be due to structural changes in work life and society. Low social
status [33] and various negative life events, those of loss in
particular, are important factors in depression [48]. Physically
active people may also have a higher education, and they also
may have acquired the habit of physical exercise as a conse-
guence of good psychological health.

Former studies suggest that anxiety and depression may also
result from stressful life episodes that threaten one's safety
[12,48]. Our study also shows a connection between negative
life events and depression, in agreement with earlier studies
that have shown the association of negative life events with
illnesses [12,48]. Finlay-Jones and Brown [12] claim that people
are more vulnerable to anxiety if they face stressful events in
their lives which make them generally insecure. In addition,
anxiety sufferers may also generally suffer from various depres-
sive conditions [20]. As far as family relations are concerned, our
results agree with earlier results where depression was shown to
occur more frequently with divorced or widowed people [33].
According to our study, marital status had no connection with
anxiety, but according to Lehtinen et al. [34] anxiety disturb-
ances are more common with men living in common-law mar-
riages.

Regarding lifestyle, our study shows that moderate use of alco-
holic beverages appears to slightly protect against depression,
while none of the life style factors associated with anxiety. In
general, those with alcohol abuse or dependence in particular
frequently show depression [15] and also anxiety sufferers often
show signs of alcoholism as well [16]. Prior adjustment for per-
sonality and interaction effects might account for the results,
but also because of between-study differences in cultures,
sample definitions, study design and measures. It is possible
that those with the most severe alcohol problems did not partici-
pate in both surveys of our longitudinal study, or that use of alco-
hol was not stable over the 10-year follow-up period.

When examining the results of this study, certain limitations
should be observed. In generalising from the results of this study,
one should be careful because the study sample includes former
male athletes who ended their sports career before answering
the questionnaires. In addition, our data is based on only self-re-
ported measures, and misclassification may have influenced the
results, too. In this study, the questions on mood were used as a
scale of mood in general, i.e. as an assessment of symptoms of
anxiety and depressiveness; therefore our results may not be
directly relevant to patients with clinical depression. Further,
one should keep in mind that this model is only a weak predictor
of depression and anxiety at the level of the individual.

In general, epidemiological studies suggest that the prevalence
of depressive symptoms increases somewhat with age [9,24].
Ageing makes sport and physical activity on the whole more im-
portant, because the studies of the connections between physical
activity and depression have corroborated the view that reduc-
tion in physical activity increases depressive inclination
[39,46,53]. Physically active middle-aged and aged people suffer
less from depression than their passive age-mates [6,40,59].
People who have been physically active during most of their
adult life or at least for several years have been noted to have a

better psychological health than is the case with physically inac-
tive people, but no reliable causal relations can be shown. The
possible improvement of psychological health as a consequence
of physical health seems to be related to the habit of physical
exercise itself rather than to improved physical fitness.

Our study shows that increasing physical activity in general is
protective against depression, but it appears to have no effect
on anxiety. These results can be used e.g. in planning health-pre-
serving physical exercise programs. In any case, determining the
effect of prevention needs further studies of the connections
between physical activity, personality traits and illnesses.
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Physical activity in relation to development and
maintenance of obesity in men with and without
juvenile onset obesity

H Bak!, L Petersen! and TIA Sgrensen’?*
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and *Copenhagen City Heart Study, Copenhagen University Hospital, Denmark

OBJECTIVE: To examine long-term effects of leisure time physical activity (Itpa) and occupational physical activity (opa) on
later obesity, and to examine the effect of body weight on later physical inactivity in men with and without juvenile onset
obesity.

DESIGN: Population-based longitudinal study of obese and nonobese men, who were identified as draftees of median age of
19y in 1943-77 and later examined at general health surveys in 1982-84, and in 1991-93.

SETTING: Copenhagen and adjacent regions, Denmark.

PARTICIPANTS: In all, 1143 juvenile obese men with a BMI >31kg/m? (corresponding to 35% overweight by an originally
used national standard) at draft board examination, and, as a nonobese control group, 1278 men selected as a 0.5% random
sample of the approximately 255600 men examined at the draft board and thus representing the study population.

MAIN OUTCOME MEASURES: Obesity, defined as BMI >30kg/m?, and physical inactivity at the last survey.

RESULTS: In the cross-sectional analyses, there were strong concurrent inverse associations between Itpa and prevalence of
obesity in both groups, whereas there was no relation to opa. In logistic regression analyses of obesity at the last survey,
including both Itpa and opa as well as age, BMI at draft board examination, BMI at first follow-up, length of education, smoking
and drinking habits, there were no significant effects of Itpa and opa on the risk of development of obesity in the nonobese
group or maintenance of obesity in the obese group. Similar analyses of physical inactivity at the last follow-up as outcome
showed a significant direct effect of BMI at first follow-up, with a significant trend in the nonobese group, but not in the obese
group and no effects on opa.

CONCLUSION: There is no long-term influence of physical activity on development and maintenance of obesity in men,
whereas greater body weight increases risk of later physical inactivity during leisure time.
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Introduction

A sedentary life style is assumed to play an important role in
development and maintenance of obesity. -4 physical activ-
ity as assessed in one point in time has a long-lasting effect
on obesity-related factors such as blood lipids, insulin
sensitivity, and on incidence of and the risk of dying from
cardiovascular disease.>® Numerous studies have shown in
inverse relationship between body weight and physical
activity, but prospective studies of the effect of physical
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Kommunehospitalet, DK-1399 Copenhagen, Denmark.
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activity on weight changes and obesity have given incon-
sistent results.®

When the relationship between physical activity and
obesity is investigated, it is essential to achieve an appro-
priate temporal sequence. Most prospective studies have
used data on physical activity and body weight both at
baseline and at follow-up, which confounds the possible
effects of physical activity on obesity with the possible
effects of obesity on physical activity. From such analyses of
concurrent changes, it is impossible to determine which
change occurred first, and therefore they give no informa-
tion on the possible causal direction. Moreover, the weight
history until baseline assessment may confound the pro-
spective relationship. Thus, obese subjects who had lost
weight and increased physical activity and who thereafter
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regain body weight, would create a spurious association of
high physical activity and later obesity.

The purpose of this study was to examine the long-term,
possibly bidirectional, relation between leisure time physical
activity (Itpa) and occupational physical activity (opa) and
maintenance and development of obesity in men with and
without juvenile onset obesity.

