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monitoring in 173 men and women ages 40 to 65 years from
Ely, Cambridgeshire (73). In this validation study, the index
was found to be appropriate for ranking participants in large
epidemiologic studies. To make the index more comprehen-
sive, we cross-classified all household and recreational activity
combined with occupational activity. In so doing, more
information on each individual’s actual activity done at
baseline was included into the assessment of overall physical
activity. We compared the results obtained using Wareham'’s
index with those obtained with this new total physical activity
index, and they were very similar.

As a way of indirectly assessing the validity of the total
physical activity index derived by us, we also examined the
means for each category of the index with the ratio of energy
intake and basal metabolic rate adjusted for age, center, and
BMI. The estimates of energy intake were taken from the
dietary data collected in EPIC and the basal metabolic rate was
estimated using prediction equations based on age, sex, height,
and weight (74). We found that for men and women, there was
a positive relationship between energy intake/basal metabolic
rate and total activity, indicating that this index appropriately
ranked the subjects according to their energy intake and
requirements for their activity levels.

Statistical Methods. The analyses were conducted sepa-
rately for colon and rectal cancers and tumor subsite within the
colon because our a priori knowledge was that the association
between physical activity and colon cancer differs according to
site. Analyses were conducted using Cox proportional hazards
regression. Attained age was used as the primary time
variable. The analyses were stratified by center to control for
differences in questionnaire design, follow-up procedures, and
other center effects. Sex was included as a covariate when the
analyses were conducted for the entire study population. In all
models, age was used as the primary time variable, with time
at entry and time when participants were diagnosed with
cancer, died, lost to follow-up, or were censored at the end of
the follow-up period, whichever came first, as the time at entry
and exit, respectively. For descriptive purposes, mean values
were computed after adjustment for age and center.

Physical activity was analyzed using categorical variables.
For recreational and household activity, quartile cut points
based on the cohort population distribution were used. Trend
tests were estimated on scores (1-4) applied to the categories/
quartiles of the physical activity variables and entered as a
continuous term in the regression models. Relative risks
were estimated from the hazard ratio within each category.
Two sets of models are presented for each physical activity
variable considered. The first are stratified for age and center
and adjusted for the other types of physical activity (ie.,
occupational, household, or recreational) and the second are
adjusted for these factors and several other confounders.

A full examination of confounding was undertaken with the
data on physical activity and cancer. Variables that were
considered as potential confounders included the following
dietary variables: total energy intake, intakes of red and
processed meat, fish, fiber, fruits and vegetables, dairy
products, current and lifelong alcohol, dietary calcium, folate,
and the following lifestyle and demographic variables:
education (none, primary school completed, technical /profes-
sional school, secondary school, university degree), marital
status, smoking status (never, former, current, and unknown),
ever use of hormone replacement therapy (for women only),
height, weight, body mass index [BMI; weight (kg)/height
(cm)?], waist and hip circumference, and waist-hip ratio. The
variables that were chosen as confounders either influenced
the goodness-of-fit of the model (as assessed by examining the
log likelihood) or were considered to be biologically relevant
or important to control for in the final multivariate model. The
final models for colon cancer were adjusted for education,

smoking status, current alcohol intake (in grams per day,
categorized into quartiles), height (in centimeters, categorized
into sex- and center-specific tertiles), weight (in kilograms,
categorized into sex- and center-specific tertiles), energy intake
(in kilocalories, categorized into quartiles), and fiber intake
(in grams per day, categorized into quartiles). The final models
for rectal cancer were also adjusted for fish intake (in grams
per day, categorized into quartiles). The confounders that were
retained because they influenced the goodness-of-fit of the
model were education, height, weight, alcohol intake, smok-
ing, and fish intake (rectal cancer models only); energy and
fiber intakes were retained because of their biological
relevance in colorectal cancer etiology.

We also examined the possibility of effect modification by
stratifying the population on BMI (<25, >25-<30, >30) and on
energy intake (in tertiles) and by including an interaction term
in our models. These factors were chosen as they are all
considered independent risk factors for colon cancer and were
considered a priori as effect modifiers of the relation between
physical activity and colon cancer. Finally, we examined the
heterogeneity of the results by country within the EPIC study
by including country as a main effect and including interaction
terms in the Cox models with dummy variables for each
country. All analyses were done using SAS Statistical Software,
version 8 (75); all statistical tests were two sided. To test hazard
ratios for overall significance, P values for Wald x* were
computed with degrees of freedom equal to the number of
categories minus one. ’

Results

We included 413,044 study participants who contributed
2,635,075 person-years for the mean follow-up of 6.38 years
available for this analysis (Table 1). During the follow-up to
2003, there were 1,693 colorectal cancers, of which 1,094 were
colon cancers and 599 rectal cancers. Histologic confirmation
of these cancers was available for 1,376 of the tumors. The
remaining tumors were confirmed with a variety of diagnostic
methods and 22 (1.3%) were self-reported. The mean age at
recruitment into this cohort was 51.9 years and 69.1% of the
participants were female.

The demographic and lifestyle characteristics of the colon
and rectal cancer cases and noncases were compared (Table 2).
The case patients were older than the noncase participants, had
slightly greater BMIs (weight/height®), but had comparable
mean total energy intake (kcal/d) and mean physical activity
levels to the noncases. They also had similar smoking habits,
education, and type of occupational activity. Differences
were found between the cases and noncases in their dietary
intakes, with cases having higher red meat and fish consump-
tion, lower fruit and vegetable intakes, and higher alcohol
intakes, particularly for the rectal cancer cases.

The first set of analyses examined the risk of colon cancer by
type of physical activity. All analyses were initially conducted
for men and women separately because our a priori hypothesis
was that the associations differ by gender. No heterogeneity
between sexes was observed and we present only the results
for the total study population (for colon cancer, P values of the
heterogeneity test for sex differences were 0.92, 0.83, 0.13, and
0.51 for total physical activity index, occupational, household,
and recreational physical activities, respectively; for rectal
cancer, the corresponding P values were 0.40, 0.48, 0.95, and
0.96, respectively).

For total physical activity, a statistically significant trend
of decreasing relative risk estimates with increasing activity
category was observed for colon cancer (Pyena = 0.04) in
multivariate adjusted models (Table 3). Active study partic-
ipants had a hazard ratio of 0.78 [95% confidence interval (95%
CI), 0.59-1.03] as compared with the inactive participants.
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Table 1. Size of the EPIC cohort for the analyses of physical activity and colon and rectal cancers, by country

Country Cohort Age at Years of Person- Female, No.colon No.rectal  %Active* YlInactive*
size recruitment follow-up years % cancer cancer
(mean + SD),y (mean * SD) cases cases M EF M F
France 67,654 52.7 £ 6.6 8.41 + 092 569,258 100 164 21 NA 2.0 NA 15.5
Italy 44,567 505+ 7.9 591 + 154 263,550 68.5 110 44 11.0 91 281 143
Spain 39,992 492 + 8.0 6.68 = 1.05 267,346 62.1 80 41 14.7 58 215 5.8
United Kingdom— 28,211 57.68 £ 9.3 547 + 1.39 154,221 58.4 118 58 149 110 125 105
general population
United Kingdom— 45,880 439 + 144 538 + 1.20 246,960 77.1 62 33 13.3 9.5 18.2 213
health conscious
The Netherlands 32,394 498 = 118 6.09 = 2.03 197,235 76.3 107 52 260 190 125 85
Greece 25,574 53.1 £ 126 371 £ 0.76 94,809 58.6 13 12 98 127 181 55
Germany 49,498 50.6 + 8.6 5.83 + 1.43 288,761 56.4 103 69 124 79 206 206
Sweden 24,267 58.0 £ 7.6 7.61 £ 1.69 184,706 57.8 106 88 4.1 438 21.2 193
Denmark 55,007 56.7 + 4.4 6.69 £ 1.07 368,229 52.2 231 181 183 85 227 265
Total 413,044 51.9 + 10.0 6.38 + 1.78 2,635,075 69.1 1,094 599 13.9 80 204 156

*Excluding all study subjects who had unknown or missing occupational physical activity data.

None of the different types of physical activity considered
here, occupational, household, or recreational activity, inde-
pendently accounted for the inverse association of total
physical activity with colon cancer risk in multivariate models
where each type of physical activity was mutually adjusted by
the others. However, the inverse association seemed somewhat
stronger with recreational activity than with occupational and
household activity. The multivariate risk estimate for the
highest quartile of recreational activity (=42.8 MET-h/wk) was
0.88 (95% CI, 0.74-1.05) when compared with the lowest
quartile (<12 MET-h/wk).

No association between rectal cancer and total physical
activity or any specific type of activity was found (Table 3}.
Active compared with inactive study participants had a

relative risk of 1.02 (95% CI, 0.73-1.44) for total physical
activity and comparable null results were found for occupa-
tional, household, and recreational activity.

