physical
activity and risk of postmenopausal breast cancer based on hormone
receptor status. Arch Intern Med 2006;166:2478 - 83.

Mertens AJ, Sweeney C, Shahar E, Rosamond WD, Folsom AR.
Physical activity and breast cancer incidence in middle-aged women:
a prospective cohort study. Breast Cancer Res Treat 2006;97:209-14.
Bianchini F, Kaaks R, Vainio H. Weight control and physical activity
in cancer prevention. Obes Rev 2002;3:5-8.

Friedenreich CM, Orenstein MR. Physical activity and cancer
prevention: etiologic evidence and biological mechanisms. J Nutr
2002,;132:3456 - 64S.

Ohno Y, Tamakoshi A. Japan collaborative cohort study for
evaluation of cancer risk sponsored by monbusho (JACC study).
J Epidemiol 2001;11:144-50.

Tamakoshi A, Yoshimura T, Inaba Y et al. Profile of the JACC study.
J Epidemiol 2005;15 Suppl 1:54-8.

Iwai N, Hisamichi S, Hayakawa N, et al. Validity and reliability of single-
item questions about physical activity. ] Epidemiol 2001;11:211-8.
Iwai N, Yoshiike N, Saitoh S, Nose T, Kushiro T, Tanaka H; Japan
Lifestyle Monitoring Study Group. Leisure-time physical activity and
related lifestyle characteristics among middle-aged Japanese.
J Epidemiol 2000;10:226~33.

Parkin D, Whelan S, Ferlay ], Teppo L, Thomas D. Cancer incidence
in five continents. Lyon: France: IARC Press; 2002.

Ueji M, Ueno E, Osei-Hyiaman D, Takahashi H, Kano K. Physical
activity and the risk of breast cancer: a case-control study of Japanese
women. ] Epidemiol 1998;8:116-22.

Hu YH, Nagata C, Shimizu H, Kaneda N, Kashiki Y. Association of
body mass index, physical activity, and reproductive histories with
breast cancer: a case-control study in Gifu, Japan. Breast Cancer Res
Treat 1997,43:65-72.

Hirose K, Hamajima N, Takezaki T, Miura S, Tajima K. Physical
exercise reduces risk of breast cancer in Japanese women. Cancer Sci
2003;94:193-~9.

Ainsworth BE, Sternfeld B, Slattery ML, Daguise V, Zahm SH.
Physical activity and breast cancer: evaluation of physical activity
assessment methods. Cancer 1998;83:611-20.

Cancer Epidemiol Biomarkers Prev 2008;17(12). December 2008

-441-

3401



Effect of physical activity on breast cancer risk: findings of the Japan collaborative cohort study

Suzuki S, Kojima M, Tokudome S, Mori M, Sakauchi F, Fujino Y, Wakai K, Lin Y, Kikuchi S, Tamakoshi