Subjects and methods

Study population

The study population comprised 362200 young Danish
males, who had been examined by the draft boards of the
metropolitan area of Copenhagen and the surrounding
counties from 1943 to 1977. The study sample consisted of
two groups selected at draft board examination: a group of
men with juvenile onset obesity and a nonobese control
group. The obese group included 1143 men with at least 35%
overweight according to an originally used national stan-
dard, which corresponds to a body mass index (BMI, weight
in kg divided by height in meters squared, kg/m?) of at least
31.0kg/m>. Being obese as young men at the draft board
examination, they have developed the obesity in childhood
or adolescence, wherefore they are denoted ‘juvenile obese’.
As a control group, a 0.5% random sample was selected from
among all men at draft board examination in the same
region and time period. After exclusion from the control
group, the men for whom height and weight measurements
were unavailable and exclusion of the obese control subjects
who were already included in the obese group, the nonobese
control group comprised 1278 men. All men in the study
sample were invited to participate in two general health
surveys conducted by the Copenhagen City Heart Study in
1982-84 and in 1991-93, follow-ups 1 and 2, respectively.

Draft board examination

In Denmark, the draft board examination was obligatory
during the study period, and the men were usually examined
between the ages of 18 and 26y. At the draft board
examination, all men underwent systematic examination
including measurement of standing height (without shoes)
and weight (in underwear only), and obesity was not an
acceptable reason for exemption from examination.’

Follow-up studies

At the first follow-up survey (follow-up 1) performed from
1981 to 1983, 964 participated from the juvenile obese
group, and 1134 from the control group. In the second
follow-up survey (follow-up 2) performed from 1991 to 1994,
792 juvenile obese and 918 controls participated. At the
surveys, height and weight measurements were performed,
and information was collected about physical activity,
length of education, smoking habits, and alcohol consump-
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tion from a self-administered questionnaire. Details of the
study design and methods have been published previously.®

Physical activity

Ltpa was graded into four levels: (1) inactivity: none, or less
than 2h/week; (2) medium activity: 2-4h of light exercise
per week; (3) high activity: 2-4h of moderate exercise per
week, and (4) very high activity: more than 4h of exercise
per week. In this study, the group at level 4 was too small to
be kept separate, and it was therefore included in the group
of those at level 3. Opa was classified into four levels: (1)
sitting; (2) standing; (3) walking; and (4) lifting or heavy
work.

Statistical analyses

The strategy of the analyses was based on the research
questions raised. For the first series of analyses, the questions
were: What is the relation between physical activity and the
risk of maintaining obesity among obese subjects, and what
is the relation between physical activity and risk of later
development of obesity among nonobese subjects? Thus, the
population at the risk of the outcome had to be defined as
subjects in whom the outcome had not yet occurred at
baseline, that is, follow-up 1. The juvenile obese men and
nonobese controls had to be analysed separately due to the
differences in the questions addressed. In the second
analysis, the question addressed was whether BMI at one
point in time affected later risk of being physically inactive.
The population at risk was, not restricted to those being
physically active at baseline and the two groups of men was
analysed together although separate estimates of the rela-
tions were obtained.

Logistic regression was used in all analyses. In the group of
juvenile obese the effect of Itpa and opa on subsequent odds
of maintenance of obesity was analysed (having BMI
>30kg/m? at second follow-up among those with BMI
above 30kg/m? at first follow-up). In the control group the
effect of Itpa and opa on subsequent odds of development of
obesity was analysed (having BMI >30kg/m? at second
follow-up among those with BMI below 30 at first follow-up).
Similar analyses were conducted with physical inactivity at
follow-up 2 as outcome, although in these analyses, the
physically inactive subjects at follow-up 1 were included and
a common model for the juvenile obese and nonobese
controls were made.

Analyses of ltpa were adjusted for opa and vice versa. In
order to adjust for potential confounding, the models
included age (continuous variable), BMI at draft board and
at the first follow-up study (continuous variables), length of
education (years in school: <7; 8-11; and >12y), smoking
habits (never, ex-smoker, 1-14, 15-24, and >25g tobacco/
day), and alcohol consumption (<1, 1-7, 8-21, 22-35, and
>35S unit/week). Confounders included in the cross-sec-
tional analysis are mentioned in the table footnote, and



are used as described above. In all the analyses, the linearity
of age effects were tested and confirmed (likelihood ratio
test).

In all the analyses, a 5% significance level was used, and
the estimated odds ratios are given with 95% confidence
limits (CI). Data analyses were performed using statistical
analysis system (SAS, version 8).

Results

Tables 1 and 2 show the distribution of age, BMI, and
proportion of obese for the juvenile obese and control
groups at the draft board examination, and at the first and
second follow-up surveys. The greatest increase in median
BMI was seen in the control group (Table 1). Most of the
control and juvenile obese men were physically active in

Table 1 Number, age and BMI at draft board examination, and prevalence
of obesity (BMI >30kg/m?), follow-ups 1 and 2

Age (y)®

BMI (kg/m?)

Number Median Range Median Range Obese %

Draft board examination
Controls 1278 19 18-31 21.4
Juvenile obese 1143 19 18-31 32.6

15.7-30.9
31.0-51.8

Follow-up 1 (1981-83)
Controls 1134 36 22-62 244
Juvenile obese 964 32 22-64 33.6

15.9-40.4 5.6
18.4-74.4 79.4

Follow-up 2 (1991-94)
Controls 918 46 34-74 25.7
Juvenile obese 792 42 34-75 349

16.2-45.1 131
19.9-63.7 85.4

At the follow-up examinations, the control group was older than the juvenile
obese group, because there had been an increase in prevalence of obesity
during the study period of draft board examinations, resulting in a relative
increase in the younger part of the juvenile obese group.
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leisure time at both surveys, but there was a tendency to a
decrease in the level of Itpa from follow-ups 1 to 2 in both
groups (Table 2). At both surveys, there were more inactive
juvenile obese men than controls. The opposite was seen
regarding opa, where the juvenile obese group was more
physically active in general than the controls. There was a
decreasing activity level in opa from the first to the second
follow-up survey in both groups.

Table 2 shows the cross-sectional analyses of the data from
the follow-up studies. There was a distinct inverse associa-
tion between ltpa and obesity in both groups, which was
significant as a trend in all analyses except at follow-up 2 in
the juvenile obese group. There was no clear association
between opa and obesity in either group. At the first follow-
up, there was a tendency to increased odds ratios with higher
level of opa, but the opposite was seen at the second follow-
up.

Table 3 shows the changes in BMI from follow-ups 1 to 2
by ltpa and opa at follow-up 1 for the control and juvenile
obese groups. There was no consistent trends across the
levels of physical activity. The greatest increase in median
BMI was found at the high level of Itpa in both groups.

As shown in Table 4, there were no significant effects of
previous ltpa and opa (at follow-up 1) on development or
maintenance of obesity at the second follow-up for control
and juvenile obese subjects, respectively. Adjustment for the
confounders did not change the crude estimates. There were
no clear associations between opa and presence of obesity at
the last follow-up in either group.