We next examined the association by tumor subsite within
the colon (Table 4). The risk reductions seemed to be
restricted to right-sided colon cancers. Participants who were
in the moderately active or active category of physical activity
had an up to 36% decreased relative risk of right-sided colon
cancer compared with inactive subjects, with a statistically
significant linear trend across categories (Pyeng = 0.004).
A 26% relative risk reduction was seen in the highest
compared with lowest quartile of household activity with a
marginal statistically significant trend (Pyenq = 0.05) across
quartiles. Occupational activity was also related to lower risk

Table 2. Demographic and lifestyle characteristics at time of enrollment among participants with incident colon and rectal

cancer and individuals without cancer in EPIC

Characteristic*

Incident colon
cancer cases (1 = 1,094)

Individuals without .
incident colon or rectal
cancer (1 = 411,351)

Incident rectal
cancer cases (n = 599)

Males Females Males Females Males Females
(n = 417) (n = 677) (n =293) (n = 306) (n =127,050) (n =284,301)
Age (mean * SD), y 578 £ 84 57.6 + 8.8 574 + 10.8 56.3 + 10.0 52.6 + 10.1 51.1 + 102
BMI (mean + SD), kg/m2 275 + 5.3 26.6 + 5.5 267 £ 6.3 261 £ 64 264 + 45 257 + 45
Waist hip ratio (mean + SD) 095 + 0.08 0.82 + 0.09 096 + 0.12  0.82 £ 0.11 0.94 + 0.07 0.80 £ 0.11

Dietary intake (mean * SE)
Energy intake, kcal

2,404.8 £ 31.5 2,018.8 + 20.5

2,470.3 + 37.6 1,985.5 + 29.2

2,486.6 £ 1.9 20056 + 1.0

Total red meat, g 65.1 + 2.4 468 + 1.2 700 £ 2.6 49.1 £ 2.0 622 + 0.1 42.1 £ 0.07
Total fish/shellfish, g 416 £ 1.8 332 +£1.1 431 £ 20 313+ 1.6 395 £ 0.1 32.8 £ 0.05
Fruits and vegetables, g 385.6 £ 12.8 478.1 + 10.0 3644 + 134 4396 + 133 4437 £ 09 5058 £ 05
Fiber, g 216 + 04 214 £ 03 212 £ 04 205 + 04 23.6 £ 003 220+ 0.01
Alcohol intake, g 240 + 1.3 10.1 + 0.6 293 + 1.6 9.0 + 0.7 224 + 0.07 8.8 £ 0.02
Smoking status, %
Never smoker 24.5 58.1 232 53.9 30.6 58.2
Ex-smoker 48.2 233 454 21.2 38.1 223
Current smoker 26.6 16.7 31.1 24.5 304 17.9
Education, %
None 46 33 444 1.6 42 47
Primary school completed 34.8 26.7 324 32.7 27.0 21.5
Technical/professional school 22.8 19.5 23.2 27.8 24.3 19.9
Secondary school 13.0 26.0 10.6 17.3 14.7 25.4
University degree 21.6 19.1 26.3 14.1 27.1 23.8
Occupational activity, %
Nonworker 38.1 524 36.9 51.3 23.0 39.1
Sedentary 29.7 18.5 30.7 17.0 36.5 24.8
Standing 15.6 20.2 17.8 18.6 20.2 26.4
Manual/heavy manual 15.1 6.9 13.7 10.1 19.1 7.1
Household activity (mean * SD), MET-h/wk 34.4 + 435 67.3 £ 46.0 36.4 + 52.7 63.2 + 49.1 30.0 = 39.9 67.0 + 40.6
Recreational activity (mean, SD), MET-h/wk 289 £ 295 261 %313 312+ 395 320 + 36.8 30.7 £ 27.3 28.8 £ 27.8

*All mean values were adjusted for age and center.
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Table 3. Physical activity and risk of colon and rectal cancers, by type of activity for total study population

Type of activity Colon cancer, total study population

Rectal cancer, total study population

No. No. Age- and Multivariate Quartile No. No. Age- and Multivariate
cases person- center-stratified  hazard ratjo definitions/  cases person- center-stratified  hazard ratio
years hazard ratio (95% CI) cut points years hazard ratio (95% CI) ¥
(95% CD* (95% CI)*
Total physical activity
Inactive 162 443,155 1.0 1.0 Inactive 91 442,864 1.0 1.0
Moderately inactive 397 942,463 0.91 (0.75-1.10)  0.92 (0.76-1.12) Moderately 192 941,684 1.01 (0.78-1.31) 1.02 (0.78-1.32)
inactive
Moderately active 436 943,626  0.84 (0.69-1.01) 0.86 (0.70-1.04) Moderately 246 944,956 1.00 (0.78-1.29) 1.02 (0.79-1.32)
active
Active 80 239427 0.76 (0.58-1.00) 0.78 (0.59-1.03) Active 58 239,318 1.01 (0.72-1.40) 1.02 (0.73-1.44)
Pirend 0.02 0.04 P rend 0.98 0.91
Occupational activity
Sedentary 249 727,785 1.0 1.0 Sedentary 142 727,363 1.0 1.0
Standing 202 689,087 0.96 (0.80-1.17)  0.98 (0.81-1.19) Standing 109 688,712 1.11 (0.86-1.43) 1.11 (0.85-1.43)
Manual/heavy 110 274,166  0.89 (0.71-1.12) 091 (0.72-1.15) Manual/heavy 71 274,015 097 (0.72-1.29)  0.96 (0.71-1.30)
manual manual
Nonworker 514 879,634 0.90 (0.75-1.08) 0.91 (0.75-1.09) Nonworker 265 878,734 1.15(0.90-1.47) 1.16 (0.90-1.49)
Piend’ 0.29 0.38 Pend’ 0.97 0.82
Household activity (MET-h/wk)
<19.5 289 673,316 1.0 1.0 <195 150 672,766 1.0 1.0
>19.5-<39.6 281 682,023 0.94 (0.80-1.12)  0.95 (0.80-1.12) =>19.5-<39.6 157 681,576  1.02 (0.81-1.28)  1.02 (0.81-1.28)
>39.6-<73.9 272 659,317 0.90 (0.76-1.07)  0.90 (0.76-1.07) >39.6-<73.9 167 658912  1.09 (0.87-1.38)  1.10 (0.87-1.39)
>73.9 252 618,226 092 (0.76-1.13)  0.93 (0.76-1.13) =739 125 617,747 0.97 (0.74-1.26)  0.98 (0.75-1.29)
Pirend 0.34 0.35 Prrend 0.97 0.88
Recreational activity (MET-h/wk)
<12.0 317 675,216 1.0 1.0 <12.8 139 488,157 1.0 1.0
>12.0-<24.8 255 665,716 0.83 (0.70-0.98)  0.85 (0.71-1.00) >12.8-<24.0 144 490,903 1.14 (0.90-1.44) 1.15 (0.90-1.46)
>24.8-<42.8 258 658,547 0.81 (0.68-0.96) 0.83 (0.70-0.98) >24.0-<42.0 158 477,489 1.20 (0.94-1.51) 1.22 (0.96-1.54)
>42.8 264 633,403 0.85(0.71-1.01) 0.88 (0.74-1.05) =>45.8 158 426,419 1.18 (0.92-1.50) 1.21 (0.94-1.54)
P end 0.05 0.13 P irend 0.18 0.12

*Base models are stratified by age and center and mutually adjusted for each type of physical activity (occupational, recreational, and household).

TMultivariate models are stratified by age and center and adjusted for energy (kilocalories per day in quartiles), education (none, primary school, technical/
professional school), smoking (never, former, current, unknown), height (centimeters in tertiles), weight (kilograms in tertiles), and fiber (grams per day in quartiles).
tMultivariate models are stratified by age and center and adjusted for energy (kilocalories per day in quartiles), education (none, primary school, technical/
professional school), smoking (never, former, current, unknown), height (centimeters in tertiles), weight (kilograms in tertiles), fiber (grams per day in quartiles), and

fish intake (grams per day in quartiles).

fTest for trend in occupational activity excluded all study participants categorized as nonworkers, missing, or unknown.

although no clear trends were observed by increasing
intensity level in occupational activity. Recreational activity
was not statistically significantly related to lower risk of
right-sided colon cancer.

We examined the consistency of the results in the
subcohorts participating in EPIC. There was no heterogeneity
of the association of physical activity with colon cancer
across the subcohorts participating in the EPIC study
(P heterogeneity = 0. 92)

en examining effect modifications by BMI, no statistical-
ly significant interaction was observed (Pinteraction = 0.67;
Table 5). Some apparent heterogeneity in the association of
physical activity with colon cancer across categories of BMI
was observed in the participants in the “active’” category of
physical activity. This heterogeneity is probably explained by
random variation due to low number of colon cancer patients
with BMI >30 kg/m? in this category of physical activity.

Because the other major component of energy balance,
besides physical activity, is energy intake, we also investigated
effect modification of physical activity and colon cancer by
energy intake. There was no statistically significant interaction
(Pinteraction = 0.24; Table 5). In analyses stratified by tertiles of
energy intake, the inverse association of physical activity with
risk of colon carncer was statistically significant (Pyenq = 0.003)
across the categories of total activity for participants with
energy intake in the middle tertile (>1,827-<2,351 kcal/d) for
whom a multivariate-adjusted relative risk of 0.59 (95% CI,
0.36-0.97) was found when comparing active with inactive

subjects. A more moderate inverse association was observed
for individuals in the lowest energy tertile. Among the highest
energy intake tertile, there was no association of physical
activity across any category of activity.

Finally, additional effect modification of BMI and energy
intake by tumor subsite was investigated (Table 6). The
interactions for both BMI and energy intake for right-sided
colon cancers were statistically significant (Pinteraction = 0.03
and 0.003, respectively). We found a very strong risk reduction
among moderately active and active normal weight partic-
ipants (BMI <25) with a right-sided colon cancer (0.38; 95% CI,
0.21-0.68) as well as for overweight participants (BMI=>25-<30)
for whom the risk was 0.43 (95% CI, 0.24-0.77) when compared
with the inactive, obese study subjects. Participants with the
lowest daily caloric intake (<1,827 kcal/d) who were most
physically active had a 31% nonstatistically significant de-
creased risk as compared with the inactive, highest energy
intake tertile of participants. There were no clear associations
for any combination of BMI and energy intake and physical
activity for left-sided colon cancers.

Discussion

In this large European prospective study of more than
400,000 participants, we found an inverse association be-
tween physical activity and risk of colon cancer, particularly
for right-sided tumors. None of the different types of
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physical activity considered (occupational, household, and
recreational) independently explained the inverse association,
although the association was most apparent for recreational
activity for all tumors whereas household activity showed the
strongest inverse association for right-sided tumors. A
particularly strong inverse association for physical activity
was observed among lean and active participants and strong
dose-response relations were found in those with lower
energy intake. Physical activity was not related to rectal
cancer in our study.

