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Incidence rates of prostate cancer are highest in US men but
lowest among men in Shanghai, China.1 Such variation suggests
that cultural, lifestyle, genetic, or environmental differences
contribute to prostate cancer incidence. While the introduction
and utilization of screening2 accounts for some of the incidence
rate among US men,3 the small absolute but large relative
increase in incidence in Shanghai since 19724 cannot be
attributed entirely to screening because regular screening is
uncommon there. The recent rise in incidence rate in Shanghai
indicates a changing prevalence of causal or contributing factors
in this low-risk population.

Few causal factors for prostate cancer have been identified,5

but physical activity has been associated with a reduced risk.6

Some7–14 but not all15–17 epidemiological investigations found
decreased risks of prostate cancer among physically active men,

while a few studies noted increased risks in men with higher
activity levels.18–20 Methodological variation in these studies,
which have used recreational activities, occupational activities,
participation in athletics, energy expended, heart rate, and daily
activity such as stair climbing to estimate physical activity, may
account for some of the diverse findings. The best way to
characterize activity is not known, and no gold standard exists
for measuring physical activity.21 Not only do different popu-
lation groups participate in different activities, but relative levels
of common activities may differ across populations and across
age groups. At present, the type, intensity, and timing of physical
activity that might confer benefit are not known.22

To overcome some of these methodological difficulties, we
conducted a population-based case-control study in China that
used a structured questionnaire to characterize all physical activity
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at three different periods in life. Because neither single activities
nor multiple activities at one point in time can adequately
identify lifetime activity, we queried all daily and occupational
activities during young adulthood, middle adulthood, and later
adulthood.

Materials and Methods
Study subjects

Cases
Details of the study methods are described elsewhere.23 Men
diagnosed with primary incident prostate carcinoma between
1993 and 1995 were identified through a rapid reporting system
established between the Shanghai Cancer Institute and 28 col-
laborating hospitals in urban Shanghai. The institutional review
boards at the National Cancer Institute and each institution in
Shanghai approved this study. Permanent residents in ten urban
districts of Shanghai who did not have a history of cancer were
eligible. Of 268 eligible cases (who represent 95% of all prostate
cancers diagnosed in Shanghai during the study period), 243
(91%) were interviewed. A second case group of 206 men 
with benign prostatic hyperplasia (BPH) who were undergoing
prostatectomy were matched on age and hospital to the men
with prostate cancer.

Pathology review
Pathologists in Shanghai and two pathologists from the Armed
Forces Institute of Pathology (Washington, DC) independently
reviewed biopsy slides from cases and BPH controls to confirm
the original diagnosis and staging. After a consensus review with
all pathologists, five men originally diagnosed as prostate cancer
were considered to have BPH and excluded from the study.

Population controls
In all, 495 population controls were randomly selected from
permanent residents of Shanghai and frequency-matched to the
expected age distribution (in 5-year categories) of the prostate
cancer cases. Information on potential controls was obtained from
the personal identification cards maintained at the Shanghai
Resident Registry, which contains personal registry cards for all
residents 18 years or older in urban Shanghai. A total of 471
eligible identified controls completed the interview (95%), and
313 underwent digital rectal examination (DRE) and prostate
specific antigen testing to identify prostate-related disorders.

Personal interview
Trained Chinese men (primarily retired male health profes-
sionals from Shanghai) personally interviewed participants,
using a structured questionnaire that included demographic and
residential characteristics, dietary history, cigarette use, alcohol
and other beverage consumption, medical history, family history
of cancer, occupation, physical activity, body size, and sexual
behaviour. Men with prostate cancer or BPH were interviewed
in the hospital, while healthy controls were interviewed in their
home. On average, men with prostate cancer were interviewed
less than 20 days after their diagnosis, and men with BPH less
than 34 days after their surgery.