] K, Yatsuya H, Tamakoshi A
ML Cancer Epidemiol Biomakers Prev
£-5-FE 1702 3396-3401
H1TH  |2008
PubMed')> % http://www.nobinim.nih.gov/pubmed/19029398
ek By o | BN |BIROEE | MR
| N® | hERE | =a (. ) SO
HROWR | 5 | ZiE L ) G ) . )
| _FE | 5761018 (o ) FIASHIR
R 1000014 £ ( ) ( )
REOHE S ( )
F W T L 7L BT =L [ ) ( )
FIoMAL :
Mrr-oE L 7L T L m L [( ) ( )
Table 2. HR of breast cancer associated with physical activity in the JACC study
Physical activity Cases Ferson-yoass Age adjusted Muttivariate®
HR (5% €0 HR ©@5%
T;rg:;gﬁrf walking per day & 98,752 1.00 Refersnes 100 {Reference)
3057 min 5 71 éll 114 {071 ~ 184 133 (.50 ~ 151}
21h 23 171,892 270 Q5L - 057} 473 (’3 53 ~ 141}
QB2 Q043
iﬂ) iﬁ&:: g per week 161 235829 120 {Reference}
2 31,43 483 (0.5 - 123
17 33,153 835 (.51 -~ 140
I‘ mr trend a3
bty of b cance i Bes estes sl monophcas s, SH oo st o pesimonopasil women, o BOTEmrS: i
Table 4. HR of breast cancer associated with physical activity in the JACC study
FPhysical activity Cases Person-yeats Age adjusted Multivariate®
Time spent walking {h/d}  Time spent exerdsing (h/wk} HR (95% (1) HE (95% T
< <1 93 130279 1.0 (Kdnuncu 100 {Referenoe)
P21 o <1 &% 12555 11860 ?‘ﬁ - 177} 143 {078 - 1893
<1 1 32 3788 ) 1 082 .80 -~ 1,12
=1 =1 14 46,342 145 (9.25
P for interaction 2041
*Adjusted for age, BME aloobel drinking, sge et mensrche, sdueation lesel, parity, age st birth of first ohild, v of exogerous fenmle bormone, family
history of brogst cancer in s firsb-dagree relafive, menopausel status, and menaep | uge for g pranssal worngm,
R 8% 6 [P3398, Table2, P3399, Table4
AHZIL. BADThe Japan Collaborative Cohort (JACC) StudylZS L 1= 1430,1578 &R KR
EI124FFHDBWMAETZTITV., FEREBEANAREYRVDOBEEELREILI-LOTHS, B
HICE-> T 1 HEYSTICEOTRRE, BA-YDEEEEREE S0 H1TEME. 305/
B2, 30-5957/H. 6043/ H UL L DIFIZ, BEIEMEFMZ. (REALTL, 1-285[/:8, 3FfE/
wm = B EDIF AT, AADAREVRVICE T HHITHEAOERICIZURIEMER N ALN
(800FFET) (=t DD, BRGEEALNEMN o=, RRISEHRERHIC DV TEERLGEIHONEMof=,
RIZ, STHMEESREDESHRERET T 5702, SHITHR 1R/ B KRG DESBFR 1
HE/EREOEEAG LA EH R LB HE, HITRM1EE/ B LLEADES R FE/
B EOEE(HGEH/ERE) TIEFLS AR R D H30.45(95%(Z B X H]:0.25-0.78) EH R
DI BHZENBAL M &L 5T (Pinteraction=0.041),
L BARANDHRFELEIR—MNIENT, EEBHTODEIFRIRECIRHBECBH 5T LA RAE
(200FFT) [VRIZEHEDSEDHIENHALI LG0T,
SREHREDREICHVLONIMAEDIDTHS, BEAEHRIC, MOKREITHLNA D RAE
TEZ—F EERFEBENBEEERHLTHEY., FRICEEGMETHL SITHMEEHRERHMESAH
Er et [RISEAAREEOBEERF BRI, BERBO SN TOELA, MAKIRET 0L
oreay [CHTEMARCGEIEEIEL T DT ETANADURIN TR EMNTENTc, SHEIEH B

giﬂtd)@ﬁ:‘h fthd HHATEEID F)‘fﬁ/&:@&'ii@(:’)l,\'cﬁﬁﬂiI:@Eﬁéhéhkﬁ\ﬁﬁf#éh

BaE ARGEF-HLEE - FhiE

-442-



Research paper 403

Time spent walking and risk of colorectal cancer in Japan:

The Miyagi Cohort Study

Hideko Takahashi?, Shinichi Kuriyama?, Yoshitaka Tsubono®, Naoki Nakaya',
Kazuki Fujita®, Yoshikazu Nishino® Daisuke Shibuya® and Ichiro Tsu;i®