The strengths and limitations of this study need to be
addressed before discussing the results. First, this large
European prospective study of more than 400,000 participants
provides a heterogeneity of exposures that is unparalleled in
other prospective studies conducted to date. Furthermore, the
availability of exposure data on a wide range of other risk
factors for colon and rectal cancers, as well as of data on tumor
location, has provided a detailed and comprehensive assess-
ment of the role of physical activity in the etiology of colon and
rectal cancers. Moreover, this is the only international cohort
study with such a large number of cases for which the data
could be stratified by BMI and energy intake separately for
tumor subsites.

The main limitation of the study was in the physical
activity assessment method. Although all types of activity
were assessed in this study at the time of recruitment, there
was no information on the duration and frequency of
occupational activity that precluded estimating a sum of all
types of activity in MET-hours per week. An assessment of
the relative validity and reproducibility of the EPIC physical
activity questions was also undertaken (71) and the short
version of the questionnaire, used in EPIC and analyzed here,

was found to be satisfactory for the ranking of subjects.
Short-term reproducibility (i.e., 5 months) for the question-
naire was quite high, ranging from 0.58 to 0.89, whereas
longer-term reproducibility (i.e., 11 months) was between
0.47 and 0.83 for the different measures of physical activity
(71). Correlations for the relative validity ranged from 0.28 to
0.81 for comparisons between the questionnaire and activity
diaries, which are not real gold standards of activity (71).
Hence, the assessment of physical activity used in the EPIC
study had some limitations but these were not sufficiently
serious to preclude the analyses of physical activity and
cancer outcomes.

At Jeast 58 studies have been conducted on colon, rectal, or
colorectal cancer and physical activity (2-59) including 22
prospective studies of incident cancer (3, 5, 8-12, 18, 19, 29,
30, 33, 37, 39, 41, 42, 46, 51, 53, 54, 57, 58) and three
prospective mortality studies (23, 36, 38). A wide range of
methods for defining physical activity has been used in these
studies including the type, dose, and time period for
assessment. When comparing these results with previous
studies, the magnitude of the risk reduction found in the
EPIC cohort is comparable to those found in most of these
studies and, in some subgroups, equaling the largest risk
reductions observed. Overall risk reductions of at least 40% in
men, or men and women, have been found in nearly half of
these studies (27 of 58 studies; refs. 3, 6, 9, 12, 17, 19-24, 27,
31, 32, 34, 35, 37, 44, 45, 47-50, 52, 56, 58, 59) and most
associations do not seem to be confounded by other risk
factors for colon cancer. Ten studies observed no effect of
physical activity on colon or colorectal cancer (2, 5, 8, 25, 29,
39, 41, 46, 53) and no studies found an increased risk of
colon cancer with increased activity levels. Evidence for a

Table 4. Physical activity and risk of right and left colon cancer, total study population

Type of activity Right colon cancer

Left colon cancer

No. No. Age- and Multivariate " Quartile No. No. Age- and Multivariate
cases person- center-siratified  hazard ratio definitions/  cases person- center-stratified  hazard ratio
years hazard ratio (95% CI) cut points years hazard ratio (95% CI)
(95% CIy* (95% CI)*
Total activity
Inactive 76 442,792 1.0 1.0 Inactive 60 442,726 1.0 1.0
Moderately inactive 157 941,581 0.77 (0.58-1.03)  0.79 (0.59-1.06) Moderately 161 941,593 1.11 (0.82-1.51)  1.10 (0.81-1.50)
inactive
Moderately active 161 944,680 0.61 (0.46-0.82) 0.64 (0.47-0.86) Moderately 220 955,076 1.17 (0.86-1.57)  1.15 (0.84-1.56)
active
Active 32 239,238 0.61 (0.40-0.94) 0.65 (0.43-1.00) Active 40 239,255 0.98 (0.65-1.47)  0.96 (0.64-1.45)
Prend 0.001 0.004 Pirend 0.74 0.83
Occupational activity
Sedentary 111 727,225 1.0 1.0 Sedentary 102 727,203 1.0 1.0
Standing 67 688,569 0.77 (0.56-1.05) 0.79 (0.58-1.09) Standing 95 688,670 1.24 (0.93-1.65) 1.22 (0.91-1.64)
Manual/heavy 47 273925 0.85(0.60-1.21) 0.90 (0.63-1.29) Manual/heavy 54 273,938 0.99 (0.71-1.38)  0.95 (0.67-1.34)
manual manual

Nonworker 201 878,573 0.77 (0.58-1.03) 0.81 (0.60-1.08) Nonworker 230 878,612 1.06 (0.80-1.40) 1.01 (0.76-1.35)
Pend 0.18 0.29 Pirend 0.89 0.91
Household activity (MET-h/wk)
<19.5 112 672,660 1.0 1.0 <19.5 120 672,658 1.0 1.0
>19.5-<39.6 117 681,388 0.97 (0.75-1.27)  0.97 (0.75-1.27) =19.5-<39.6 119 681,436 0.97 (0.75-1.26)  0.97 (0.75-1.26)
>39.6-<73.9 110 658,749 0.85(0.64-1.12)  0.84 (0.64-1.12) >39.6-<73.9 131 658,772 1.06 (0.82-1.38)  1.06 (0.82-1.38)
=73.9 90 617,641 0.74 (0.54-1.01) 0.74 (0.54-1.02) =739 121 617,726  1.03 (0.77-1.37)  1.01 (0.75-1.36)
Pirend 0.04 0.05 Prrend 0.72 0.78
Recreational activity (MET-h/wk)
<12.8 116 674,487 1.0 1.0 <12.8 144 674,544 1.0 1.0
>12.8-<24.0 105 665,148 0.96 (0.73-1.26)  0.96 (0.74-1.26) =>12.8-<24.0 109 665,176 0.79 (0.62-1.02)  0.80 (0.63-1.04)
>24.0-<42.0 96 657915 0.83 (0.62-1.09) 0.84 (0.63-1.11) =>24.0-<42.0 117 657,989 0.82 (0.63-1.05)  0.84 (0.65-1.08)
>45.8 112 632,888 0.98 (0.74-1.29) 1.01 (0.76-1.33) >45.8 121 632,883 0.83 (0.64-1.07)  0.86 (0.66-1.12)
Prend 0.65 0.80 Pirend 0.19 0.31

*Base models are stratified by age and center and mutually adjusted for each type of physical activity (occupational, recreational, and household).
TMultivariate models are stratified by age and center and adjusted for energy (kilocalories per day in quartiles), education (none, primary school, technical/
professional school), smoking (never, former, current, unknown), height (centimeters in tertiles), weight (kilograms in tertiles), and fiber (grams per day in quartiles).
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Table 5. Physical activity and risk of colon cancer by BMI and energy intake, total study population

Type of BMI <25 BMI >25-<30 BMI >30
activity o 7 -
No. No. Age-and Multivariater No. No.  Age-and Multivariater No. No.  Age-and Multivariate
cases person-  center- hazard cases person-  center- hazard cases person-  center- hazard
years  stratified ratios years  stratified ratios years  stratified ratios
hazard (95% CI) hazard (95% CI) hazard (95% CI)
ratios ratios ratios
(95% CI* (95% CI)* (95% CI)*
Inactive 73 246,511 1.0 1.0 63 148,517 1.0 1.0 26 48,127 1.0 1.0
Moderately 179 554,150 0.84 0.86 159 285,335 0.97 0.95 59 102,978 0.78 0.82
inactive (0.63-1.11)  (0.64-1.15) (0.71-1.31)  (0.69-1.29) (0.51-1.33)  (0.50-1.33)
Moderately 179 427,124 0.85 0.88 177 359,955 0.79 0.78 80 158,546 0.78 0.83
active (0.63-1.13)  (0.66-1.19) (0.58-1.07)  (0.57-1.07) (051-129)  (0.51-1.34)
Active 24 111,597 0.60 0.63 37 93,589 0.81 0.81 19 34241 1.01 1.03
(0.38-0.96)  (0.39-1.01) (0.54-1.23)  (0.53-1.24) (0.55-1.84)  (0.56-1.90)
Piend 0.08 0.14 0.07 0.08 0.85 0.98
<1,827 kcal/d >1,827-<2,351 keal/d >2,351 kcal/d
Inactive 46 148484 1.0 1.0 65 150,738 1.0 1.0 51 143,933 1.0 1.0
Moderately 130 311,913 0.89 0.95 (0.66-1.36) 151 327,204 0.86 0.85 116 303,346 0.91 0.93
inactive (0.63-1.27) (0.63-1.17)  (0.62-1.16) (0.65-1.27)  (0.66-1.31)
Moderately 136 318,877 0.75 0.81 (0.56-1.18) 136 312,059 0.66 0.66 164 314,689 1.09 1.13
active (0.52-1.07) (0.48-0.91) (0.48-0.92) (0.79-1.51) (0.81-1.57)
Active 19 61,979 0.74 0.81 (0.47-1.41) 22 72,610 0.58 0.59 39 104,837 0.96 1.01
(0.42-1.27) (0.36-0.96)  (0.36-0.97) (0.63-1.46)  (0.66-1.55)
Pieend 0.07 0.19 0.002 0.003 0.61 0.44

*Base models are stratified by age and center and mutually adjusted for each type of physical activity (occupational, recreational, and household).
tMultivariate models are stratified by age and center and adjusted for energy (kilocalories per day in quartiles), education (none, primary school, technical/
professional school), smoking (never, former, current, unknown), and fiber (grams per day in quartiles).

“dose-response effect” (i.e., statistically significant linear
trend with increasing levels of total activity and decreasing
risks) was found for men, or men and women, in 20 of the
26 studies that examined the trend (3, 6, 7, 9, 12, 13, 17, 20, 22,
27, 31, 32, 35, 37, 42-45, 48-51, 54, 55, 58, 59). Our results for
rectal cancer are in concordance with previous studies results
because only 6 of 30 studies of rectal cancer (2, 7, 9, 12, 13, 15,
17,18, 20, 24, 25, 27, 29, 31-33, 35-37, 39, 41, 42, 45, 48, 49, 51,
52, 54, 56, 64) in men, or men and women, have found a
statistically significant risk reduction or inverse trend among
the most physically active study participants. Indeed, there

seems to be increasing convincing evidence for no association
between rectal cancer and physical activity.