Assessment of physical activity

Occupational physical activity
Usual level of activity at work was ascertained for three differ-
ent time periods: during ages 20–29, during ages 40–49, and in

1988 (median age in 1988 = 67 years) (hereafter referred to as
the three time periods). Men were asked whether their main
physical activity at work was sitting, light labour (standing,
walking about, and light work), or heavy labour (carrying loads
on foot, digging, and intense physical labour). We ascertained
the job titles for men’s occupations during the three time
periods. Job titles were coded according to a modified version of
the Standard Occupational Classification code system that included
typical job titles for Shanghai. Based on a previously developed
job-exposure matrix,12 we assigned an energy expenditure index
of sedentary activity (e.g. office work), moderate activity (e.g.
walking or sweeping), and high activity (e.g. wall painting) based
on occupation codes.24

Hours spent in physical activity
For each of the three time periods, men were asked whether
their usual daily activities were the same all 7 days of the week
or whether their usual activities differed during some days of
the week. Men who did not have the same level of activities 
for all 7 days of the week divided the week into two patterns
based on the number of days with similar levels of activity. For
example, a respondent who was sedentary during the 5-day
working week but highly active during the 2-day weekend was
classified as spending 5 days on pattern 1 and 2 days on pattern
2. All combinations of days spent in each pattern during the
week were allowed. All activity questions were asked twice for
men who had two activity patterns during the week to assess
total physical activity on each pattern; men whose activity did
not change during the week answered only one set of activity
questions.

Men reported the number of hours per day spent in four
activity categories: sleeping, sedentary activities, moderate
activities, and vigorous activities. Sedentary activities included
sitting, having a meal, talking or chatting, office work (typing 
or writing), watching TV or movies, listening to music, reading,
playing board games, and ‘crafts and other sedentary leisure
activities’. Moderate activities included work in a standing
position, tidying up rooms, cooking, shopping, strolling, driving
a car, house cleaning, dancing, climbing stairs, billiards, and
badminton. Vigorous activities included swimming, jogging,
running, ascending heights or climbing slopes, shovelling and
mixing, loading, lifting loads and similar labour, and bicycle
riding. Men with only one pattern of activity reported the num-
ber of hours per day spent in each activity category, and these
totals were multiplied by seven to generate hours spent in each
activity category per week. Men who had two activity patterns
reported the number of hours per day in each activity category
separately for each pattern, which was multiplied by the
number of days in that pattern and summed across both
patterns to generate the number of hours per week in each
activity category. Weekly activity was calculated for each of the
three time periods.

Metabolic equivalents
Metabolic equivalents (MET) represent the number of kilocalories
per hour per kilogram of bodyweight expended in activities.
Sleeping expends one kilocalorie per hour per kilogram of body
weight, and serves as the referent group for other activities. We
assigned MET scores of 1.5, 3.0, and 5.0 for sedentary, moder-
ate, and vigorous activities, respectively, to generate weighted
estimates of time spent each week in activity categories.15 Weekly
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estimates of time spent in activity categories were multiplied 
by MET to generate a measure of weighted hours of physical
activity during the three time periods.

Energy expended
We converted the time spent in each activity category into
weekly energy expended. The number of hours per week in
each activity category (h/week) was multiplied by the MET score
(converted to J/[h][kg]) and by each subject’s self-reported
weight (kg) at that time period to estimate weekly energy
expended (in J/week). Weekly energy expended was calculated
for all moderate and vigorous activities combined, and for all
activities combined (sleeping, sitting, moderate activities, and
vigorous activities) for each of the three time periods. For each
activity category, the distribution of weekly energy expended
among controls was used to generate quartile cutpoints. The
distribution of MET-h per week in activities among controls was
divided into tertiles rather than quartiles because of clustered
observations (i.e. most estimates were multiples of 7) whose
quartile cutpoints yielded uneven numbers of men in each
category.

Statistical analysis

Unconditional logistic regression25 in the SAS statistical
package26 generated odds ratios (OR) and 95% CI to estimate
the risk of prostate cancer or BPH relative to the controls. The
lowest quartile (or tertile) served as the referent group for risk
associated with activity in higher quartiles (or tertiles). Other
continuous and calculated variables were categorized into
quartiles based on the distribution among controls. Final models
included age and education, marital status, average number of
calories consumed per week (in quartiles), body mass index
(BMI, calculated as weight divided by the square of height)
during that time period, and waist-to-hip ratio (WHR, measured
at interview) as potential confounders. We assessed potential
interactions with BMI and WHR through stratification. Tests for
trend were based upon regression models that included activity
as an ordinal variable.

Results
Men with prostate cancer were slightly older than men with
BPH or controls (Table 1). Controls reported less education,
fewer calories consumed on average per day, lower BMI, lower
WHR, and more smoking than men with prostate cancer and
men with BPH.

