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Evidence is accumulating that high levels of physical activity are associated with a reduced risk
of some cancers. This evidence is most consistent for colon cancer, which is reduced by 40–50 %
among the most active individuals, compared with the least active. The effect is evident in men
and women, and appears to be independent of important confounding factors. However, there may
be important interactions with body fatness; a high BMI has been reported to be associated with
an increased risk of colon cancer in sedentary men but not in physically-active men. Whilst the
evidence on breast cancer is less consistent, case–control studies typically suggest a reduction of
25–30 % among the most active women, although several studies have found no effect. Potential
mechanisms include systemic influences and others relevant only to site-specific cancers. One
unifying hypothesis is that physical inactivity reduces insulin sensitivity, leading to a growth-
promotional environment which may facilitate neoplasia. The non-specific immune system may
be improved by physical activity, possibly through the summative effects of repeated exercise
bouts. Regular exercise, even at a recreational level, probably reduces exposure to oestrogen and
thus decreases the risk of breast cancer. Increased colonic peristalsis, and thus reduced bowel
transit time, might partly explain the lower risk of colon cancer in active people. Physical activity
emerges as one of the few modifiable risk factors for some cancers and, as such, justifies further
study.

Physical activity: Cancer risk

MET, unit of metabolic cost (O2 consumption) of physical activityA large body of evidence shows that high levels of physical
activity are associated with multifarious health benefits, e.g.
a low risk of CHD, type II diabetes, hypertension and stroke
(Pate et al. 1995). Only recently has it become clear that
physical activity may also be associated with a reduced risk
for the development of several common forms of cancer.
Physical activity is a modifiable lifestyle characteristic, and
so potentially one means for primary prevention. For this
reason alone, it is important to examine the available
evidence. The present review considers the findings of
epidemiological surveys and discusses potential
mechanisms.

Epidemiology

Marked international differences in incident rates exist for
many common cancers, and data for migrants suggest that
these differences may be largely attributable to environ-
mental, rather than genetic, differences. For example,
colo-rectal cancer seems to be particularly sensitive to

changes in the environment: among immigrants and their
descendants, incidence rates rapidly reach those of the host
country (McMichael & Giles, 1988). The adoption of a
high-energy diet which is high in saturated fat has some-
times been proposed as the major determinant of such
alterations to incidence rates. In the light of the evidence for
a reduced risk for some cancers in physically-active people,
an alternative hypothesis might be that the adoption of the
sedentary lifestyle of the host country is at least as
important.

Total exposure to the risk factor of sedentary living is
invariably measured by recording its obverse, i.e. physical
activity, and evaluation of this evidence should recognise
the difficulty of measuring physical activity in surveys.
Ideally, occupational work, recreational activity and daily
living activities should all be determined, and it might be
important to have data on the components of activity,
frequency, intensity and duration. Decisions on the time
periods in life (e.g. adolescence, adulthood, pre- or post-
menopause) which should be investigated depend partly on
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understanding the underlying mechanisms, but these
mechanisms are poorly understood. A particular problem
with studies of physical activity and cancer risk is that few
studies were established with this factor as the primary
hypothesis.

Colon cancer

Colo-rectal cancer is the fourth most common incident
cancer, and the second most common cause of cancer death
in the USA. It occurs with approximately equal frequency
among men and women. Established risk factors include a
low consumption of fibre and folate, high consumption of
animal fat, red meat and a family history of colon cancer
(Potter, 1999). There is now substantial evidence that
physical inactivity should be added to this list. Indeed, the
relationship between physical activity and a reduced risk of
colon cancer is among the most consistent in the epidemio-
logical literature on colon cancer risk (Potter, 1999).

Activity has been measured by occupation and by leisure-
time activities. In case–control studies this measurement
was done using recall for a defined period before the diag-
nosis of colon cancer. Overall, these studies suggest a
consistent inverse relationship between both occupational
and leisure-time activity and colon cancer risk among both
men and women. There are several indications that high
levels of physical activity maintained over a long period
constitute the strongest protection.