This study found no difference in colon cancer risk
according to gender, which is consistent with the literature.
In reviewing previously reported risk ratios and 95% Cls for
colorectal and colon cancer incidence and mortality, 23 studies
of occupational activity (2, 7, 13-19, 22-24, 31-33, 35, 38, 42, 51,
52, 55, 56, 59) and 23 studies of nonoccupational activity (5, 8,
9,12,19, 22, 26,27, 29, 30, 32, 34, 37, 41, 42, 49, 51, 53-56, 58, 59)
generally revealed no obvious differences between males and
females.

Table 6. Interaction of BMI and energy intake with physical activity, by right and left colon cancers

Total activity Right colon Left colon
BMI <25 BMI >25-<30 BMI =30 BMI <25 BMI >25-<30 BMI>30
No. Multivariate* No. Multivariate* No. Multivariate* No. Multivariate* No. Multivariate* No. Multivariate*
cases risk cases risk cases risk cases risk cases risk cases risk
Inactive 34 0.64 28 0.61 14 1.0 26 0.98 32 1.37 7 1.0
(0.34-1.20) (0.32-1.16) (0.42-2.30) (0.60-3.13)
Moderately 73 0.50 63 0.54 23 0.57 64 1.02 70 141 31 1.47
inactive (0.28-0.90) (0.30-0.98) (0.29-1.12) (0.46-2.25) (0.64-3.07) (0.64-3.39)
Moderately 73 0.38 82 0.43 39 0.56 102 1.25 104 1.18 55 1.57
active and (0.21-0.68) (0.24-0.77) (0.30-1.05) (0.58-2.70) (0.56-2.54) (0.70-3.45)
active
Pi.nteraction 0.03 0.39

<1,827 kcal/d >1,827-<2,351 keal/d

>2,351 keal/d

<1,827 keal/d >1,827-<2,351 kcal/d >2,351 keal/d

Inactive 26 1.54 31 1.72 19 1.0 12 0.64 30 132 23 1.0
(0.83-2.90) (0.96-3.08) (0.30-1.33) (0.74-2.35)

Moderately 55 1.07 64 1.30 40 0.94 54 0.96 65 1.27 46 0.99
inactive (0.61-1.91) (0.76-2.23) (0.54-1.63) (0.55-1.68) (0.76-2.13) (0.59-1.67)

Moderately 51 0.69 62 0.86 81 1.15 81 1.01 82 1.08 98 1.18
active and (0.39-1.24) (0.50-1.48) (0.69-1.92) (0.59-1.72) (0.65-1.78) (0.73-1.92)
active

p interaction 0.003 045

*Multivariate risk models: BMI interaction adjusted for energy intake, fiber, alcohol, smoking, and education; energy interaction also adjusted for height, weight,

alcohol, smoking, fiber, and education.
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We also compared risks across three types of activity:
occupational, household, and recreational. Neither occupa-
tional nor nonoccupational activity was clearly more effective
in reducing risk. A review of risk estimates from incidence and
mortality studies of colorectal and colon cancer [35 studies in
men (2, 7, 9, 12-19, 22-24, 26, 27, 29-33, 35, 37, 38, 41, 42, 49,
51-56, 58, 59) and in 22 women (2, 5, 8, 9, 14, 16, 19, 22, 26, 27,
31, 33, 34, 37, 41, 49, 51, 54-56, 58, 59)] similarly suggested no
sign of differential protective effects from occupational or
nonoccupational activity.

No statistically significant interaction between BMI and
physical activity was observed for right and left tumors
combined. Of 58 colon and colorectal studies in the literature,
only 11 (3, 20, 22, 27, 29, 31, 44, 48, 51, 59) stratified by BMIL
These past studies collectively provide no convincing evidence
of any statistically significant interaction between BMI,
physical activity, and colon cancer in men or women. In
contrast, the present study did find statistically significant
effect modification by BMI for right-sided tumors. Slattery et
al. (44) similarly examined this interaction according to
multiple tumor subsites and reported the BMI interaction
term as having statistically significantly improved model fit for
right-sided (but not left-sided) tumors. Gerhardsson de
Verdier et al. (20) also presented evidence of an interaction
with BMI but only described left-sided tumors in this regard.

Like BMI, results stratified by energy intake showed no
convincing evidence of effect modification for right- and left-
sided tumors combined. Very few groups have previously
reported on the same two-way stratification (20, 31, 44, 48) and
the results have been inconsistent. After stratifying by tumor
subsite, Slattery et al. (44) found that an interaction term
improved model fit marginally for left-sided (but not right-
sided) tumors in men and older individuals. Results of
Gerhardsson de Verdier et al. (20) similarly implied effect
modification for left-sided tumors. No other groups described
interactions between physical activity, energy intake, and
right-sided tumors, a statistically significant finding in the
present study.

In the EPIC study, we were able to examine the risks by
tumor subsite as has previously been done in 9 cohort studies
(8,9, 12,18, 42, 51, 58, 62, 63) and 21 case-control studies (2, 6,
14-17, 20, 22, 24,27, 31, 32, 34, 44, 45, 52, 55, 56, 59, 60, 64). Some
of those that examined both subsites have found risk decreases
that were stronger and often statistically significant for right-
sided tumors (6, 9, 15, 18, 24, 31, 51, 52, 59, 60) or left-sided
tumors (2, 12, 16, 17, 20, 58, 62-64). Others (8, 14, 22, 27, 34, 42,
44, 45, 55, 56) have found no clear difference between subsites.
Although it seems that the associations are not consistently
stronger for right- or left-sided tumors, differing methods
could account for this. Of 29 studies that compared tumor
subsites, only 15 compared two subsite categories (9, 12, 20, 22,
24, 27,31, 44, 45, 51, 55, 56, 58, 62, 63) using six definitions for
right- and left-sided tumors precluding any direct compar-
isons with our study results. Levi et al. (31) was the only group

to dichotomize tumor subsites as in the EPIC study and
similarly found a stronger association with right-sided tumors.
Gerhardsson de Verdier et al. (18) also found stronger effects in
right-sided tumors (cecum and ascending colon, and trans-
verse colon and flexures) than in left (descending, sigmoid
colon) and was, to our knowledge, the only other large
prospective study to examine tumor subsites in the colon.

The exact biological mechanisms for the differential associ-
ations of physical activity with tumor subsites are not known.
Previously hypothesized mechanisms for colon cancer include
gastrointestinal transit time, immune function, prostaglandin
levels, insulin-related pathways, gastrointestinal-pancreatic
hormones, serum cholesterol, and bile acids (76, 77), only
some of which may differ between the left or right colon.
Physical activity, for example, accelerates movement of stool
through the colon (78, 79), possibly providing less time
for fecal carcinogens to contact colonic mucosa (80). Only
the right colon is innervated by the vagus nerve, which
induces peristalsis in response to physical activity. Hence,
physical activity may affect motility more intensely in
the right colon than in the left (81). The effect could be
accentuated if foods that correlated with lower BMI (82, 83)
and lower energy intake (84) are also those that traverse the
colon more rapidly, such as fiber (80). Although plausible, the
epidemiologic evidence for the association between gastroin-
testinal transit time and colon cancer risk has thus far been
inconsistent (76).

In conclusion, this large prospective study conducted in a
heterogeneous population of Europeans has found 20% to 25%
risk reductions for colon cancer among the physically active
population, which were particularly evident for right-sided
colon tumors where reductions of 35% were observed. The
inverse association of physical activity with right-sided colon
cancer was very strong among the normal weight (BMI <25)
population and among those with low energy intake (<2,351
kcal/d). Hence, there is a clear benefit of physical activity for
right-sided colon cancer risk reduction, which is greatest when
normal weight or low energy intake is also maintained. It is of
public health importance to note that the benefits of physical
activity for colon cancer risk were also observed among the
overweight population (BMI >25-<30), suggesting that phys-
ical activity has a positive influence on colon cancer risk
reduction for a large percentage of the at-risk population. The
benefits are stronger among those who also maintain a lower
BMI and a lower energy intake. The level of physical activity
required for the risk reductions observed in this study
translates into 1 hour per day of vigorous physical activity
(MET = 6) or 2 h per day of moderate intensity physical activity
(MET = 3). This activity could be in any combination of
occupational, household, or recreational activity. Because these
levels of activity are achievable by most of the at-risk
population, the potential for colon cancer risk reduction with
increased physical activity is worthy of consideration for
cancer prevention programs.

Appendix Table 1. Creation of total physical activity index as the cross-classification of occupational and combined

recreational and household activity

Occupational activity

Recreational and household activity (MET-h/wk in sex-specific quartiles)

Low

Medium

High Very high

Males, <34.00;
females, <51.11

Males, >34.00-<56.76;
females, >51.11-<82.43

Males, >56.76-<87.06;
females, >82.43-<123.02

Males, >87.06;
females, >123.02

Sedentary Inactive Inactive Moderately inactive Moderately active
Standing Moderately inactive Moderately inactive Moderately active Active
Manual Moderately active Moderately active Active Active
Heavy manual Moderately active Moderately active Active Active
Nonworker Moderately inactive Moderately inactive Moderately active Moderately active
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ORIGINAL INVESTIGATION

A Prospective Study of Physical Activity
and Incident and Fatal Prostate Cancer

Edward L. Giovannucci, MD, ScD; Yan Liu, MS; Michael F. Leitzmann, MD;
Meir J. Stampfer, MD, DrPH; Walter C. Willett, MD, DrPH

Background: Whether physical activity has benefits
against prostate cancer incidence or progression is un-
clear. Therefore, we assessed physical activity in rela-
tion to prostate cancer incidence, mortality, and Glea-
son histologic grade.