Most participants who worked indicated that their usual
activity on the job was light or moderate labour (Table 2). The
proportion of men in all three groups that participated in heavy
labour on the job decreased with age. Relative to the few men
whose usual job involved primarily sitting, light or moderate
labour was positively associated for each time period with 
both prostate cancer and BPH. Heavy labour during ages 40–49
and in 1988 was positively associated with prostate cancer,
while heavy labour during ages 20–29 and 40–49 was positively
associated with BPH.

Table 3 shows the energy expenditure indexes for occupational
activity. The assigned energy expenditure indexes based on job
titles generated a much more equal distribution of activity. In
contrast to Table 2, moderate or high energy expenditure on the
job was not associated with prostate cancer for any of the three

time periods. High energy expenditure was negatively asso-
ciated with BPH at ages 40–49 (OR = 0.6, 95% CI : 0.4–0.97)
and in 1988 (OR = 0.6, 95% CI : 0.3–1.2).

There were essentially no case-control differences in the
number of hours per week spent in any of the activity categories
for any of the three periods. One-third of prostate cancer cases
and controls reported the equivalent of 12 hours per day spent
in moderate activity in their 20s, and hours spent sitting or
sleeping gradually increased for both groups after ages 20–29.
Few men reported regular vigorous activities: 66%, 75%, and
95% of both groups reported no vigorous activities in their 
20s, 40s, and in 1988, respectively. Men with BPH reported
similar weekly activity patterns at each period (data not
shown).

Because so few men reported vigorous activity, we collapsed
vigorous and moderate activity for all regression analyses 
(Table 4). Relative to controls, at least 252 MET-h of moderate
or vigorous activity per week during ages 20–29 and ages 40–49
were negatively associated with prostate cancer but not asso-
ciated with BPH. This level of activity per week is equivalent to
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Table 1 Descriptive factors among 238 men with prostate cancer, 
206 men with benign prostatic hyperplasia (BPH), and 470 population
controls

Prostate cancer BPH Controls
% % %

Age (years)

50–69 32 50 28

69–74 24 31 29

74–79 25 13 28

79–94 19 6 16

Education

No formal education 10 8 14

Elementary or middle school 58 52 60

High school or beyond 32 40 26

Marital status

Married 90 98 93

Widowed or never married 10 2 7

Smoking level

Never smoked 42 49 37

<1 pack/day 33 30 31

.1 pack/day 25 21 32

Average daily caloric intake

900–1915 17 15 25

1916–2249 26 28 25

2250–2654 31 29 25

.2655 26 28 25

Body mass index (kg/m2) in 1988

,19.82 22 23 25

19.82–21.80 24 23 25

21.81–24.03 27 21 25

.24.03 26 32 25

Waist-to-hip ratio

0.73–0.86 14 13 24

0.87–0.89 17 26 25

0.90–0.92 31 27 26

0.93–1.12 37 34 25



36 MET-h per day (e.g. 3 hours of vigorous activity and 7 hours
of moderate activity). All study participants spent less time in
moderate and vigorous activities in 1988 than at younger ages;
the highest tertile of 147 MET-h per week translates to 21 
MET-h per day (e.g. 7 hours of moderate activity). MET-hours
of moderate or vigorous activity in 1988 were not associated
with either prostate cancer or BPH.

There were no linear or consistent associations between
prostate cancer and energy expended in all activities or in
moderate or vigorous activities (Table 5). None of the tests for
trend indicated a linear association between increasing activity
and prostate cancer. When compared again to the same control
population (and therefore the same quartiles of energy expended

per week), there was a weak and statistically non-significant
association between BPH and increasing energy expended in
ages 20–29. Associations between BPH and energy expended
during ages 40–49 or in 1988 were close to the null.

We evaluated age as a potential effect modifier by stratifying
the analyses using the mean age of 74. None of the associations
between prostate cancer or BPH and increasing activity levels
was changed (data not shown). Stratification according to stage
of disease at diagnosis (local versus distant) yielded similar
results for activity in ages 20–29 and 40–49 (data not shown).
Increasing energy expended in moderate or vigorous activ-
ities or in all activities in 1988 was positively associated with
local prostate cancer but not associated with distant prostate
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Table 2 Odds ratios (ORa) and 95% CI for prostate cancer or benign prostatic hyperplasia (BPH) and usual occupational activity at ages 20–29,
40–49, and in 1988 in Shanghai, China

Controls Prostate cancer BPH

Usual activity at work N N OR (95% CI) N OR (95% CI)

Ages 20–29

Sitting 35 8 1.00 (ref.) 9 1.0 (ref.)