The proportion of the subjects who were physically
inactive in leisure time at follow-up 2 increased by increasing
BMI at follow-up 1 in the control group and showed
generally higher proportions in the juvenile obese group
(Table 5). The odds ratios for physical inactivity were
estimated in a common model for the juvenile obese and
the controls and including BMI at draft board and first
follow-up, and opa, age, length of education, smoking and

Table 2 Percentage distribution and odds ratios (OR)® with 95% confidence intervals for obesity (BMI = 30kg/m?) from the cross-sectional analysis of leisure time
(Itpa) and occupational (opa) physical activity at the first and second follow-up surveys for the control and juvenile obese subjects
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Controls Juvenile obese
Follow-up 1 Follow-up 2 Follow-up 1 Follow-up 2
% OR % OR % OR % OR

Ltpa

Inactive 71 1 9.5 1 151 1 16.4 1
Medium 41.0 1.21 (0.47-3.10) 44.6 0.73 (0.38-1.39) 43.7 0.48 (0.26-0.88) 48.6 0.59 (0.28-1.26)
High 519 0.49 (0.18-1.35) 45.9 0.39 (0.20-0.78) 41.1 0.32 (0.17-0.58) 35.0 0.48 (0.22-1.04)
Opa

Sitting 29.7 1 345 1 21.4 1 25.0 1
Standing 28.3 2.21 (1.00-4.90) 29.4 1.31 (0.77-2.25) 20.2 1.18 (0.72-1.93) 233 0.77 (0.39-1.52)
Walking 26.6 2.17 (0.95-4.97) 24.0 0.90 (0.49-1.66) 30.6 1.70 (1.05-2.76) 28.6 0.65 (0.33-1.26)
Lifting 15.4 3.33 (1.36-8.11) 12.2 0.85 (0.40-1.80) 27.8 1.03 (0.63-1.68) 231 0.58 (0.29-1.19)

?Adjusted for opa or ltpa, age, length of education, smoking and alcohol habits.
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alcohol drinking reported at follow-up 1 (Table 6). It showed
a significantly increasing trend in odds ratios for physical
inactivity by increasing BMI at first follow-up in the control
group (P<0.02), no trend in the juvenile obese group, which
generally had higher odds ratios. A corresponding analysis of
low opa showed no significant trends (Table 6).

Discussion

In this study, we found no support to a long-term effect of
ltpa on development or maintenance of obesity. We did find
a concurrent inverse association between ltpa and obesity for
both juvenile obese and nonobese men, which is in
agreement with previous cross-sectional studies.’® The
results indicate that body weight is a strong predictor of
later physical inactivity in leisure time, possibly explaining
the cross-sectional relationships. There were no significant
relations in either direction between opa and obesity or body
weight in the two groups.

Table 3 Change in BM! units (median and 95% percentiles) from the first to
the second follow-up surveys by leisure time (Itpa) and occupational physical
activity (opa) at follow-up 1 for control and juvenile obese subjects

Control Juvenile obese
n Median 95% PC* n Median 95% PC

Ltpa

Inactive 43 1.17 -0.73-4.56 81 1.41 —6.10-7.83
Medium 292 1.30 -1.37-4.45 213 0.56 ~5.91-7.26
High 402 .36 —0.94-4.92 185 2.05 -3.32-10.0
Total 737 1.31 —1.27-4.61 479 1.37 —4,95-8.58
Opa

Sitting 231 1.37 —1.05-4.48 92 2.08 -5.28-8.05
Standing 219 1.46 —0.84-5.48 96 0.77 —6.68-7.26
Walking 187 1.35 -1.31-4.38 163 1.40 —3.48-9.23
Lifting 95 1.12 -1.59-5.13 128 1.37 —4.33-9.44
Total 732 1.33 ~1.27-4.61 479 1.37 —4.95-8.58

#PC: percentiles.

The advantage of our study is that the study design is
prospective, with an objective measure of height and weight
(BMI) at three points in time, and that the analysis of the
relationships respects this design. The study is without recall
bias in the assessment of physical activity, and misclassifica-
tion in BMI due to possible differential errors in reporting is
therefore beforehand avoided. Despite being a relatively
rough measure of physical activity, our results confirmed the
expected concurrent inverse association for ltpa, and
demonstrated that BMI could predict later physical inactiv-
ity. Moreover, earlier studies using the same measure have
shown strong predictive values of ltpa in relation to total
mortality and incidence of cardiovascular disease.'*'® There-
fore, we would expect that the physical activity measure
would be able to pick up a relationship to later obesity, had it
existed.

Table 5 Number of subjects and percentages being inactive during leisure
time or occupationally at second follow-up survey by BMI level at follow-up 1
for control and juvenile obese subjects

Control Juvenile obese
n Inactivity (%) n Inactivity (%)

Ltpa

BMI

15-21 143 7.0 0 e
22-24 273 7.3 0 —
25-29 287 11.9 131 16.0
30-34 38 21.1 254 13.8
35— 0 — 215 19.5
Total 741 9.7 600 12.7
Opa

BMI

15-21 135 38.5 0 —_
22-24 252 39.3 0 —_
25-29 258 31.8 117 29.1
30-34 31 25.8 242 231
35- 0 — 193 22.8
Total 676 35.7 552 24.3

Table 4 Prospective analysis of odds ratios (OR) with 95% confidence intervals for obesity (BMI >30kg/m?) at follow-up 2 as determined by physical activity in
leisure time (Itpa) and occupational physical activity (opa) at follow-up 1 for control and juvenile obese

Control

Juvenile obese

Crude OR

Adjusted OR?

Crude OR

Adjusted OR?

Ltpa
Inactive
Medium
High

Opa
Sitting
Standing
Walking
Lifting

1
1.24 (0.36-4.25)
1.12 (0.32-3.86)

1
1.87 (0.83-4.21)
1.19 (0.52-2.72)
0.75 (0.25-2.26)

1
1.17 (0.31-4.49)
1.10 (0.28-4.34)

1
2.16 (0.92-5.11)
0.99 (0.38-2.53)
0.67 (0.21-2.16)

1
0.74 (0.23-2.35)
1.90 (0.54-6.72)

1
0.75 (0.25-2.25)
1.38 (0.48-3.96)
1.06 (0.36-3.12)

1
0.75 (0.22-2.58)
1.72 (0.46-6.39)

1
1.00 (0.29-3.39)
1.75 (0.54-5.62)
1.09 (0.32-3.67)

*Adjusted for opa or ltpa, respectively, age, length of education, smoking and alcohol habits, BMI at draft board and the first follow-up.
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Table 6 Prospective analysis of odds ratios (OR) with 95% confidence intervals for inactivity at follow-up 2 during leisure time and occupationally as determined by
BM I level at follow-up 1 for control and juvenile obese