Methods: We used data from the Health Professionals
Follow-up Study, a prospective cohort study, to deter-
mine the number of cases of incident, advanced (semi-
nal vesicle invasion, metastasis, or fatal), fatal, and high-
grade prostate cancer in a cohort of 47 620 US male health
professionals, followed up from February 1, 1986, to Janu-
ary 31, 2000.

Resulis: During 14 years of follow-up, we documented
2892 new cases of prostate cancer, including 482 ad-
vanced cases (280 of which were fatal). For total pros-
tate cancer, no association was observed for total, vigor-
ous, and nonvigorous physical activity. In men 65 years
or older, we observed a lower risk in the highest cat-

egory of vigorous activity for advanced (multivariable rela-
tive risk, 0.33; 95% confidence interval, 0.17-0.62, for
more than 29 vs 0 metabolic equivalent hours) and for
fatal (relative risk, 0.26; 95% confidence interval, 0.11-
0.66) prostate cancer. No associations were observed in
younger men. Differential screening by prostate-
specific antigen or a reduction in physical activity due
to undiagnosed prostate cancer did not appear to ac-
count for the results. Among cases, men with high lev-
els of physical activity were less likely to be diagnosed
with poorly differentiated cancers (Gleason grade =7).

Conclusion: Although the mechanisms are not yet un-
derstood, these findings suggest that regular vigorous ac-
tivity could slow the progression of prostate cancer and
might be recommended to reduce mortality from pros-
tate cancer, particularly given the many other docu-
mented benefits of exercise.
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OME STUDIES'"** HAVE SUG-

gested that more physically

active men may have a lower

risk of prostate cancer, but

the associations have tended
to be moderate, not always statistically sig-
nificant, and sometimes only evident
among older subgroups®*!1¢ or for sub-
stantially high, but not moderate, levels of
activity.>'®!® However, many of the stud-
ies were not designed to examine physi-
cal activity in detail and could not ad-
equately consider the amount, timing, and
intensity of each type of activity.”® In ad-
dition, prostate cancers are heterog-
eneous, and evidence suggests differ-
ences in etiology by different groups of
men (eg, younger or older subgroups) or
by type of end point (eg, high vs low grade,
incident vs fatal). Moreover, the diagno-
sis of prostate cancer is currently largely
influenced by the use of prostate-specific
antigen (PSA) for screening, which could
bias results.

Our group previously examined physi-
cal activity relative to risk of prostate can-
cer in the Health Professionals Fol-
low-up Study, a prospective cohort study
of US male health professionals who were
followed up from February 1, 1986, to
January 31, 1994.'¢ In that analysis, which
was based on 1362 total incident cases of
prostate cancer, we found no relation-
ship for total, vigorous, and nonvigorous
physical activity. However, for meta-
static prostate cancer we observed a sta-
tistically significant 54% lower risk in the
highest category of vigorous activity only,
which was due to a 69% risk reduction in
older men (those =67.5 years of age) but
not younger men. Now, with follow-up to
2000 and with 2982 incident cases in this
cohort, we assessed the specific relation-
ship between vigorous activity and risk of
advanced prostate cancer in older men. In
addition, we examined whether any ben-
efit of physical activity occurs relatively
soon or requires a long time lag, assessed
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fatal prostate cancer and histologic tumor grade as ad-
ditional end points, and accounted for PSA screening fre-
quency.

— TR

STUDY POPULATION

In 1986, 51 529 US male dentists, optometrists, osteopaths, po-
diatrists, pharmacists, and veterinarians, aged 40 to 75 years,
completed and returned a mailed questionnaire to initiate the
Health Professionals Follow-up Study cohort. Through this 1986
baseline questionnaire, we elicited information on age, mari-
tal status, height and weight, ancestry, medications, smoking
history, disease history, physical activity, and diet. Every 2 years,
we mailed follow-up questionnaires to collect information on
new medical diagnoses and lifestyle factors and to update data
on physical activities. We updated dietary information through
food frequency questionnaires that were administered every 4
years. Using reports from family members, the US Postal Ser-
vice, and the National Death Index, we ascertained more than
98% of deaths.?! Our follow-up response rate was 96%. This
study was approved by the Human Subjects Committee of the
Harvard School of Public Health, Boston, Mass.

IDENTIFICATION OF CASES
OF PROSTATE CANCER

When participants reported new diagnoses in response to our
questionnaires, we asked them for permission to obtain hos-
pital records and pathology reports. Study investigators used
the staging information received from any procedures or tests
conducted during the initial diagnosis and treatment, includ-
ing prostatectomies and bone scans. From 1986 to the end of
this study period, we documented 3006 newly diagnosed cases
of prostate adenocarcinoma in 596 756 person-years, after ex-
cluding 68 cases of stage Tla cancer (incidental histologic can-
cer found in =5% of tissue resected) because Tla cancers are
relatively innocuous and especially prone to detection bias. Of
the 3006 cases, we were able to document approximately 90%
with the use of medical records and pathology reports; for most
of the remaining 10%, participants provided information re-
garding the diagnosis and subsequent treatment. Based on the
pathology report, we also recorded Gleason histologic grade,
which was available for 2159 cases. Fatal prostate cancer was
determined by study physicians after a review of the medical
records.

ASSESSMENT OF PHYSICAL ACTIVITY

On the 1986 questionnaire, we asked men to report the aver-
age time per week that they engaged in the following activities
during the past year: walking or hiking outdoors (including
walking at golf), jogging (slower than 10 min/mile), running
(10 min/mile or faster), bicycling (including stationary ma-
chine), lap swimming, tennis, squash or racquetball, and cal-
isthenics or rowing. In addition, we asked about the number
of flights of stairs climbed daily and the usual walking pace.
We updated our physical activity assessment every 2 years. Heavy
outdoor work was added in 1988 and weight training in 1990.
To generate the total physical activity score, we summed activity-
specific metabolic equivalent (MET)-hours per week. A MET-
hour is the metabolic equivalent of sitting at rest for 1 hour.
MET-hour values were obtained from a compendium of physi-
cal activities.?> We also generated quintiles of total MET-
hours per week for vigorous or high-intensity activities (run-

ning, jogging, biking, swimming, tennis, racquetball/squash,
rowing/calisthenics, heavy outdoor work, and weight train-
ing) and nonvigorous activities (flights of stairs climbed and
walking). The activity assessment has been previously vali-
dated.” Because the men are health professionals, occupa-
tional activity is low for most of them.

STATISTICAL ANALYSIS

After excluding men with diagnosed cancer (except for non-
melanoma skin cancer) at baseline and those who did not ad-
equately complete a dietary or physical activity questionnaire,
47 620 men formed the analytic cohort. Each man accrued fol-
low-up time beginning on the month of return of the baseline
questionnaire and ending on the month of diagnosis for pros-
tate cancer cases, or the month of death from other causes, or
January 31, 2000, for noncases. We calculated incidence rates
of prostate cancer for men in a specific category of physical ac-
tivity level by dividing the number of incident total, advanced,
nonadvanced, or fatal prostate cancer cases by the number of
person-years in that category. Advanced cases were consid-
ered those with extension to the seminal vesicle or with evi-
dence of metastasis to the lymph nodes or distant organs at the
time of diagnosis, or those whose cases were fatal by January
31, 2000. The remaining cases, including those with minimal
extension into the prostatic capsule, were considered nonad-
vanced.

Physical activity in MET-hours per week was categorized
into quintiles. We considered separately total, vigorous, and
nonvigorous physical activity. Because approximately half the
cohort members reported no vigorous activity, those report-
ing no vigorous activity were considered in 1 category, and we
then formed quartiles for those with any level of vigorous ac-
tivity to form 5 total categories. To better assess timing of ex-
posure to risk of prostate cancer, we examined baseline data
(1986) without updating, with simple updating using the most
recent assessment, and with cumulative updating, which uses
the 1986 activity assessment to assess risk prospectively from
1986 to 1988, the average of the 1986 and 1988 assessments
to assess risk prospectively from 1988 to 1990, and so forth.
In addition, we considered 2-year and 4-year time lags (ie, up-
dating information only up to 2 or 4 years, respectively), to the
period of risk. For fatal prostate cancer, we updated data only
until the time of the diagnosis.

We computed relative risks (RRs), which we defined as the
incidence rate of disease in 1 category (eg, high level of vigor-
ous activity) divided by the incidence rate in a specified refer-
ence category (eg, low activity level). We used the Mantel-
Haenszel summary estimator to adjust for age (across 5-year
categories). We used Cox proportional hazards modeling to con-
trol for multiple variables simultaneously and to compute 95%
confidence intervals (CIs). Age (in 1-year intervals) and study
period (in 2-year intervals) were controlled for as stratifica-
tion variables in the Cox model. We tested for departures from
the proportional hazards assumption by using likelihood tests.
The following covariates were included in the models: body mass
index at age 21 years, height, cigarette pack-years in the pre-
vious 10 years, family history of prostate cancer, history of dia-
betes mellitus, race, and intakes of total calories, red meat, fish,
a-linolenic acid, calcium, zinc supplements, and tomato
sauce.”*? When vigorous and nonvigorous activities were ana-
lyzed, they were mutually adjusted. We updated modifiable vari-
ables. We tested for trend across categories, controlling for mul-
tiple covariables by modeling the median values of categories
of physical activity as a continuous variable in the multivari-
able model. We conducted tests for multiplicative interaction
(Wald test) between age and physical activity by modeling si-
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 African American

 Diabstes, %

ce, sen wk

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters)

Study; MET, metabolic equivalent; Q, quintile.