Light or moderate labour 337 172 2.2 (0.9–5.4) 153 2.1 (0.9–4.9)

Heavy labour 99 58 2.9 (1.1–7.5) 44 2.9 (1.1–7.3)

Ages 40–49

Sitting 42 11 1.0 (ref.) 11 1.0 (ref.)

Light or moderate labour 352 188 2.7 (1.3–5.6) 170 2.4 (1.1–5.0)

Heavy labour 71 39 2.9 (1.3–6.8) 25 2.3 (0.9–5.5)

In 1988

Sitting 37 14 1.0 (ref.) 5 1.0 (ref.)

Light or moderate labour 423 214 1.7 (0.8–3.4) 198 4.3 (1.7–10.9)

Heavy labour 10 9 3.2 [1.0–10.4] 2 1.3 [0.2–7.6]

a Adjusted for age, marital status, education, body mass index in that time period, caloric intake, and waist-to-hip ratio.

Table 3 Odds ratios (OR) and 95% CI for prostate cancer or benign prostatic hyperplasia (BPH) and energy expenditure index based on
occupation code at ages 20–29, 40–49, and in 1988

Controls Prostate cancer BPH

Energy expenditure % % ORa ORb 95% CI % ORa ORb 95% CI

Ages 20–29

Sedentary 28 29 1.0 1.0 ref. 27 1.0 1.0 ref.

Moderate 38 34 0.9 0.9 0.6–1.4 39 0.9 1.0 0.6–1.6

High 35 37 1.0 1.1 0.7–1.7 34 0.9 1.1 0.7–1.8

P (trend): 0.58 0.65

Ages 40–49

Sedentary 29 29 1.0 1.0 ref. 41 1.0 1.0 ref.

Moderate 34 35 1.1 1.3 0.8–1.9 34 0.7 0.8 0.5–1.3

High 37 36 1.0 1.3 0.8–1.9 25 0.5 0.6 0.4–0.97

P (trend) 0.32 0.04

In 1988

Sedentary 11 15 1.0 1.0 ref. 19 1.0 1.0 ref.

Moderate 78 73 0.7 0.8 0.5–1.3 72 0.8 0.9 0.6–1.5

High 11 12 0.8 0.9 0.5–1.8 9 0.5 0.6 0.3–1.2

P (trend) 0.72 0.15

a Adjusted for age only.
b Adjusted for age, marital status, education, body mass index in that time period, caloric intake, and waist-to-hip ratio.



cancer. Removal of BMI or WHR as adjustment variables
generated similar results, and activity associations were similar
when stratified by median BMI or WHR (data not shown).

Discussion
Prostate cancer was not consistently associated with lifetime
physical activity in this population-based study. Hours spent in
physical activities, weighted hours per week spent in activities
of different intensity or in all activities, and energy expended in
physical activities during three different time periods were not
associated with prostate cancer. When we compared a second
group of men with BPH to the same population controls, similar
null associations appeared.

Our two measures of physical activity at work generated
conflicting results. Although increasingly non-sedentary occu-
pational activity during the three time periods was positively
associated with prostate cancer and BPH, we found no other

associations between energy expended at work and prostate
cancer or BPH for any of the three time periods. This suggests
that the associations for the qualitative ‘heavy labour’ reflect
some degree of inaccuracy in self-reported occupational activity.
The small numbers of men who reported jobs that involved
primarily ‘sitting’ may have generated spurious positive asso-
ciations with the qualitative usual occupational activity measure.
These few positive results warrant cautious interpretation because
we noted substantial diversity in energy expended in those jobs
when self-reported job titles were converted to a quantitative
energy index based on job codes. The index of energy expenditure
based on their reported job titles showed no associations. Previous
studies in Turkey12 and China24 used this energy expenditure
index to identify increased risks of multiple cancer sites among
men and women with sedentary jobs, and thus our null results
should not be due entirely to non-differential misclassification
or an inability of the measurement tool to identify elevated or
decreased risks. However, occupational activity may have limited
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Table 4 Odds ratios (ORa) and 95% CI for tertiles of weighted hours (MET-h) per week spent in moderate or vigorous activity and in all activity
during ages 20–29, during ages 40–49, and in 1988

Prostate cancer BPH

Controls N OR [95% CI] N OR [95% CI]

Moderate or vigorous activity

Ages 20–29

,210 124 58 1.0 (ref.) 49 1.0 (ref.)