Control Juvenile obese

Adjusted OR®

Crude OR

Adjusted OR®

1.14 (0.50, 2.61)
1.97 (0.87, 4.49)
3.07 (0.96, 9.88)

1.36 (0.78, 2.38)
1.11 (0.60, 2.05)
2.04 (0.65, 6.42)

Crude OR
Ltpa
BMI
15-21 1 1
22-24 1.22 (0.54, 2.75)
25-29 2.16 (0.97, 4.82)
30-35 3.63 (1.16, 11.3)
35- — —
Opa
BMI
15-21 1 1
22-24 1.31 (0.76, 2.23)
25-29 0.96 (0.54, 1.73)
30-35 1.78 (0.60, 5.31)
35- — —

3.43 (0.91, 12.9)
2.42 (0.66, 8.77)
3.13 (0.81,12.1)

1.11 (0.35, 3.55)
0.86 (0.28, 2.60)
0.91 (0.28, 3.01)

3.21 (0.84,12.3)
2.20 (0.60, 8.08)
2.79 (0.70, 11.0)

1.41 (0.42, 4.71)
1.15 (0.36, 3.68)
1.34 (0.38, 4.64)

?Adjusted also for opa or Itpa, age, BMI at draft board, length of education, smoking and alcohol habits.

Earlier studies respecting the temporal sequence of
possible causes and effects have given inconsistent results.?
Williamson et al® found no relationship between baseline
physical activity and subsequent weight gained over a 10y
period in 3515 men and 5810 women. In a prospective 10-y
follow-up study of 2564 men and 2695 women, Haapanen
et al'® found an inverse relation between baseline physical
activity level and body mass gain over 5kg and BMI >26kg/
m? at the follow-up for men, but no relation for women, but
in this study there were no adjustment for baseline BMI.
Parker et al'’ found no association between ltpa and weight
gain over 4y period among 465 individuals, but did not
show the results. A 3-y follow-up study performed by Klesges
et al,"® showed no relation between baseline sports activity
and weight gain over a 2y period for 142 men and no
relation with ltpa for women. In a 2-y longitudinal study,
Bild et al'® found no relation between baseline physical
activity and prediction of weight gain among 979 black men,
and a direct relation between physical activity and weight
gain among 1100 white men.

We found no support for the hypothesis that Itpa prevents
obesity in the long run, which seems in conflict with the
results from our cross-sectional analysis as well as with the
theory of energy balance. According to this theory, changes
in energy stores are equal to energy intake minus energy
expenditure. Therefore, it was expected that higher levels of
Itpa could prevent obesity. This would require that the
increased expenditure is fully compensating for an increased
energy intake, which according to studies in free-living
women may not be the case, at least in the short term.?° In
the present setting of large groups of free-living individuals,
assessed at long time intervals, it is not relevant to apply the
energy balance equation in the interpretation, since valid
assumptions about the changes of the components of the
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equation, including possible primary changes in the fat-
storing process, cannot be made.

It is reassuring that a concomitant analysis of the long-
term relation between physical activity, assessed by the same
measures, and obesity in a different study population
followed over many years essentially gave the same results.>!
In that study, it was moreover possible to take into account
the possible effects of changes in physical activity in the
period before the time period in which the changes in body
weight were observed. This analysis showed no effect of such
changes on the risk of later obesity, especially no increased
risk of obesity followed among those with a decrease in
physical activity. That study also discusses the various types
of selection bias that may come from the unavoidable
attrition during the very long time of follow-up of the
population. In principle, the arguments presented in that
study are valid in the present study.

Our results do not exclude a short-term link between
physical activity and fat accumulation, in agreement with
the expectation based on the enexgy balance equation. On
the other hand, in a public health perspective, it is essential
to demonstrate the long-term relationships in the free-living
population. Even though there may be fundamental biolo-
gical differences between weight gain in nonobese subjects
and weight loss in obese subjects, it should be emphasized
that our results may be relevant to strategies for prevention
of obesity as well as strategies for management of already
developed obesity.

The study clearly demonstrated that the greater the BMI,
the greater the likelihood of being physically inactive in
leisure time later in life, but not during work, even when
taking into account original level of physical activity,
preceding weight history as well as other pertinent beha-
viours. The tendency to reduced physical activity may be due
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to increasing discomfort by increasing body weight caused
by for example musculoskeletal problems and breathless-
ness.

In conclusion, these findings suggest there are no long-
term effects of Itpa and opa on development or maintenance
of obesity in men who as young adults were either nonobese
or had developed juvenile obesity. Irrespective of body
weight changes and obesity, there are several well-documen-
ted short- and long-term health benefits from a lifestyle that
includes regular physical activity, for example a reduction in
the risk of cardiovascular disease mortality, and a reduced
risk of type II diabetes mellitus, also in the obese.
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ABSTRACT

BESSON, H., U. EKELUND, S. BRAGE, R. LUBEN, S. BINGHAM, K. KHAW, and N. J. WAREHAM. Relationship between
Subdomains of Total Physical Activity and Mortality. Med. Sci. Sports Exerc., Vol. 40, No. 11, pp. 1909-1915, 2008. Purpese: The
purpose of this study was to describe the association of the overall and domain-specific physical activity on all-cause and cardiovascular
mortality. A large body of epidemiological evidence suggests a strong and consistent inverse association between physical activity and
mortality risk. However, it is unclear how this association varies according to the domain of life in which the activity takes place.
Methods: In an English population-based cohort of 14,903 participants (mean age = 63 yr), total and domain-specific physical activity
was assessed using a validated questionnaire (EPAQ2). After a median follow-up of 7 yr, there were 1128 deaths, with 370 from
cardiovascular disease. Results: The relative risks (95% confidence interval) for all-cause mortality due to physical activity
undertaken at home, during exercise, at work, for transport, and in total were 0.81 (0.66-0.99), 0.66 (0.54-0.80), 0.84 (0.55-1.30),
0.82 (0.67-1.00), and 0.77 (0.61-0.98), respectively, after adjustment for bascline age, sex, social class, alcohol consumption,
smoking status, history of diabetes, history of cancer, and history of cardiovascular disease and stroke. Cardiovascular mortality
was inversely associated with physical activity undertaken at home (P for trend = 0.03), during exercise (P for trend = 0.001), and in
total (P for trend = 0.007). The results were unchanged after excluding individuals with a history of heart disease, stroke, and cancer at
baseline and those who died within the first 2 yr of follow-up. Conclusions: In this study, physical activities at home and during
exercise are associated with lower risk of mortality, whereas occupational and transportation-related activities are not. Promoting the
potential benefits of physical activity undertaken at home and during exercise may be an important public health message for aging
populations. Key Words: HOME, SPORT, EXERCISE, CARDIOVASCULAR, EPIC-NORFOLK

S3IDN3IDS DIsvd

hysical activity is undertaken in different contexts or data on associations between physical activity undertaken at

domains: at home, during work, for transportation,

and for sport or exercise. Although a large body of
evidence suggests an independent dose-response associa-
tion between measures of physical activity and mortality
(7,13,33), there is considerable heterogeneity in how
physical activity was assessed in these studies and in the
nature of the populations studied, with some being defined
by occupation, thus limiting variation in that specific
domain. Two previous European studies (4,5) have inves-
tigated the domain-specific associations of physical activity
with mortality. However, none of these studies provided
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home and mortality. This information may be important
because activities performed in different domains of life are
likely to differ between men and women, which may affect
the physical activity disease associations. A recent study
from China suggested an independent association between
domestic physical activity and mortality (23) but only in
women.