; HPFS, Health Professionals Follow-up

*For vigorous activity, G1 indicates 0 MET-h/wk of vigorous activity; G2, second quartile of subjects with positive vigorous activity MET-hours; and G3, fourth

quartile of subjects with positive vigorous activity MET-hours.
tAge is not age-standardized.

fRed meat indicates beef, pork, or lamb as a main dish, and 1 serving equals 140 g; for tomato sauce, 1 serving equals 125 g; and for fish, 1 serving equals

112 g.

multaneously physical activity as a continuous variable, an in-
dicator for age group (0 if <65 years; 1 if =65 years), and the
product of age and vigorous activity (the interaction term). Us-
ing a case-case approach, we also assessed the odds ratio (OR)
of being diagnosed as having a high-grade (Gleason grade =7)
vs a low-grade (Gleason grade <7) cancer by using multivari-
able logistic regression. All reported P values are 2 sided.

— RN

AGE-STANDARDIZED CHARACTERISTICS
ACCORDING TO PHYSICAL ACTIVITY LEVEL

Table 1 shows selected age-standardized characteris-
tics in relation to total and vigorous physical activity. As
expected, younger men tended to have more vigorous ac-
tivity. In general, more physically active men had a more
healthful lifestyle and diet.

TOTAL AND NONVIGOROUS
PHYSICAL ACTIVITY

We examined total prostate cancer in relation to total
physical activity by using the simple updated assess-
ment (the most recent physical activity assessment) and
found no association (multivariable-adjusted RR, 1.02 for
the top vs bottom quintiles; 95%CI, 0.91-1.15; P for
trend=.47), despite substantial power (approximately 600
cases per quintile). Moreover, no significant associa-
tions were observed for nonadvanced, advanced, or fa-
tal prostate cancer. We found no evidence of a lower risk
of total prostate cancer, or any subgroups of prostate can-

cer, associated with nonvigorous activities (data not
shown). Use of baseline data (1986) without updating
or curnulatively updated physical activity similarly yielded
null results for total and nonvigorous activities.

VIGOROUS PHYSICAL ACTIVITY
AND AGE STRATIFICATION

For vigorous physical activity in age-adjusted analyses,
no appreciable association was observed with total pros-
tate cancer (age-adjusted RR, 1.09;95% CI, 0.97-1.23; P
for trend=.05), and a modest positive association was
noted for nonadvanced prostate cancer (age-adjusted RR,
1.21; 95% CI, 1.07-1.37; P for trend=.002). For ad-
vanced prostate cancer, in the Cox proportional regres-
sion analysis, there was strong evidence against the pro-
portional hazards assumption (P<<.001) because of strong
heterogeneity by age, as was observed in a previous analy-
sis by our group.'® Thus, for the remaining analyses, we
stratified the population into men younger than 65 years
and those 65 years or older (Fable 2). We found a de-
creased risk only in the older subgroup of men for ad-
vanced prostate cancer (P=.009, for interaction by age).
The age-adjusted results (RRs across categories 1 through
5 for older men: 1.00,0.88,1.13,1.03, and 0.31, respec-
tively; P for trend =.001) were almost identical to the mul-
tivariable results (Table 2). For fatal prostate cancer, re-
sults were similar to those for advanced prostate cancer
(P=.02, for interaction by age; multivariable RR for top
vs bottom category, 0.26; 95% CI, 0.11-0.66). When we
stratified advanced prostate cancer by study period and
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65y,
R (95% CI)f
65y.n

Abbreviations: Cl, confidence interval; HPFS, Health Professionals Follow-up Study; MET, metabolic equivalent; n, number of cases of prostate cancer;
RR, relative risk.

*MET-hours of physical activity per week, updated every 2 years.

TMultivariable RR controlled for age, study period, body mass index at age 21 years, height, cigarette pack-years in the previous 10 years, family history of
prostate cancer, history of diabetes mellitus, race, nonvigorous activity, and intake of total calories, red meat, fish, «-linolenic acid, calcium, zinc supplements, and
tomato sauce.

1A total of 280 of these cases were fatal.

Abbreviations: Cl, confidence interval; HPFS, Health Professionals Follow-up Study; MET, metabolic equivalent; RR, relative risk

*Analyses are stratified by study period and age group. Data are given as multivariable RR (95% Cl), unless otherwise indicated. Multivariable RRs are
controlled for age, study period, body mass index at age 21 years, height, cigarette pack-years in the previous 10 years, family history of prostate cancer, history
of diabetes mellitus, race, nonvigorous activity, and intake of total calories, red meat, fish, «-linolenic acid, calcium, zinc supplements, and tomato sauce.
1tMET-hours of physical activity per week, updated every 2 years.

TIME-LAGGED ANALYSES

ysical Activity and.
ars or Older

 Table 4. Relation Betwe
. Advanced Prostate Car
in the HPFS Accounting

Decreased risks of advanced prostate cancer for the high
vs low category of physical activity for men 65 years or
older were observed for simple updating, for cumula-
tive updating (activity averaged for all questionnaires up
to the period of risk), and for cumulative updating but
considering 2-year or 4-year time lags (Table 4). Simi-

updati

lar patterns were observed for fatal prostate cancer (data

: — e : ’ — not shown). Furthermore, to determine whether mor-
Fol'?:vt;rﬁ“‘g{ggsf 8’1 C&fn'ft'l‘lj:"g; ":Zl’a“’na\‘l'e t!;fs Health Professionals bidity from undiagnosed prostate cancer may have caused
*I\/Iulti?/ariablyé Rh(](see first footnote to Table 3) and 95% Cl for high vs men to reduce their activity level, we examined the in-
low category of vigorous physical activity. fluence of recent changes in physical activity reported on
the 2 questionnaires preceding the period of risk. Among

men 65 years or older, relative to those who were con-

age, a marked reduced risk in older men only was ob- sistently low in vigorous physical activity (ie, not in the
served in both periods (Table 3). top category), the multivariable RRs for advanced pros-
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tate cancer were as follows: for men who had reduced
their physical activity from a high to a low category, 1.53
(95% CI, 0.95-2.44); for men who had increased their
physical activity from a low to a high category, 0.37 (95%
CI, 0.15-0.90); and for men consistently in a high cat-
egory, 0.32 (95% CI, 0.13-0.78). Thus, although a mod-
est, nonsignificant increased risk of advanced prostate
cancer was observed for men who reduced their activity
level from the top category, the overall reduced risk was
not caused solely by a reduction in vigorous activity level
shortly before the diagnosis.

VIGOROUS PHYSICAL ACTIVITY
AND GLEASON GRADE

For 2159 cases with data on the Gleason grade, 849
(39%) were Gleason grade 7 or higher (high-grade). In
a case-only analysis, the multivariable OR of high-grade
vs low-grade prostate cancer was significantly reduced
for men in the top quintile of vigorous physical activity
(OR, 0.64; 95% CI, 0.47-0.87; P=.004) relative to the
lowest category, especially in men 65 years or older
(OR, 0.53; 95% CI, 0.36-0.79; P=.002). To better dis-
tinguish high-grade from advanced-stage prostate can-
cer, we further limited the analysis to the 1871 nonad-
vanced cancers at diagnosis only (634 of these were
high-grade cases). In this group, we also found that the
multivariable OR was significantly reduced in men in
the top quintile of vigorous physical activity (OR, 0.70;
95% Cl, 0.51-0.97; P=.03) relative to the lowest cat-
egory, particularly in men 65 years or older (OR, 0.64;
95% CI, 0.43-0.97; P=.04).

VIGOROUS ACTIVITY AND
FREQUENCY OF PSA EXAMINATION

The respective percentages of men 65 years or older who
reported at least 1 PSA examination by 2000 according
to level of vigorous physical activity in 1992, from low-
est to highest category, were 86%, 89%, 91%, 92%, and
92%. The respective percentages of men who reported
having had a PSA test on at least 3 of the 4 biennial ques-
tionnaires from 1994 to 2000, across levels of vigorous
activity (lowest to highest), were 73%, 71%, 75%, 76%,
and 74%. Thus, the frequency of PSA tests did not differ
appreciably across levels of vigorous activity.

DR COMMENT ey

In this cohort of male health professionals, we did not
observe a monotonic association between total or non-
vigorous nonoccupational physical activity and risk of
total or advanced prostate cancer. However, as observed
in an analysis based on less follow-up,'® men who were
65 years or older had an approximately 70% reduction
in advanced prostate cancer if they achieved 30 MET-h/
wk, which is roughly equivalent to at least 3 hours of vig-
orous activity weekly. In addition, we now observe a simi-
lar reduction for fatal prostate cancer.

Several analyses indicate that our results were highly
unlikely to have resulted from chance. First, statisti-

cally significant findings were observed initially in fol-
low-up to 1994, and results were replicated with inde-
pendent follow-up to 2000. Second, the inverse association
was apparent for advanced prostate cancer at diagnosis,
for fatal prostate cancer, and for high-grade prostate can-
cer, even among men with nonadvanced prostate can-
cer. Third, findings were observed when using the base-
line questionnaire data, cumulative updated assessments,
or simple updated assessments, and with various time lags
between exposure and time of diagnosis.

Although the possibility of confounding cannot be en-
tirely ruled out in an observational study, several facts ar-
gue against it. We controlled for numerous factors, and the
age-adjusted and fully multivariable analyses provided simi-
lar results. The risk reduction was 3- to 4-fold, and a pu-
tative uncontrolled confounding factor would have to be
strongly related to both high levels of physical activity and
a substantially reduced risk of advanced prostate cancer.

Because the inverse association was observed for ad-
vanced prostate cancer and prostate cancer mortality but
not nonadvanced prostate cancer, early diagnosis by PSA
screening and treatment could possibly have reduced mor-
tality among physically active men. However, PSA screen-
ing was common throughout the cohort and did not vary
appreciably by level of vigorous physical activity. Fur-
thermore, we observed a 3- to 4-fold reduction in risk in
older men from 1986 to 1994,'¢ before any effects of wide-
spread PSA screening on metastasis and mortality could
have taken effect.