210–251 61 34 1.3 (0.8–2.4) 16 0.8 (0.4–1.6)

>252 286 146 1.1 (0.8–1.7) 141 1.6 (1.1–2.5)

P (trend) = 0.67 = 0.01

Ages 40–49

,169 190 82 1.0 (ref.) 78 1.0 (ref.)

169–252 200 118 1.4 (1.0–2.1) 96 1.2 (0.8–1.7)

.252 75 38 1.2 (0.7–2.0) 32 1.4 (0.8–2.4)

P (trend) = 0.22 = 0.21

In 1988

,63 149 66 1.0 (ref.) 48 1.0 (ref.)

63–146 165 78 1.2 (0.8–1.8) 65 1.2 (0.7–1.9)

>147 156 94 1.4 (0.9–2.1) 93 1.1 (0.7–1.8)

P (trend) = 0.17 = 0.69

All activity

Ages 20–29

,329 123 55 1.0 (ref.) 1.0 (ref.)

329–360.5 189 110 1.4 (0.9–2.1) 1.2 (0.8–2.0)

>360.5 159 73 1.1 (0.7–1.8) 1.9 (1.2–3.1)

P (trend) = 0.76 = 0.01

Ages 40–49

,309 183 79 1.0 (ref.) 1.0 (ref.)

309–350 166 102 1.5 (1.0–2.1) 1.1 (0.7–1.6)

.350 116 57 1.2 (0.8–1.9) 1.3 (0.8–2.2)

P (trend) = 0.24 = 0.27

In 1988

,255.5 152 67 1.0 (ref.) 1.0 (ref.)

255.5–297.5 161 76 1.2 (0.8–1.8) 1.2 (0.7–1.9)

>297.5 157 95 1.4 (0.9–2.1) 1.1 (0.7–1.8)

P (trend) = 0.17 = 0.66

a Adjusted for age, marital status, education, body mass index in that time period, caloric intake, and waist-to-hip ratio.



impact on overall activity for men in China because daily
activity levels are generally thought to be higher in China than
in Western countries.

Studies that use only job titles, leisure time activity, or specific
daily activities such as stair climbing to estimate activity suffer
from misclassification because those activities change over time
and other relevant activities may be missed.21 When using activity
categories, failure to incorporate all activities or the different
intensity of certain activities will increase between-category mis-
classification. We asked about all activities during the day and

allowed respondents to report different patterns of activity during
a usual week. To explore whether activity early in life or later in
life has different effects on prostate cancer risk, we collected in-
formation on all regular activity for three different time periods:
young, middle, and later adulthood. Such measurement of
activity at multiple time points should increase the precision of
the activity measure.21 Because body size and activity intensity
influence the amount of energy required for activities, we con-
verted time spent in activities to commonly-used MET and energy
expended in the different activities. While these calculated
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Table 5 Odds ratios (ORa) for total energy expended and energy expended in moderate or vigorous activities

Energy expended Controls Cancer BPHb

Joules/week N N OR (95% CI) N OR (95% CI)

Ages 20–29

Total

,18 200 116 65 1.0 (ref.) 46 1.0 (ref.)

18 200–20 212.5 118 52 0.6 (0.3–1.0) 45 0.8 (0.5–1.4)

20 212.5–23 407 117 58 0.7 (0.4–1.1) 59 1.2 (0.7–2.1)

>23 408 118 63 0.8 (0.5–1.4) 56 1.5 (0.8–2.7)

P (trend) = 0.75 = 0.09

Moderate/vigorous

,11 165 117 65 1.0 (ref.) 44 1.0 (ref.)

11 165–13 859 95 43 0.8 (0.5–1.4) 41 1.2 (0.7–2.1)

13 860–16 799 130 71 0.9 (0.6–1.4) 63 1.5 (0.9–2.5)

>16 800 127 59 0.9 (0.5–1.4) 58 1.7 (1.0–3.0)

P (trend) = 0.59 = 0.04

Ages 40–49

Total

,18 480 113 53 1.0 (ref.) 41 1.0 (ref.)