Recently, we reported a 32% lower all-cause mortality risk
among the active compared with the inactive participants in
the EPIC-Norfolk study using a simple overall index of
physical activity that was calculated from a questionnaire
administered at baseline (19). In a later phase of the EPIC-
Norfolk project, we collected more detailed information on
domain-specific activity (34), which has now allowed us to
extend our previous observations by examining the separate
associations of each domain of physical activity with all-
cause and cardiovascular mortality.

METHODS

Participants and methods. The European Pros-
pective Investigation into Cancer (EPIC) study is a
prospective cohort study designed to investigate the
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etiology of major chronic diseases. From 1993 to 1997,
EPIC-Norfolk (UK) recruited a population-based cohort of
25,639 men and women aged 45-79 yr, identified from
participating general practice lists. Between January 1998
and October 2000, 14,905 of these attended the second
health check and completed the EPIC Physical Activity
Questionnaire (EPAQ2) (31). Written informed consents
were obtained from the participants, and The Norwich
Local Research Ethics Committee approved the study.
Detailed descriptions of the recruitment and study
methodology have been reported elsewhere (10).

Physical activity assessment. Physical activity was
assessed using the self-completed EPAQ2 questionnaire
that collects data on past year’s physical activity behaviors
in a disaggregated way so that the information may be
reaggregated according to the dimension of physical
activity of interest (34). The questionnaire consists of four
sections: activity in and around the home, during work,
commuting to work, and recreational physical activity. All
commuting and some domestic questions were designed
specifically for the study, whereas the questions on
occupational activity were derived from the validated
Modified Tecumseh Occupational Activity Questionnaire
(2). The recreational section of the EPAQ2 was derived
from the Minnesota Leisure Time Activity Questionnaire
(30), with 30 predetermined sports selected according to
their frequency and duration in a UK population (The
Sports Council and The Health Education Authority, 1992)
and six nonsportive activities, such as mowing the lawn,
watering the lawn, digging, weeding, DIY (do it yourself),
and playing music, which are considered activities
undertaken in or around the home. The frame of reference
for EPAQ?2 is the past year. EPAQ2 was validated against
repeated measures of free-living energy expenditure
estimated from a 4-d individually calibrated minute-by-
minute heart rate monitoring throughout a year suggesting
that the questionnaire is valid for ranking individuals (34).

A score for physical activity at home was calculated by
summing energy expenditure (MET-h-wk™!) derived from
questions on the number of flights of stairs climbed at home
and the frequency and duration of participation in activities
undertaken in or around the home, together with the energy
costs of these activities (1). The energy costs of sport and
exercise activities and a total sport physical activity score
(METh-wk™") were similarly calculated from the sum of
these individual activities. A score for transportation
physical activity was calculated by summing energy
expenditure (MET-h-wk ') derived from questions on how
people commute from home to work and how they usually
get about excluding work-related commuting. On the basis
of the same principle, an occupational physical activity
score (MET-h'wk™') was calculated using the reported
duration of work and self-categorization of activity level
at work. The different subdomains of physical activity
being mutually exclusive, a total physical activity score was
calculated by summing energy expenditure at home, work,

transportation, and sport or exercise. The participants
were then divided into four categories (inactive: <60
MET-h-wk™!; moderately inactive: between 60 and
90 MET-hwk™}; moderately active: between 90 and 120
MET-h-wk™!; active: >125 MET-h-wk ") on the basis of the
quartiles of the total physical activity scores. Similarly,
within each domain but with the exception of trans-
portation, quartiles of physical activity were computed.
For the transportation domain, activity categories were
based on tertiles of scores among participants reporting
some form of active commuting, and the lowest category
was composed of participants reporting no such activity. In
addition, we examined cycling and walking for trans-
portation separately; the lowest category was composed of
participants not reporting any cycling or walking activity,
respectively, and the remaining participants were divided on
the basis of the median of weekly duration of the given
activity.

Other exposure assessments. Trained nurses
carried out a health examination during a clinic visit.
Height and weight were measured in light clothes and
without shoes following standard clinical procedures. Body
mass index (BMI) was calculated as weight in kilograms
divided by meters squared (kg'm™2). Blood pressure was
measured using a sphygmomanometer (Accutorr) after 3
min of seated rest. Two measurements of blood pressure
were taken, and the mean of the readings was used
in analysis. Serum levels of total cholesterol were mea-
sured on fresh samples with RA 100 (Bayer Diagnostics,
Basingstoke, United Kingdom). Information on history of
heart attack, stroke, cancer, and diabetes was obtained by
self-report. Smoking status was classified into three
categories (current smoker, former smoker, or never
smoker); alcohol consumption was quantified in grams per
day (gd™'); and social classes were categorized into four
categories on the basis of the last reported occupation (1 =
professional occupations, 2 = managerial and technical jobs,
3 = skilled and partly skilled labor, and 4 = unskilled labor)
as previously described (19).

Follow-up. Individuals were flagged for death
certification at the UK Office of National Statistics (ONS),
with vital status ascertained for the whole cohort. The ONS
reports deaths in the cohort via a regular record linkage
system. Causes of deaths were classified as follows: (i)
death due to all causes; (i) death due to underlying
cardiovascular disease; (iii) death due to cancer; and (iv)
death due to all other causes (i.e., deaths not related to
cardiovascular disease or cancer). For our analyses, each
participant contributed person-time from the date of their
second health check until the date of death or the end of
follow-up at March 31, 2006. Of 14,905 participants who
completed the EPAQ2, two participants were lost to follow-
up, reducing the cohort of the present analysis to 14,903
participants and a total of 102,964 person-years.