Higher levels of physical activity have been consistently
associated with a lower risk of colon cancer in earlier
epidemiological studies. The specific benefits of walking,
however, remain relatively unexplored. In 1990, 20519 men
and 21 469 women in Japan completed a self-administered
questionnaire including a question on time spent walking
per day. During 7 years of follow-up, 260 cases of
colorectal cancer were documented in 305790 person-
years. We used the Cox proportional hazards regression
model to estimate the relative risk of incident cancer
(colorectal, colon, and rectal) according to three levels of
walking. Time spent walking was inversely associated with
risk of colorectal cancer incidence in men. Compared with
men who walked 0.5 h or less per day, the multivariate
relative risks were 1.06 (95% confidence interval 0.72~1.57)
for men who walked between 0.5 and 1 h per day, and 0.57
(95% confidence interval 0.38-0.83) for men who walked
1 h or more per day (P for trend=0.003). Time spent
walking per day was associated with a lower risk of colon
cancer in Japanese men but not in women, and there was

Introduction

Colorectal cancer is one of the most common cancers
in western people (Parkin er &/, 2002). In Japan, the
incidence rate has increased in recent years (Parkin e# a/.,
2002), following Japan’s westernization over the past
few decades. The comprehensive review issued by the
World Cancer Research Fund/American Institute of
Cancer Research in 1997 noted a close link between
physical activity and the risk of colorectal cancer (World
Cancer Research Fund/American Institute for Cancer
Research, 1997). The review convincingly stated that
physical activity would afford substantial protective
effects against colon cancer. The reviewers also noted
that the relationship between physical activity and rectal
cancer was unclear. Previous studies of colon cancer have
focused primarily on occupational and leisure physical
activities (Thune and Furberg, 2001; Parkin ez @/, 2002;
Slattery ¢ al., 2003), and there have been no reports on
the effectiveness of usual daily activities.

Walking is one of the most common forms of moderate-
intensity physical activity among middle-aged and older
people (US Department of Health and Human Services,
1996). In contrast to earlier guidelines that recommended
vigorous exercise to reduce the risk of cardiovascular
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no association between time spent walking and the risk of
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disease (American College of Sports Medicine, 1986), a
recent prospective study demonstrated that daily walk-
ing, as well as vigorous exercise, substantially reduced the
incidence of cardiovascular events (Manson et 4/, 2002).
Furthermore, prospective cohort studies of the effect of
walking found that daily walking improved all cause
mortality rates (Hakim ez 2/, 1998; Fujita e a/., 2004), and
lowered the incidence of coronary heart disease (Manson
et al., 1999), stroke (Hu e a/., 2000), type 2 diabetes (Hu
et al., 1999), hypertension (Hayashi ez 2/., 1999), dementia
(Abbott ¢z @/, 2004) and cognitive malfunctions (Weuve
et al., 2004). Although many studies have shown that
vigorous exercise improved the incidence rate of colo-
rectal cancer, to our knowledge, only two studies have
prospectively explored the effects of walking alone for
colorectal cancer. These studies failed to demonstrate any
benefit of walking on the risk of colorectal cancer
(Wannamethee ez /., 2001; Chao e a/., 2004).

The purpose of the present paper was to investigate the
association between the amount of time spent walking
each day and the risk of colorectal cancer, using a
validated, single-item, self-administered questionnaire
on walking (Tsubono er 4/, 2002) in a large, Japanese,
population-based, prospective cohort study.
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Methods

Study cohort

We have reported the design of this prospective cohort
study in detail elsewhere (Fukao e @/, 1995; Nakaya ez a/.,
2005). Briefly, from June to August 1990, we delivered a
self-administered questionnaire on various health habits
to 51921 study participants (25279 men and 26642
women) who were aged 40-64 years and lived in 14
municipalities in Miyagi Prefecture in northern Japan.
The questionnaires were delivered to and collected
from the participants’ residences by members of health
promotion committees appointed by the municipal
governments. Usable questionnaires were returned by
47605 persons (22 836 men and 24 769 women), yielding
a response rate of 91.7%.

The study protocol was approved by the Institutional
Review Board of Tohoku University Graduate School of
Medicine. We considered the return of self-administered
questionnaires signed by the participants to imply their
consent to participate in the study.

Exposure data

For the assessment of time spent walking, the ques-
tionnaire asked ‘How long do you walk each day on
average for the recent 1 year?” and the participants were
asked to choose one of the three options: 0.5 h or less per
day, between 0.5 and 1 h per day and 1h or more per day.