In a large multi-centre case–control study, lack of
lifetime vigorous (23–27 kJ/min) leisure-time physical
activity was associated with 63 and 59 % excess risk of
colon cancer in men and women respectively (Slattery et al.
1997). Activity was assessed as energy expenditure, based
on reported intensity and duration of activities at home,
leisure and work for the referent year, 10 years ago and (for
older participants) 20 years ago. Lifetime vigorous leisure-
time activity was the only physical activity variable consist-
ently associated with colon cancer.

A recent study in Italy found an odds ratio for those in the
highest level of occupational physical activity (compared
with the lowest) of 0·64 (95 % CI 0·44, 0·93) for men and
0·49 (95 % CI 0·33, 0·72) for women (Tavani et al. 1999).
No association was found for leisure-time activity.
Theoretically, occupational activity could be the relevant
factor defining disease risk because it may be relatively
constant over long periods of life. However, as physically-
demanding jobs become less common, the range of
occupational activity in a study population may be too
narrow to reveal associations with cancer risk. In a much
smaller Swiss study, both occupational and leisure-time
activity were associated with a lower risk; the odds ratio was
lower for occupational than for leisure-time activity,
however (0·44 (95 % CI 0·26, 0·73) v. 0·53 (95 % CI 0·33,
0·86); Levi et al. 1999).

In prospective studies measures of physical activity range
from a single question about usual pattern of activity over
24 h in a few broad categories to detailed questionnaires
completed twice with an interval of about 10 years.
Experience from epidemiological studies of CHD showed
that, when poor measures of activity were used, studies
tended to underestimate its true impact (Powell et al. 1987).

The same may be true for surveys focused on the risk of
cancer. Nevertheless, of eighteen cohort studies reviewed in
1997 (Colditz et al. 1997), seventeen found a reduction in
risk similar to that observed in case–control studies.

Indications in the older literature were that the
relationship between colon cancer risk and physical activity
was stronger for men than for women. However, recent
studies on women show a similar magnitude of risk
reduction. For example, leisure-time activity has been
associated with a reduced risk in the US Nurses Health
Study (Martínez et al. 1997) and in a cohort of Norwegian
women (Thune & Lund, 1996). Among the nurses, engaging
in activities of moderate intensity (i.e. walking at a normal
or brisk pace) for 1 h/d was associated with a 46 %
reduction in risk. This finding was reasonably consistent
with the report from Norway where the equivalent of
walking or bicycling for at least 4 h/week was associated
with a 38 % reduction in risk compared with the sedentary
group (Thune & Lund, 1996). The strongest effect observed
was reported for Swedish men when occupational and
leisure-time physical activity levels were combined
(Gerharsson et al. 1988). Men in the highest category had a
relative risk of 0·3 (95 % CI 0·1, 0·8) compared with men
who were inactive at work and engaged in little recreational
activity.

There is some indication of a dose–response relationship;
among the Norwegian women referred to earlier, combining
occupational and leisure-time physical activity revealed a
significant relationship between risk of colon cancer and
total physical activity (for trend, P = 0·04; Thune & Lund
1996).

The issue of potential confounding factors is a difficult
one. Individuals who are physically active may exhibit other
lifestyle characteristics associated with a reduction in the
risk of colon cancer. However, the strength of the effect of
activity is not materially altered by controlling for other
factors known to relate to colon cancer risk. For example,
the Health Professionals Follow-up Study reported detailed
analyses of potentially confounding factors (Giovannucci
et al. 1995). Men who were highly active (highest quintile
for total activity measured in MET-h, where MET is the unit
of metabolic cost (O2 consumption) of physical activity
(1 MET is equivalent to the resting metabolic rate, assumed
to be 3·5 ml O2/kg body mass per min) and MET-h is the
sum of average time per week spent in each activity × MET
value of each activity) ate less saturated fat, more fibre, were
less likely to smoke, more likely to use multivitamins and
had a lower BMI. After controlling for all these factors, as
well as aspirin use and family history, their risk relative to
sedentary men increased only slightly, from 0·44 (95 % CI
0·27, 0·71) to 0·53 (95 % CI 0·32, 0·88), and the inverse
trend in risk with increasing activity remained statistically
significant.

Physical activity does not, therefore, appear to be merely
a marker for a healthier lifestyle, but exerts an independent
protective effect on the risk of colon cancer. Protection does,
however, appear to be limited to the colon. The association
with high levels of physical activity is much stronger for the
colon than it is for the rectum, where it is at best only very
weakly associated (Lee et al. 1991; Thune & Lund, 1996).
This finding may explain the trend for studies that have not
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reported data separately for these two sites to find less
strong relationships with physical activity.