Statistical analysis. The analysis of the association
between occupational physical activity and mortality being
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restricted to the subsample of working participants, the
main variables of interest have been described by working
status. The associations between the different levels of
physical activity and mortality were analyzed using Cox
regression analyses in which exit time was the earlier of
date of death or the end of follow-up. All regression models
were adjusted for baseline values of age, sex, smoking
status, alcohol consumption, social class, history of cancer
(yes or no), history of cardiovascular disease or stroke (yes
or no), and history of diabetes (yes or no). When examining
the domain-specific association of physical activity with
mortality, all analyses were additionally adjusted for the
other domains of activity. The inactive category was coded
as the reference category for all analysis. Linear trend tests
across levels of physical activity were performed using the
continuous variables in nonparametric multivariate Cox
models. Risk modification by sex, age, and BMI as well as
the interaction between the different domains of physical
activity were tested by adding the respective interaction
terms to the Cox model, and their significance was tested by
the likelihood ratio statistic.

Finally, we examined the effect of further adjustment for
BMI, systolic blood pressure, and total cholesterol on the
association between physical activity and mortality. All
analyses were repeated after excluding 187 participants who
died within 2 yr of follow-up and 1458 participants who
had a history of heart disease, stroke, or cancer. Departure
from the proportional hazards assumption was evaluated by
Schoenfeld residuals. Analyses were conducted using
Statistical Analysis System software version 9.1 (26).

RESULTS

The correlation coefficients between the scores from
different subdomains of activity are depicted in Table 1.
Physical activity at home was inversely correlated with
physical activity undertaken at work, and physical activity
during exercise was positively correlated with the physical
activity performed for transportation. None of the other
domains of activity were correlated to each other.

The characteristics of the participants stratified by work-
ing status are shown in Table 2. Nonworking participants
were 11 yr older, and 77% of the deaths occurred in this

TABLE 1. Pearsan correlation coefficients between the different subdomains of physical
activity.

Physical At For Sport For At
Activity Total Home or Exercise  Transportation Work?
Total 1 036 0.34** 0.27** 0.79**
At home 1 ~0.01 ~0.01 —0.25**
For spart 1 0.16** —-0.03*
or exercise
For transportation 1 0.00
At work? 1

“ Correlation coefficients calculated based solely on working participants.
* P<0.05.
** P<0.0001.

TABLE 2. Description of the variables among participants of EPIC Norfolk 1998-2006
who completed the EPAQ2 questionnaire (7 = 14,903) by working status.

Working Nanwerking
Participants, Participants,
n=7252 n = 17651
Person-years 50,584 52,380
Number of deaths
All causes 256 872
Cancer 143 373
Cardiovascular 7 299
Other 42 200
Mean SD Mean SD
Age (yr) 57.1 7.2 68.0 7.2
Height (cm) 168.2 9.0 165.7 8.8
Weight (kg) 74.8 135 736 13.0
BMI (kg:m~2) 26.4 3.9 26.9 4.0
Alcohol consumption (g-d™") 9.4 13.0 8.2 12.4
Physical activity (MET-h-wk™")
All domains combined 122.1 53.7 723 373
At home 426 26.9 52.5 31.0
For sport or exercise 14.4 16.7 14.7 18.5
For transportation 6.6 10.1 5.0 74
At work 58.6 49.2
N % N %
Men 3342 46.1 3171 414
Smoking status
Never smoker 3698 50.1 3571 46.7
Ex-smoker 2872 396 3472 454
Current smoker 648 8.9 525 6.9
Social classes
Professionals 552 76 542 7.1
Managerial and technical jobs 2866 39.5 2837 37.1
Skilled and partly skilled labor 3538 48.8 3857 50.4
Unskilled labor 208 29 242 3.2
History of diabetes 158 2.2 332 43
History of cancer 364 50 713 a3
History of cardiovascular disease 125 17 364 4.8

group. The history of known cancer, cardiovascular disease,
and type 2 diabetes at baseline was twice as high in the
nonworking group compared with the working participants.
Among the nonworking participants, 26.4% were catego-
rized as being active or moderately active compared with
71.8% in the working group. Differences in total physical
activity between the two groups were largely explained by
differences in occupational activity because the levels of
sport- and transport-related activity were similar. The level
of activity undertaken at home was higher in the non-
working participants. A higher proportion of the working
participants were male (46.1%) compared with the non-
working group (41.4%). There were no significant differ-
ences between the two groups for all other variables.

Total physical activity was significantly inversely related
to all-cause and cardiovascular mortality (Table 3). The
home and sport domains of physical activity were signifi-
cantly associated with lower all-cause and cardiovascular
mortality, independently of each other and of the activity
undertaken in the other domains. After excluding the more
intense activities undertaken at home (MET > 5), namely,
mowing the lawn, digging, and stair climbing, all-cause
mortality was no longer associated with duration of physical
activity undertaken at home (P for trend = 0.93; data not
shown). The duration of the most intense physical activity
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undertaken at home (i.e., climbing stairs, mowing the lawn,
and digging) was associated with a reduced risk of all-cause
mortality (£ for trend = 0.03; data not shown). Neither
cycling nor walking for transportation, analyzed separately
and together, nor activity at work was significantly
associated with all-cause and cardiovascular mortality.
Total and domain-specific activity was not related to cancer
mortality (data not shown). Domain-specific results were
similar with and without adjusting for the other domains.
The association between total activity and all-cause mortal-
ity was not modified by sex (P for interaction = 0.90) or
BMI (P for interaction = 0.81). Domain-specific results
observed among men were also similar to those observed
among women. When comparing the most active to the
least active participants, the relative risks of all-cause
mortality (95% confidence interval) for physical activity at
home and for sport or exercise were 0.84 (0.65-1.10) and
0.63 (0.49-0.81) among men and 0.70 (0.48-1.03) and 0.73
(0.53-1.02) among women, respectively. However, effect
modification by age was observed (P = 0.02). In partic-
ipants older than 63 yr (median), total activity was strongly
and inversely related to all-cause mortality (P < 0.0001),

whereas no relationship was observed in younger partic-
ipants (P = 0.57). Effect modification by age was also
observed for activity at home (P = 0.002) but not for the
other domains of activity.

After excluding participants who died within 2 yr of
follow-up and those who had a history of heart disease,
stroke, or cancer, total activity (P for trend = 0.006),
activity at home (P for trend = 0.01), and during sport or
exercise (P for trend = 0.01) were inversely related to all-
cause mortality, after additional adjustment for BMI,
systolic blood pressure, and cholesterol, whereas no
association was observed for transport- or work-related
activity.

We observed a strong and highly significant interaction
between activity at home and sport or exercise activity on all-
cause mortality (P = 0.002). Physical activity at home was
inversely related to all-cause mortality only when partic-
ipants were categorized as being inactive or moderately
inactive for sport or exercise (Fig. 1A). Reciprocally, activity
for sport or exercise was inversely related to all-cause
mortality only when the participants were inactive or
moderately inactive at home (Fig. 1B).

TABLE 3. Association between physical activity (PA; total and by domains) and mortality (all causes and cardiovascular).