We conducted a validation study for the questionnaire
assessment of time spent walking (Tsubono ez 4/., 2002),
in which 106 participants (51 men and 55 women, mean
age 61.7 years) in the study distinct completed the
questionnaire five times at 3-month intervals. Along with
the first through the fourth questionnaire surveys,
pedometer measurements were conducted for 3 con-
secutive days (a total of 12 days). The sex and age-
adjusted mean daily numbers of walking steps counted by
the pedometer were 5857, 7047 and 7621 for the three
categories of walking questions in the fifth questionnaire,
and there were significant linear associations with all of
the five questionnaire measurements.

Follow-up

We used population registries in the 14 municipalities to
ascertain the vital and residential status of the participants
from 1 June 1990 to 31 December 1997. We identified
incident cases of colorectal cancer by computerized record
linkage with the Miyagi Prefectural Cancer Registry, which
covers the study area (Takano and Okuno, 1997).

Of the 47605 participants who responded to the
questionnaire, we excluded those who had incomplete
responses in walking information (7 =4507). We also
excluded 1110 participants who had prevalent cancer
ascertained either by self-reports in the questionnaire
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or by records of the cancer registry. Consequently,
41988 participants (20519 men and 21469 women) with
260 incident cases of colorectal cancer were included in
this analysis. Among men, 166 colorectal cancer cases were
diagnosed, and there were 94 cases diagnosed in women.

We counted person-years of follow-up for each participant
from 1 June 1990, until the date of diagnosis of cancer,
date of emigration outside the study districts, date of
death or the end of the study period (31 December
1997), whichever occurred first. A total of 308425 person-
years resulted. We discontinued follow-up of participants
who emigrated from the study municipalities because of
logistical limitations; hence, 1481 participants (3.5% of
the analytic cohort) were lost to follow-up during the
study period.

Statistical analysis

We used Cox proportional-hazards regression model to
estimate relative risk of cancer incidence according to
categories of time spent walking per day and to adjust for
potentially confounding variables, using SAS version
8.2 statistical software package (SAS Inc., Cary, North
Carolina, USA).

We considered the following variables as potential
confounders: age in years; alcohol consumption (never
drank alcohol, drank in the past, currently drinking);
cigarette smoking (never smoked, smoked in the past,
currently smoking 1-19 cigarettes per day, or currently
smoking 20 or more cigarettes per day); body mass index
in kg/m* (18.4 or lower, 18.5-24.9 or 25.0 or higher);
family history of colorectal cancer (presence or absence);
education (in school until age 15 years or younger, or age
16 years or older); sports or exercise (almost never,
between 1 and 2 h/week, between 3 and 4 h/week, and 5h
or more per week) and consumption frequencies of
meats, green or yellow vegetables and oranges (almost
daily, 3 to 4 times per week, 1 to 2 times per week, or 1 to
2 times per month or less often). For women, we also
included menopausal status (before menopause, after
menopause).

We repeated all analyses after excluding colorectal cancer
cases diagnosed during the first two years of follow-up.
We also conducted stratified analyses to examine whether
the association between the risk of colorectal cancer
incidence and time spent walking per day was modified
by these variables. P values for testing statistical
significance of linear trends were calculated by treating
the categories of time spent walking as continuous
variables. All P values were two-tailed.

Results
Table 1 outlines the characteristics of the study partici-
pants by levels of time spent walking per day. Among men,



30.9% reported that they walked 0.5h or less per day (the
lowest category), 23.6% reported that they walked between
0.5 and 1h per day (the middle category), and 45.5%
reported that they walked 1 h or more per day (the highest
category). Corresponding proportions among women were
29.6, 24.8 and 45.6%, respectively. Men who walked 1h or
more per day tended to be older, less obese, have less
education and consume green or yellow vegetables and
fruits more frequently than those who walked 0.5h or less
per day. Women who walked 1 h or more per day were older,
less likely to drink alcohol and tended to consume green or
yellow vegetables more frequently than those who walked
0.5h or less per day.