Another consideration is that the lower mortality was
caused by a reduction in physical activity among men who
were ill with undiagnosed metastatic prostate cancer.
However, we found that most of the reduction in risk was
due to men who were consistently high in activity or who
had moved from a lower to the highest category rather
than due to an excess risk from men who had recently
reduced their activity level. Moreover, this potential bias
could not explain the higher likelihood of high-grade vs
low-grade prostate cancer in those diagnosed as having
organ-confined cancers.

The consistent finding that high levels of physical ac-
tivity reduce risk in men 65 years or older may suggest
variant etiologies for early-onset and later-onset can-
cers. Our group has previously found in this cohort that
higher body mass index and waist circumference® are
associated with a lower risk of prostate cancer in younger
men but not older men. These findings led us to hypoth-
esize that in younger men, androgen stimulation may be
amore important factor because obesity is associated with
lower circulating testosterone and with higher estrogen
concentrations.*®*? This apparent paradoxical “benefit”
of obesity in younger men may explain the lack of an as-
sociation with physical activity in that age group. Pros-
tate cancers that are fatal by age 65 years tend to have a
strong genetic component and may have a different eti-
ology than those that occur in older men.

The mechanism whereby physical activity may be
protective is unknown, but physical activity may influ-
ence a number of hormones hypothesized to enhance
prostate cancer carcinogenesis, including insulinlike
growth factor 1, insulin,*** leptin*>7 and testoster-
one.**% In one study,***! an exercise and low-fat diet in-
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tervention lowered circulating levels of insulinlike
growth factor 1 and insulin in men, and increased levels
of sex hormone-binding globulin and insulinlike
growth factor binding protein 1. When used as a me-
dium for cell culture to grow LNCaP cells, serum from
the exercising men decreased proliferation by a third
and increased apoptosis 4-fold.*

In conclusion, men 65 years or older engaging at least
3 hours of vigorous physical activity weekly had a mark-
edly lower risk (almost 70%) of being diagnosed as hav-
ing high-grade, advanced, or fatal prostate cancer. The find-
ings were consistent over time, did not appear to be caused
by bias or confounding, and are compatible with hor-
monal hypotheses regarding prostate cancer progression.
Although the mechanisms still need to be understood, these
findings suggest that vigorous activity could slow the pro-
gression of prostate cancer and might be recommended to
reduce mortality from prostate cancer, particularly given
the many other documented benefits of exercise.
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Walking to Work and the Risk for Hypertension in Men:

The Osaka Health Survey

Tomoshige Hayashi, MD; Kei Tsumura, MD, DrPH; Chika Suematsu, MD; Kunio Okada, MD, DrPH;

Satoru Fujii, MD, DrPH; and Ginji Endo, MD, DrPH

Background: It is not known whether physical activity is
effective in reducing the risk for hypertension.

Objective: To investigate the association of the duration
of the walk to work and leisure-time physical activity with
the risk for hypertension.

Design: Prospective cohort study.
Setting: Work site in Osaka, Japan.

Participants: 6017 Japanese men 35 to 60 years of age
with systolic blood pressure less than 140 mm Hg, diastolic
blood pressure less than 90 mm Hg, normal glucose intol-
erance, and no history of hypertension or diabetes at
baseline.

Measurements: Data on physical activity were obtained
by using questionnaires. Blood pressure was measured by
using a standard technique; a value of at least 160/95 mm
Hg was used to diagnose hypertension.

Results: During 59 784 person-years of follow-up, 626
cases of hypertension were confirmed. The duration of the
walk to work was associated with a reduction in the risk for
incident hypertension; multivariate-adjusted relative risks
were 1.00 for a walk of 10 minutes or less (reference
category), 0.88 (95% Cl, 0.75 to 1.04) for an 11- to 20-
minute walk, and 0.71 (Cl, 0.52 to 0.97) for a walk of 21
minutes or more (P for trend = 0.02). For every 26.3 men
who walk more than 20 minutes to work, one case of
hypertension will be prevented.

Conclusions: Walking to work and other types of physi-
cal activity decreased the risk for hypertension in Japanese
men. Regular exercise can prevent hypertension.

Ann Intern Med. 1999;130:21-26.

From Osaka City University Medical School; Medical Center for
Employees’ Health, Osaka Gas Co., Ltd.; and Environment and
Public Health Bureau, Osaka City, Osaka, Japan. For current
author addresses, see end of text.

here is good evidence that physical activity re-

duces the risk for cardiovascular disease (1-6),
possibly in part by lowering blood pressure (7). Al-
though mild or moderate physical activity, such as
brisk walking, is a recommended part of the treat-
ment protocol for persons with hypertension (8, 9),
it is not known whether mild physical activity, espe-
cially walking, reduces the risk for hypertension.

With few exceptions, epidemiologic studies of
physical activity and hypertension have been cross-
sectional rather than prospective. Physical activity
was inversely related to blood pressure in cross-
sectional and controlled studies (7), and in two pro-
spective studies (10, 11), vigorous exercise was in-
versely related to the subsequent risk for hypertension.
Physicians in Japan usually advise their patients to
walk to work as often as they can, and indeed, for
middle-aged working Japanese men, the journey to
and from work seems to be the main source of
exercise.

We prospectively examined the relation of mild
physical activity, especially walking to work, and
leisure-time physical activity to the risk for hyper-
tension during 6 to 16 years of observation.

Methods

The Osaka Health Survey

The Osaka Health Survey is an ongoing cohort
study of risk factors for chronic diseases, including
hypertension and diabetes. Study participants are
male employees of a gas company in Osaka, Japan.
Japanese law requires all employers to conduct an-
nual health screenings for all employees. For the
purposes of the Osaka Health Survey, in addition to
these annual screenings, all employees 35 years of
age or older undergo more detailed biennial clinical
examinations and complete questionnaires on
health-related behaviors, including exercise.

Study Sample

Between 1981 and 1990, 7979 Japanese men 35
to 63 years of age at entry who had sedentary
occupations were enrolled in the study. We ex-
cluded 1875 men because they had physician-
diagnosed hypertension, borderline hypertension
(systolic blood pressure = 140 and < 160 mm Hg,

©1999 American College of Physicians—American Society of Internal Medicine 21
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Table 1.

Baseline Characteristics According to Duration of the Walk to Work*

Characteristics All Participants Duration of the Walk to Workt
(n = 6017) 0-10 Minutes 11-20 Minutes =21 Minutes

(n = 3066) (n = 2373) (n = 578)
Age, y 417 %65 413+63 421 +66 423+67
Body weight, kg 62.9 + 8.3 63.1 62.7 62.3
Body mass index, kg/m? 226 %26 227 22.5 22.4
Regular physical exercise at least once weekly, % 31.5 303 32.6 333
Alcohol drinkers, % 82.0 81.7 82.4 81.2
Alcohol intake, mL/d 36.9 £258 37.4 36.1 37.3
Smokers, % 61.8 63.4 60.3 56.9
Cigarettes smoked per day, n 244 %99 246 241 236
Systolic blood pressure, mm Hg 121.6 = 10.6 121.6 1214 1216
Diastolic blood pressure, mm Hg 67.4 £ 10.1 67.3 67.4 67.4
Heart rate, beats/min 71.7 =109 71.7 71.7 71.2
Fasting plasma glucose level, mg/dL* 90.2 + 8.5 90.0 90.3 90.9

* Values are the mean or the mean = SD, except for regular physical exercise at least once weekly, alcohol drinkers, and smokers.
+ All variables (except for age) across the duration of the walk to work were adjusted for age. '

+ To convert to mmol/L, multiply by 0.05551.

diastolic blood pressure = 90 and <95 mm Hg, or
both in men without a history of hypertension),
diabetes, or impaired glucose tolerance (fasting
plasma glucose level = 6.1 mmol/L [=110 mg/dL]
and < 7.8 mmol/L. [<140 mg/dL] in men with no
history of diabetes) at entry. The study sample ul-
timately consisted of 6104 men.

Data Collection and Measurements

The biennial clinical examination consisted of a
medical history; a physical examination; blood pres-
sure measurement; anthropometric measurements;
measurement of the fasting plasma glucose level;
and surveys of health-related behaviors, such as
physical activity, smoking, and daily alcohol con-
sumption. Trained nurses took all measurements.
Participants were asked to fast for 12 hours and to
avoid smoking and heavy physical activity for more
than 2 hours before the examination. After a
5-minute rest in a quiet room, a standard mercury
sphygmomanometer was used to measure systolic
and diastolic blood pressures in the right arm while
the participant was seated. Pressure was measured
twice, at an interval of a few minutes. Anthropo-
metric measurements included height and body
weight, which were measured while the participant
was wearing light clothing without shoes. Body mass
index was calculated as the weight in kilograms
divided by the height in meters squared.

The questionnaire completed by each participant
elicited information on leisure-time physical activity,
the duration of the walk to work, the nature of the
participant’s occupation, and the level of activity
involved. Leisure-time physical activity was defined
as physical activity unrelated to the participant’s
work. Questions about leisure-time physical activity
were as follows: “Do you engage in any regular
physical exercise, such as jogging, bicycling, swim-
ming, and tennis, long enough to ‘work up a sweat’

(lasting 30 minutes or more)? If yes, how many
times per week? What exercise is this?” The ques-
tions about regular physical exercise have been val-
idated as a measure of physical exercise (12-15). In
the analysis, participants were classified as engaging
in regular physical exercise at least once per week
or less than once per week. They were also classi-
fied into one of three categories of exercise fre-
quency: 0 (less than once per week), once per week,
or two or more times per week. The question about
the duration of the walk to work was “How long
does it take you to walk to this office?” Occupa-
tional activity was scored as 1 if the participant’s
work was mostly sedentary and 2 if he worked out-
side or if the job required a lot of lifting and walk-
ing. In the present study, we excluded all partici-
pants who reported a score of 2 for their
occupational activities.

Questions about alcohol intake included items
about the type of alcoholic beverage, the weekly
frequency of alcohol consumption, and the usual
amount consumed daily. Alcohol intake was con-
verted to total alcohol consumption (in milliliters of
ethanol per day) by using standard Japanese tables.
Current and past smoking habits were classified ac-
cording to the type and quantity of cigarettes
smoked daily. Participants were classified as current
smokers, past smokers, or nonsmokers.