All-Cause Mertality, 1128 Events

Cardiovascular Mortality, 370 Events

n HR 95% Cl P for Linear Trend n HR 95% Cl P for Linear Trend
Total PA?
Inactive (<60 MET-h-wk™") 526 1.00 0.0002 188 1.00 0.0067
Moderately inactive (60-90 MET-h-wk™") 312 0.87 0.73-1.03 102 0.88 0.65-1.18
Moderately active (90-125 MET-hwk™") 161 0.67 0.54-0.83 47 0.61 0.41-0.91
Active (=125 MET-hwk ") 129 0.77 0.61-0.98 33 0.68 0.43-1.06
PA at home”
Inactive (<25 MET-hwk™") 325 1.00 0.0211 113 1.00 0.0298
Moderately inactive (25-40 MET-h-wk™") 268 0.90 0.74-1.10 94 0.82 0.58-1.17
Moderately active (40-60 MET-h-wk™") 276 0.91 0.74-1.12 87 0.78 0.54-1.12
Active (60 MET-hwk™") 259 0.81 0.66~0.99 76 0.75 0.52-1.06
PA for sport or exercise®
Inactive (<2 MET-hwk™") 386 1.00 <0.0001 139 1.00 0.001
Moderately inactive (2-9 MET-h-wk™") 279 0.81 0.67-0.97 85 0.78 0.56-1.10
Moderately active (920 MET-h-wk™") 233 0.73 0.60-0.88 74 0.71 0.51-1.00
Active (>20 MET-hwk™) 230 0.66 0.54-0.80 72 0.60 0.42-0.85
PA for transportation?
Inactive (0 MET-hwk™") 356 1.00 0.1286 123 1.00 0.2961
Moderately inactive (0-3 MET-h-wk™") 263 0.96 0.79~1.17 92 1.05 0.75-1.47
Moderately active (3-8 MET-h-wk™") 256 0.99 0.82-1.21 78 0.92 0.65-1.31
Active (=8 MET-h-wk ™) 253 0.82 0.67~1.00 77 0.79 0.55-1.13
Cycling for transportation®
Noncyclists 990 1.00 0.3908 333 1.00 0.7960
Cycling up to 30 min-wk ™" 77 1.02 0.77-1.35 23 0.81 0.47-1.40
Cycling over 30 min-wk ™! 61 1.01 0.76~1.36 14 0.72 0.39-1.33
Walking for transportation”
Nonwalkers 376 1.00 0.3056 131 1.00 . 0.8051
Walking up to 90 min-wk ™" 399 0.96 0.80-1.15 126 1.00 0.72-1.38
Walking >90 min-wk™" 353 0.89 0.73~1.09 113 0.93 0.64-1.35
PA at work®"
Inactive (<20 MET-h-wk™") 98 1.00 0.6243 30 1.00 0.6841
Moderately inactive (20-50 MET-h-wk™") 52 1.02 0.69-1.50 8 0.62 0.26-1.47
Moderately active (5080 MET-hwk™") 50 1.02 0.67~1.56 13 1.08 0.48-2.41
Active (>80 MET-hwk™") 56 0.84 0.55-1.30 20 0.98 0.44-2.15

Adjusted for baseline age, sex, social class, alcohol consumption, smaoking status, history of diabetes, history of cancer, and history of cardiovascular disease and stroke.

b Additionally adjusted for activity for sport or exercise, at work, and for transportation.
¢ Additionally adjusted for activity at home, at work, and for transportation.

9 Additionally adjusted for activity at home, for sport or exercise, and at work.

¢ Additionally adjusted for activity at home, for sport or exercise, at work, and walking.
f Additionally adjusted for activity at hame, for sport or exercise, at work, and cycling.
9 Additionally adjusted for activity at home, for sport or exercise, and for transportation.
" Analyses restricted to working participants.
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DISCUSSION

The results from this population-based cohort study
suggest that the inverse association between total physical
activity and all-cause mortality is predominantly driven by
sport, exercise, and the most intense activities carried out in
and around the home. We found little evidence of an
association between occupational or transport-related activ-
ity with mortality. Although the results for physical activity
during sport or exercise are compatible with previous
reports, few studies have been able to examine the
association of the other domains of activity, particularly
activity at home. Participants who reported being most
active at home had a 19% lower risk of all-cause mortality
compared with the least active group even after adjustment
for potential confounders and physical activity in other
domains. Our results also-suggest that the reduced risk of
mortality associated with the exercise and home domains of

A
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lower than the median (p for linear trend = 0.004)

M Risk associated with activity at home amongst participants with level of activity for sport or exercise
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FIGURE 1—A. Interaction between physical activity at home and for
sport or exercise on all-cause mortality. Risk associated with activity at
home on all-cause mortality according to the level of physical activity
for sport or exercise. B. Interaction between physical activity at home
and for sport or exercise on all-cause mortality. Risk associated with
physical activity for sport or exercise on all-cause mortality according
to the level of activity at home. HR® indicates hazard ratio adjusted for
baseline age, sex, social class, alcohol consumption, smoking status,
history of diabetes, history of cancer, history of cardiovascular disease
and stroke, physical activity at work, and for transportation.

activity was not additive, indicating a possible ceiling effect
of activity on all-cause mortality.

Others have reported an inverse association between total
activity and all-cause mortality similar to the observations
from this study, but most of the previous analyses were
restricted to leisure time activity or did not combine all
domains of activity (7,13,33). To our knowledge, only two
previous studies, one from Puerto Rico (8) and one from
China (23), have examined the associations between
physical activity from all domains with mortality, both
suggesting an inverse association between total physical
activity with all-cause mortality.

We observed an effect modification by age on the
association between activity and mortality, which is
supported by others (4). However, in a recent review (18),
an inverse association between vigorous activity or exercise
and all-cause mortality was reported in all studies reviewed,
regardless of the age of the participants. The absence of
association between activity and mortality among young
participants in this study may be explained by lack of power
within this age group (» = 198 deaths).