18 480–20 159 117 53 0.7 (0.4–1.3) 43 0.8 (0.4–1.4)

20 160–23 099 111 60 1.0 (0.5–1.7) 59 0.9 (0.5–1.8)

.23 100 122 72 1.0 (0.5–1.8) 63 1.0 (0.5–2.0)

P (trend) = 0.65 = 0.69

Moderate/vigorous

,10 080 86 37 1.0 (ref.) 32 1.0 (ref.)

10 080–13 103 141 70 0.9 (0.5–1.5) 53 0.6 (0.3–1.1)

13 104–16 379 119 62 1.0 (0.6–1.8) 61 1.0 (0.5–1.8)

>16 380 117 69 1.1 (0.6–2.0) 60 0.9 (0.5–1.8)

P (trend) = 0.48 = 0.34

In 1988

Total

,14 700 110 50 1.0 (ref.) 32 1.0 (ref.)

14 700–16 939 119 60 1.0 (0.6–1.7) 53 1.3 (0.7–2.4)

16 940–19 844 122 59 1.0 (0.6–1.8) 51 0.9 (0.4–1.6)

>19 845 118 69 1.0 (0.5–1.9) 69 0.9 (0.4–1.8)

P (trend) = 0.97 = 0.35

Moderate/vigorous

,2939 114 50 1.0 (ref.) 40 1.0 (ref.)

2940–5711 119 62 1.3 (0.8–2.1) 51 1.2 (0.7–2.0)

5712–10 079 105 56 1.4 (0.9–2.3) 34 0.7 (0.4–1.3)

>10 080 131 70 1.1 (0.6–1.9) 80 0.9 (0.5–1.5)

P (trend) = 0.71 = 0.40

a Adjusted for age, marital status, education, body mass index in that time period, caloric intake, and waist-to-hip ratio.
b Benign prostatic hyperplasia.



measures may introduce some additional within-category
misclassification or add unwarranted precision to inter-person
differences, we believe that this approach improves the study’s
internal validity.

Other studies that employed MET-h or energy expended have
produced conflicting results. A case-control study that used the
same questionnaire as ours found no reduced risk associated
with activity at work or with energy expended in youth, during
middle-age, or later in life.15 A large prospective cohort of US
white male professionals reported a statistically significant risk
reduction for older men with metastatic prostate cancers in 
the highest quintile of vigorous leisure-time activity per week.7

Higher levels of energy expended in recreational activity had no
impact on prostate cancer risk in a prospective study of US white
male college alumni.17 A cohort of Japanese men in Hawaii
showed no reduction in risk with higher activity levels using
weighted hours, but there was a suggestive decreased risk for
men who reported that most of their leisure time at home was
spent in moderate or heavy activity.16

Because our participants reported all of their regular weekly
activities, their MET-h in activity and energy expended exceeded
those reported by participants in other recent studies that
evaluated leisure time activity7 or occupational activity8 only.
Direct comparison of MET-h or energy expended to those
studies is somewhat difficult because our categories included
both leisure-time and occupational activity (e.g. moderate
activities included dancing, badminton, and work in a standing
position). The MET-h of activity among these Chinese men are
similar to those reported for Japanese men living in Hawaii16

and slightly greater than those reported for Chinese-American
and Chinese-Canadian men.15 Both of those studies assessed all
activities but found no consistent association with prostate cancer.

Studies that did not use MET-h or energy expended found
increased risks associated with more frequent leisure-time
activity,18 more time in sedentary jobs,20 and higher levels of
usual physical activity,19 but their focus on specific yet diverse
activities hinders their generalizability. Turkish men with
higher levels of occupational physical activity were at reduced
prostate cancer risk, but that protective effect disappeared after
adjustment for socioeconomic markers.12 Moderate or heavy
occupational activity and increased walking during leisure
activities decreased risk of prostate cancer among Finnish 
men,8 and a Norwegian report identified lower prostate cancer
risk among men over 60 years old who were active compared 
to sedentary men.11 An early report13 from a cohort study 
in which activity did not increase risk17 noted essentially no
reduction in risk with higher energy expended while walking,
climbing stairs, or in recreational activities; a significantly
reduced risk among highly active men was based on one
exposed case. Lower levels of occupational physical activity
have been previously associated with increased risks among
men in Shanghai.10