Hypertension was also diagnosed during the bi-
ennial study clinical examinations. All participants
underwent medical screening by a physician at least
once annually, and hypertension was also diagnosed
by the physicians. Hypertension was defined by
using World Health Organization criteria as physi-
cian-diagnosed hypertension (systolic blood pres-
sure = 160 mm Hg, diastolic blood pressure = 95
mm Hg, or both) or use of antihypertensive medi-
cation (16).
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Statistical Analysis

Age-adjusted mean values and relevant popula-
tion characteristics were computed for the duration
of the walk to work by using analysis of covariance
for continuous variables and the direct method for
categorical variables.

For each participant, person-years of follow-up
were counted from the date at study entry to the
date of diagnosis of hypertension or 1 April 1997,
whichever came first. The rate of follow-up was
94% of the total potential person-years of follow-
up. Multivariate Cox proportional hazards regres-
sion models were used to evaluate the simultaneous
effects of the duration of the walk to work, the
frequency of leisure-time physical activity, age, body
mass index, daily alcohol consumption, smoking sta-
tus, and fasting plasma glucose level. Baseline sys-
tolic and diastolic blood pressure were not included
in our primary analyses because they could presum-
ably be in the causal pathway between the expo-
sures (such as physical activity, age, body mass in-
dex, and alcohol consumption) and risk for
hypertension. However, we included systolic and di-
astolic blood pressure in further models to assess
the effect of physical activity on the risk for hyper-
tension independent of their effects on systolic and
diastolic blood pressure. The linear trends in risks
were evaluated by entering indicators for each cat-
egorical level of exposure or by using the median
value for each category. As a reference category, we
used men with the lowest level of physical activity.

To address the potential misclassification of lei-
sure-time physical activity over time, additional
analyses were performed on the basis of the data at
both study entry (1981 to 1990) and the examination
done 4 years after (1985 to 1994) each participant
was enrolled. We also performed analyses that ex-
cluded participants who developed hypertension be-
tween study entry (1981 to 1990) and the third
examination done 4 years later (1985 to 1994).

We calculated the 95% CI for each relative risk
(17), and all P values are two-tailed. Statistical analy-

ses were performed by using the SPSS 7.5J software
package (SPSS, Inc., Chicago, llinois).

We estimated the “number needed to walk,” a
value analogous to the “number needed to treat.”
The number needed to treat for a given therapy is
the reciprocal of the absolute risk reduction for that
treatment (18). A 95% CI for the number needed
to treat is obtained simply by taking reciprocals of
the values defining the 95% CI of the absolute risk
reduction (19). In our study, the number needed to
walk was defined as the number of men who would
have to adopt walking to avoid a single case of
hypertension. The number needed to treat must
always be based on an outcome for a specific period
of time (20); thus, in estimating the number needed
to walk, we chose an observation period of 10 years
between study entry (1981 to 1986) and the exami-
nation done 10 years after (1991 to 1996) each
participant was enrolled.

Role of the Funding Source

The funding agencies did not participate in the
collection, analysis, or interpretation of data pre-
sented in this report or in the decision to submit the
manuscript for publication.

Results

Of the 6104 men eligible for this study between
1981 and 1990, we excluded 87 men who did not
undergo medical check-ups during the follow-up
period. The study sample for analysis consisted of
6017 men. During the 59 784 person-years of follow-
up between 1981 and 1997, 626 men developed
hypertension. As the duration of the walk to work
increased, body weight and the body mass index
decreased (P for trend = 0.037 and 0.035, respec-
tively) (Table 1). We identified no significant rela-
tion between the duration of the walk to work and
the levels of leisure-time physical activity (P for
trend = 0.062).

Table 2. Relative Risk for Hypertension According to Duration of the Walk to Work
Variable Person-Years Cases of Multivariate Further
of Follow-up Hypertension, n Relative Risk Multivariate
(95% Cly* Relative Risk
(95% Clyt
Walk to work#
0-10 minutes 30796 337 1.00 (reference) 1.00 (reference)
11-20 minutes 23266 242 0.91 (0.77-1.08) 0.88 (0.75-1.04)
=21 minutes 5722 47 0.70 (0.59-0.95) 0.71 (0.52-0.97)

Walk to work as a continuous variable (per 10 minutes)

0.88 (0.78-0.98) 0.88(0.79-0.98)

* Adjusted for age, body mass index, alcohol consumption, leisure-time physical activity (regular physical exercise at least once weekly or less than once weekly), smoking status (current

smoker, past smoker, or nonsmoker), and fasting plasma glucose level.

t Adjusted for age, body mass index, alcohol consumption, leisure-time physical activity (regular physical exercise at least once weekly or less than once weekly), smoking status (current
smoker, past smoker, or nonsmoker), fasting plasma glucose level, systolic blood pressure, and diastolic blood pressure.

$ P for trend = 0.02 for multivariate relative risk and further multivariate relative risk.
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Table 3. Relative Risk for Hypertension According to Leisure-Time Physical Activity

Regular Physical Exercise Person-Years Cases of Multivariate Further
of Follow-up Hypertension, n Relative Risk Multivariate
(95% Chy* Relative Risk
(95% ChHt
At least once weekly
At study entry (1981-1990)f
No 40 644 461 1.00 (reference) 1.00 (reference)
Yes 19 140 165 0.70 (0.59-0.84) 0.70(0.59-0.84)
From study entry (1981-1990) to the third examination (1985~-1994)§
No at both time points 29934 262 1.00 (reference) 1.00 (reference)
Yes at both time points 10734 68 0.64 (0.49-0.84) 0.61(0.47-0.80)
Frequency (times per week)#||
0 40 644 461 1.00 (reference) 1.00 (reference)
1 6058 42 0.62 (0.45-0.85) 0.65 (0.47-0.90)
=2 13 082 123 0.74 (0.60-0.90) 0.72 (0.59-0.88)

* Adjusted for age, body mass index, alcohol consumption, duration of walk to work (as a continuous variable), smoking status (current smoker, past smoker, or nonsmoker), and fasting

plasma glucose level.

t Adjusted for age, body mass index, alcohol consumption, duration of walk to work (as a continuous variable), smoking status (current smoker, past smoker or nonsmoker), fasting

plasma glucose level, systolic blood pressure, and diastolic blood pressure.

+ Based on data of leisure-time physical activity from the study entry and including cases of hypertension from 1981 through 1997.
§ Based on data of leisure-time physical activity from the study entry (1981 to 1990) and the third examination four years later (1985 to 1994) since each participant was enrolled and
excluding cases of hypertension during the first 4-year follow-up period since each participant was enrolled.

Il P for trend < 0.001 for multivariate relative risk and for further multivariate relative risk.

Duration of the Walk to Work

The duration of the walk to work was associated
with a decreased risk for incident hypertension
(Table 2). After adjustment for age, body mass in-
dex, daily alcohol consumption, smoking status,
frequency of leisure-time physical activity, systolic
blood pressure, diastolic blood pressure, and fasting
plasma glucose level, the relative risk for hyperten-
sion was 0.71 (95% CI, 0.52 to 0.97) in men whose
walk to work lasted 21 minutes or more compared
with those whose walk to work lasted 10 minutes or
less.

To further quantify the effect of the duration of
the walk to work on hypertension, we modeled this
duration as a continuous variable. The results sug-
gested that the multivariate-adjusted risk for hyper-
tension was reduced by 12% when the duration of
the walk to work was increased by 10 minutes (rel-
ative risk, 0.88 [CI, 0.79 to 0.98]). Adjustments for
other factors, including systolic blood pressure and
diastolic blood pressure, did not influence our esti-
mates of the relative risk.

Leisure-Time Physical Activity

Compared with men who engage in regular phys-
ical exercise less than once weekly, the multivariate-
adjusted relative risk for hypertension in men who
engaged in regular physical activity at least once
weekly was 0.70 (CI, 0.59 to 0.84) (Table 3). Further
adjustments for other factors changed the risk esti-
mate only slightly. When we examined the data
obtained at study entry (1981 to 1990) and at the
third examination 4 years after each participant was
enrolled (1985 to 1994), excluding cases of hyper-
tension identified during the first 4-year follow-up
period, we found that the multivariate-adjusted rel-

ative risk for hypertension was 0.64 (CI, 0.49 to
0.84) among men who engaged in regular physical
exercise at least once weekly at both time points
compared with those who reported regular physical
exercise less than once weekly at both time points.
Adjustments for other factors did not influence our
estimates of the relative risk.

We also analyzed the association between the
frequency of regular physical exercise and the risk
for hypertension. The risk for hypertension was de-
creased even in men who engaged in regular phys-
ical exercise only once weekly. The multivariate-
adjusted relative risk for hypertension decreased
from 1.00 for exercise less than once weekly (refer-
ence category) to 0.62 for once-weekly exercise (CI,
0.45 to 0.85) and to 0.74 for exercise two or more
times weekly (CI, 0.60 to 0.90). Adjustments for
other factors did not influence our estimates of the
relative risk.

Number Needed To Walk

Between 1981 and 1986, we enrolled 4410 nor-
motensive men 35 to 60 years of age with normal
glucose intolerance and no history of hypertension
or diabetes at baseline. During 10 years of follow-
up, 375 men developed hypertension. For men
whose walk to work lasted 21 minutes or more
compared with men whose walk to work lasted 10
minutes or less, the absolute risk reduction was
0.038 (CI, 0.0377 to 0.0383) and the number needed
to walk was 26.3 (CI, 26.1 to 26.5). For men who
reported an 11- to 20-minute walk to work, the
absolute risk reduction was 0.009 (CI, 0.0088 to
0.0092) and the number needed to walk was 111.1
(CI, 108.7 to 113.6) compared with men whose walk
to work was 10 minutes or less (Table 4).
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