Table 2 presents relative risk of colorectal cancer
according to categories of time spent walking per day

Table 1

Time spent walking and colorectal cancer Takahashi et al. 405

for men and women separately. The relationship between
risk of colorectal cancer incidence and categories of time
spent walking was remarkable only for men. Among men,
age-adjusted analysis showed a significant inverse rela-
tionship between time spent walking per day and risk of
colorectal cancer incidence (P for trend = 0.004). The
risk of colorectal cancer incidence among the highest
category was 39% lower than in the lowest category.
These results remained basically unchanged after multi-
variate adjustment and after exclusion of cancer cases
diagnosed within the first 2 years of follow-up (P for
trend = 0.005). The inverse association with time spent
walking was limited to colon cancer. In women, there was
no association between time spent walking per day and
risk of colorectal, colon, or rectal cancer incidence. These
results remained basically unchanged after the stratified

Baseline characteristics of study participants by time spent walking per day s

Men

Women

Time spent walking per day (h)

Time spent walking per day (h)

Characteristics <05 0.5-1.0 1.0< <05 0.5-1.0 1.0<
No. of participants 6348 4845 9326 6354 5317 9798
Mean age, years (SD) 50.2 (7.6) 51.3 (7.7) 52.4 (7.5) 50.5 (7.6) 52.2 (7.8) 52.7 (7.2)
Smoking (%)

Never 17.9 18.6 19.2 876 89.8 89.3

Past 20.0 222 18.6 2.3 1.8 2.0

Current (1-19 cigarettes 138 15.0 16.2 6.2 5.5 5.9

per day)

Current (20 < cigarettes 48.3 44.2 470 3.9 2.9 2.8

per day)
Alcohol drinking (%)

Never 16.6 14.4 15.8 69.6 72.2 73.4

Past 7.7 71 7.0 4.6 3.9 3.8

Current 75.7 78.5 77.2 25.8 23.9 22.8
Body mass index in kg/m? (%)

<185 2.2 1.9 2.0 3.0 2.4 2.6

18.5-24.9 67.8 69.5 72.5 65.9 65.3 66.9

25.0 < 30.0 285 255 31.2 32.3 30.5
Family history of colorectal cancer

Yes 1.6 1.8 1.2 1.9 1.7 14
Education (%)

<15 35.4 34.4 46.1 36.9 370 415

16 < 64.6 65.6 53.9 63.1 63.0 58.5
Beef consumption (%)

< 1-2 times per month 83.3 83.1 84.9 87.1 87.6 88.7

1-2 times per week 14.1 14.5 121 10.8 105 9.4

3-4 times per week 2.1 1.9 2.3 1.6 1.8 1.3

Almost every day 0.5 05 0.7 0.5 0.6 0.6
Green vegetables consumption (%)

< 1-2 times per month 179 141 135 9.8 7.1 8.5

1-2 times per week 38.0 36.2 32.6 32.6 29.8 271

3-4 times per week 28.0 30.3 30.9 34.9 36.8 35.0

Almost every day 16.1 19.4 23.0 22.7 26.3 29.4
Carrot or pumpkin consumption (%)

< 1-2 times per month 31.3 271 26.4 14.3 10.7 11.2

1-2 times per week 39.5 40.0 38.1 36.3 338 32.0

3-4 times per week 21.6 23.9 24.8 33.0 371 35.2

Almost every day 7.6 9.0 10.7 16.4 18.3 21.6
Orange consumption (%)

< 1-2 times per month 31.9 274 28.7 16.0 13.6 16.5

1-2 times per week 31.4 323 27.6 21.0 21.3 20.5

3-4 times per week 21.0 24.0 24.0 275 278 26.5

Almost every day 15.7 16.3 19.7 35.5 374 36.5
Exercise (%)

Almost never 79.4 61.8 731 86.1 72.4 76.5

1-2 h/week 15.2 225 13.7 10.9 18.3 13.2

3-4 hiweek 3.6 10.2 5.2 2.3 6.2 4.8

< 5 h/week 1.8 5.5 8.0 0.7 3.1 55
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