Our findings of a reduced risk of all-cause mortality
associated with activity for sport and exercise are consistent
with recent reviews reporting an inverse association
between exercise or vigorous leisure time activity and all-
cause mortality (7,13,33). The inverse relation observed in
our study between intense activities undertaken at home and
all-cause and cardiovascular mortality independently of
activity in other domains is consistent with the most recent
recommendations emphasizing the importance of moderate-
to vigorous-intensity physical activity performed as part of
daily living (13). In our study, these intense domestic
activities corresponded to heavy gardening and climbing
stairs at home. One recent study in women suggested an
inverse relationship between domestic physical activity and
all-cause mortality independent of activity from other
domains (23). Our results extend these observations to both
men and women. Three previous studies included a few
domestic activities in their leisure time activity categoriza-
tion (4,5,22). In two of these studies (4,5), low or
moderately intense leisure time activity was associated
with a reduced risk of all-cause mortality. The study that
failed to show an inverse relationship between nonvigo-
rous leisure activity and all-cause mortality was restricted
to men (22). The negative and significant interaction
between activity at home and during sport and exercise
suggests a ceiling effect of activity on mortality. The
amount of activity during sport or exercise associated with
an inverse relation in this study (i.e., moving from
moderately inactive to moderately active) is equal to
approximately 30 min of moderate-intensity activity five
times per week, which is compatible with official recom-
mendations (25). In contrast, 3 h of activity at home is
associated with the same reduced risk. This difference in the
magnitude of the association between activity at home and
during sport might be due to a higher intensity during
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leisure time and/or different degree of measurement error
from these two domains.

We found no evidence of an association between trans-
port-related physical activity and all-cause mortality. This
was also the case when analyzing cycling and walking
separately. This is in accordance with two previous studies
(5,6). In contrast, two studies from Denmark (4) and China
(23) observed a reduced risk of all-cause mortality by
increasing levels of transport-related activity. However,
these results were mainly explained by cycling as a mode
of transportation, an activity more prevalent in these
countries than in the UK (4,23). Neither did we observe
an association between activity at work and all-cause
mortality. These findings are consistent with some
(4,11,20,21) but not all (5,12,14,28) previous studies.

The inverse associations between activity and cardiovas-
cular mortality are consistent with the literature (7,13,33).
Apart from improving plasma lipid profile, reducing body
weight, and lowering blood pressure for which our post hoc
analyses were adjusted, activity may act through many
other biological pathways such as reducing platelet aggre-
gation, increasing fibrinolytic activity, improving insulin
sensitivity and glucose tolerance, improving cardiac func-
tion, improving cardiorespiratory fitness, and lowering the
resting heart rate (16). In contrast, we did not observe any
association between activity and cancer mortality. As
noticed in a recent review (33), physical activity is only
associated with risk reduction of some specific cancers.
Most of the studies investigating on overall cancer mortality
reported little evidence of reduced risk due to activity,
except some with follow-up longer than 10 yr and/or on the
basis of leisure activity (3,9,15,17,24,27,29,32). It suggests
that if an association exists between physical activity and
overall cancer mortality, the magnitude of the association is
low, or alternatively, the association occurs at least 10 yr
after the activity has been undertaken.

Our study has several methodological strengths, includ-
ing its prospective design and the high proportion of
individuals followed up (99.99%). We assessed all domains
of daily activity, including activity at home, at work, for
transportation, and for sport or exercise. We mutually
adjusted our analyses for activity in the various domains
and controlled for a wide range of potential confounding
factors collected at baseline. Analyses performed after
exclusion of the participants with history of heart disease,
stroke, and cancer at baseline as well as those deceased
within 2 yr of follow-up showed similar results as analyses
adjusting for these factors. Therefore, it is unlikely that our
findings might be due to the underlying pathological
process underlying the decreasing physical activity before
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Abstract

Physical activity has consistently been associated with
lower risk of colon cancer, but information is limited
on the amount, type, and timing of activities. The
relationship between physical activity and rectal
cancer is unclear. We examined characteristics of
recreational physical activity in relation to colon and
rectal cancer in the Cancer Prevention Study II
Nutrition Cohort of 70,403 men and 80,771 women
(median age, 63 years); 940 colon and 390 rectal cancers
were identified from enrollment in 1992 to 1993
through August 1999. The multivariate-adjusted rate
ratios (95% confidence intervals) associated with any
recreational physical activity compared with none were
0.87 (0.71-1.06) for colon cancer and 0.70 (0.53-0.93) for
rectal cancer. Colon cancer risk decreased significantly
with increasing total hours (P for trend without

reference group = 0.007) and metabolic equivalent
hours (P for trend = 0.006) per week of activities. No
clear decrease in rectal cancer risk was seen with
increasing hours per week of physical activity. Rate
ratios (95% confidence intervals) were 0.72 (0.52-0.98)
for <2 hours, 0.68 (0.47-0.97) for 2 to 3 hours, 0.59 (0.41-
0.83) for 4 to 6 hours, and 0.83 (0.59-1.16) for >7 hours
per week of physical activity compared with none. Past
exercise, as reported in 1982, was not associated with
risk of either colon or rectal cancer. We conclude that
increasing amounts of time spent at recreational
physical activity are associated with substantially
lower risk of colon cancer and that recreational
physical activity is associated with lower risk of rectal
cancer in older men and women. (Cancer Epidemiol
Biomarkers Prev 2004;3(12):2187-95)

Introduction

Physical activity is an attractive cancer preventive
strategy because it potentially benefits many health end
points in addition to reducing the risk of certain cancers.
Comprehensive reviews have noted a consistent associ-
ation between increased physical activity and lower risk
of colon cancer (1-3) and colorectal adenomas (4-10).
Prospective (11-26) and case-control (27-38) studies of
men have ftypically found, with few exceptions (13, 20,
22, 26), a statistically significant 40% lower risk of colon
or colorectal cancer among the most active compared
with the least active. Studies of women have been less
consistent, generally finding a statistically nonsignificant
10% to 20% lower risk of colon or colorectal cancer
associated with increased physical activity (10, 11, 13, 15,
17, 18, 20, 21, 23, 24). The results of prospective (14, 16,
20, 25) and case-control (29-31, 34, 39) studies of rectal
cancer and total or recreational physical activity in men
or women have not been consistent; studies have re-
ported an inverse association (14, 30, 34, 39), no
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association (25, 29, 31), or higher risk of rectal cancer
associated with greater activity (16, 20).

More information is needed about the characteristics
(amount, type, and timing) of physical activity necessary
to affect colon and rectal cancer risk. The temporal
relationship between physical activity and reduced risk
of colon or rectal cancer is important both for biological
understanding and for encouraging physical activity
among older adults, yet few studies have determined
physical activity at different time points in life. Whereas
the association with colon cancer has been stronger with
recent activity than with past activity (40), this may
reflect the greater potential for measurement error when
past activity is characterized only by recall.

We examined how the characteristics (amount, type,
and timing) of recreational physical activity affect its as-
sociation with colon or rectal cancer incidence among older
adults in the Cancer Prevention Study II (CPS II) Nutrition
Cohort. Because this cohort is a subset of the larger CPS
II-Mortality Cohort established in 1982, participants had
prospectively reported data on physical activity and
several other covariates on a questionnaire completed
10 years before enrollment in the Nutrition Cohort.

Materials and Methods

Study Population. The CPS II Nutrition Cohort of
86,404 men and 97,786 women was established in 1992 to
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