Data from studies of the risk of colo-rectal adenoma
(cancer precursors) and physical activity are concordant
with the findings described earlier. Among both men
(Neugut et al. 1996) and women (Giovannucci et al. 1996),
individuals who are highly active have a significantly lower
risk of adenoma. As in the studies with cancer as the
outcome measure, obesity is associated with a higher risk of
adenomas. For example, in the Nurses Health Study women
in the highest quintile for energy expenditure in physical
activity had only 57 % of the risk of large adenoma observed
in sedentary women (Giovannucci et al. 1996). Among the
same population, a high BMI (> 29 kg/m2 v. < 21 kg/m2)
markedly increased the risk (relative risk 2·21 (95 % CI
1·18, 4·16)). One study found some protection from
adenoma associated with recent but not past physical
activity (Enger et al. 1997).

Breast cancer

The relationship between physical activity and the risk of
breast cancer has been reviewed several times, most recently
in 1998 (Friedenreich et al. 1998; Gammon et al. 1998).
At that time a majority (fifteen of twenty-one studies)
observed a lower risk in women who were physically active
in recreational and/or occupational activities than in inactive
women. Since then at least six further studies have been
published, all but one of which found a lower risk in active
women (Mezzetti et al. 1998; Levi et al. 1999; Rockhill
et al. 1999; Verloop et al. 2000) or in a sub-group of active
women (Moradi et al. 1999). The study which found no
relationship examined data from younger women enrolled in
the Nurses Health Study (Rockhill et al. 1998) and this
finding is commented on below. The magnitude of the
association ranged from a 10–60 % reduction in risk for the
highest activity levels measured to a 30–40 % increase in
risk (Friedenreich et al. 1998). The greatest decrease in risk
(58 %) was observed in a case–control study of recreational
activity (Bernstein et al. 1994). One reason may be that
these workers measured physical activity at several stages
of life, deriving a measure of ‘lifetime’ activity. This
suggestion is supported by the finding from a recent cohort
study that the effect of activity was strongest in women who
reported being physically active, assessed by two surveys,
separated by an interval of several years (Thune et al. 1997).
An alternative explanation, however, is that repeated
assessment improves measurement precision by reducing
misclassification. Occupational activity has been associated
with more modest decreases in risk than observed for
physically-active recreations but, as might be expected,
classifying women according to both sources of activity
showed a greater protective effect than that associated with
recreational activity alone (Verloop et al. 2000).

There is insufficient evidence as yet to reach a conclusion
on the dose–response aspects of the relationship between
physical activity and the risk of breast cancer. This situation
may be because data describing the different components of
activity are insufficiently detailed. Several studies have,
however, reported findings suggestive of greater decreases

in risk with more activity. For example, in the Norwegian
cohort study, the risk relative to sedentary women (adjusted
for several potentially-confounding factors) was 0·93 for
moderate recreational exercise (≥ 4 h/week walking or
bicycling) and 0·63 for regular exercise (≥ 4 h/week exer-
cising to keep fit or engaging in vigorous training or
competitive sports several times per week; Thune et al.
1997). In the recent study of Dutch women, risk was highest
in women engaging in neither occupational nor recreational
activity (referent group) and lowest among those with active
occupations who also reported physically-active recreations
(relative risk 0·58 (95 % CI 0·42, 0·82)), with intermediate
overall levels of activity fitting into this dose-dependent
pattern (Verloop et al. 2000). A similar trend was evident
(P = 0·004) for cumulative (composite of five assessments)
average hours per week of moderate or vigorous activity
among US nurses (Rockhill et al. 1999).