One potential limitation of our analysis was the homogeneity
of reported activity among men in China. Most participants held
jobs that involved primarily light or moderate labour and would
have held the same job throughout their adult life—job motility
remains low in Shanghai. Change, when it occurred, brought
reduced occupational activity: whereas 241 subjects reported
heavy labour in their 20s, only 21 reported heavy labour in
1988. Regular recreational physical activity and exercise were

uncommon before the mid-1980s in urban Shanghai,10 but we
nonetheless observed a dramatic decrease in reported activity
among all three groups for year 1988 compared to the earlier
time periods. Men with less education reported a slightly greater
decline in activity, which may signal higher occupational activity
levels during their working years. Whether the overall decline
reflects overreporting at younger ages, underreporting at older
ages, or simply the natural reduction in activity as men age is
unknown.

Despite the similar activity levels in these men, we did see ex-
pected associations between physical activity and other lifestyle
factors. For each of the three time periods and for the summary
measures, higher levels of energy expended in moderate or
vigorous activities were associated with more education, higher
caloric intake, and higher BMI.

This study had several strengths. As a population-based study
from a region in which cancer reporting and case ascertainment
are nearly 100% complete,27 the case sample adequately repre-
sented all incident cases in Shanghai during the study period.
Selection of men with BPH from the same hospitals and of popu-
lation controls from the same area served to mitigate selection
bias. Completion of a DRE by two-thirds of the controls
decreased the probability that undetected prostate cancer biased
the risk estimates towards the null.28 Such a bias would remain
uncorrected, however, if refusal to participate in the DRE 
was associated with undetected prostate cancer; data were not
available to evaluate that possibility.

Detection bias due to screening was minimal because routine
screening for prostate cancer is relatively uncommon in
Shanghai. Risk factor information collected near the time of
diagnosis might have been subject to changes brought on by
prostate cancer in the cases. We attempted to control for this 
by asking about usual information in 1988, which would have
been at least 4 and up to 7 years before diagnosis in this popu-
lation. Questionnaires can accurately capture long-term physical
activity,29,30 but recall of activity during ages 20–29 or ages
40–49 may be less accurate. Retrospective studies that attempt
to assess activity that occurred years before interview will not 
be able to directly assess misclassification or inaccurate recall 
of activity, but recent reports31,32 indicate questionnaires can
accurately capture lifetime activity.

Few data exist regarding physical activity and BPH. Two large
prospective US cohorts showed that men who exercised at least
once per week had a lower risk of BPH than men who never or
rarely exercised33 and that increased recreational physical
activities (estimated in MET-h) decreased the risk of BPH in a
dose-dependent manner.34 Neither time spent in nor weighted
hours of activity decreased the risk of BPH in our data, and
energy expended in vigorous activities or in all activities was not
associated with BPH. Potential protective effects with weekly
exercise or recreational activities may not have appeared in our
data if those activities are associated with other factors that
decrease the risk of BPH or if case-control differences in those
specific activities are not present when all weekly activities 
are assessed.

In conclusion, physical activity was not consistently or
significantly associated with prostate cancer or BPH for men in
Shanghai, China. Two previous studies found no association
between physical activity and prostate cancer in Asian men living
in the US, and our results indicate that the same is true for men
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living in China. International variation in prostate cancer
incidence rates implies that potentially modifiable factors that
contribute to those differences exist, but our data do not identify
physical activity as one of those factors for men in Shanghai.
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We investigated the association between physical activity and prostate cancer in a population-based case-control study
from Shanghai, China, where prostate cancer incidence rates are among the lowest in the world. To address the difficult
task of accurately measuring physical activity, we used a questionnaire that asked about activity at young adulthood,
middle adulthood, and later adulthood. We summed all reported activities into measures of weekly time spent in
different activity categories, multiplied by metabolic equivalents (MET), which reflect the intensity of activity, and
multiplied by body weight to generate measures of energy expenditure. Among 238 men with prostate cancer, 206 men
with benign prostatic hyperplasia (BPH), and 471 healthy, matched controls, physical activity at each of the three time
periods consistently showed no association with prostate cancer or BPH. These data suggest that lifetime physical
activity and physical activity at specific time periods have minimal impact on prostate cancer in this low-risk population.
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