What is clear is that a decrease in risk has commonly
been observed with about 4 h of activity at a moderate level
or above per week. The finding in the US Nurses Health
Study that even ≥ 7 h of moderate or vigorous activity was
associated with only a modest (18 %) reduction in risk
(Rockhill et al. 1999) represents the most conservative
estimate of the reduction which may be expected for the
time invested in physical activity. One reason that the effect
of recreational exercise was less strong among this group
than among some other groups may be that the level of usual
occupational physical activity in nurses may be rather high,
reducing the effect of variable levels of recreational activity.
This factor might also have contributed to the lack of even
a suggestion of a protective effect of non-occupational
activity in young women (25–42 years on entry) from this
same cohort (Rockhill et al. 1998). Another explanation
might involve the methods of measuring physical activity
which, as pointed out by Bernstein & Ross (1998), might
permit nurses engaging in very short periods of activity,
twice weekly to be classified as physically active. These
issues serve to underline the complexity of such studies and
help explain discrepancies in their findings.

Indeed, one factor which could explain the ‘null’ finding
just referred to among younger nurses might be that the
influence of physical activity differs according to hormonal
status. It has been suggested that many incidences of breast
cancer among premenopausal women might be attributable
to ‘highly penetrant gene mutations’ and therefore less
amenable to primary prevention through physical activity
(Rockhill et al. 1999). Another possibility is the contrasting
effect of body fatness on breast cancer risk in pre- and post-
menopausal women; among premenopausal women a high
BMI is associated with a reduced risk, whereas among post-
menopausal women this factor increases risk. Theoretically,
therefore, and assuming that physical activity exerts its
protective effect partly through decreasing body fat levels,
physical activity might be associated with a reduction in the
risk of breast cancer only in older women. Against this
possibility, however, is the fact that an inverse association
with physical activity has been reported in both pre- and
post-menopausal women. In addition, at least some studies
which included both pre- and post-menopausal women
found that the effect of exercise was either similar in both
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sub-groups (Rockhill et al. 1999) or stronger (Thune et al.
1997) in premenopausal women. More extensive data are
required before this issue can be resolved.

Thus, the proposition that physical activity can reduce
breast cancer risk is still unproven, with mixed results from
epidemiological data. Case–control studies suggest typical
reductions of 25–30 % for the most active women, but
several studies found little or no association, and two, one of
them the Framingham cohort study, an increased risk
(Dosemeci et al. 1993; Dorgan et al. 1994). One explanation
for the disparity in results has been imprecision and lack of
standardisation in the assessments of physical activity.
However, detailed evaluation of the methods used in twenty
studies (Ainsworth et al. 1998) found no association
between precision of measures and study results.

Other site-specific cancers

Surveys have reported data related to physical activity and
the incident rates of endometrial cancer, ovarian cancer,
testicular cancer, prostate cancer and lung cancer but, of
these sites, there is a reasonable body of evidence only for
prostate cancer. Estimates of relative risk in about twenty
studies reviewed in 1998 (McTiernan et al. 1998) are evenly
distributed around 1·0, and indicate little or no effect of
physical activity. Two recent prospective studies which
measured recreational activity confirmed this conclusion
(Giovannucci et al. 1998; Liu et al. 2000), but a third study
found a protective effect on prostatic cancer of both
occupational work (walking, and walking and lifting, but
not heavy labour) and recreational activity (Hartman et al.
1998).

Summary of epidemiology

Compared with studies of CHD, it is difficult to evaluate
possible confounding factors, examine potential dose–
response relationships and specified activities because the
incidence of cancer on a site-specific basis is so much lower.
Better instruments for measuring physical activity, partic-
ularly among women, are sorely needed. Since there are
links with lifetime exposure to, for example, endocrine risk
factors, these measurements need to encompass activity at
difference stages in life.

Potential mechanisms

Survey data are inevitably inconsistent, particularly when
describing characteristics like diet and physical activity
which are notoriously difficult to measure. In assessing the
plausibility of a link between the risk of specific cancers and
physical activity it is important therefore to consider what
the underlying biological mechanisms could be. Several
mechanisms have been suggested, both systemic and site-
specific. Those mechanisms best supported by evidence are
mentioned here.

Systemic influences: body fatness and metabolic milieu

Overweight, the inevitable outcome of a long-term positive
energy balance, has long been recognised as a risk factor for

hormone-related and other cancers. The effect of regular
physical activity on the risk of colon and breast cancer may
therefore be due in part to improved weight maintenance in
active people. Although taking up physical activity is
associated with only modest decreases in body mass and
fatness (Ballor & Keesey, 1991), there are recent reports
(Williamson et al. 1993; Haapanen et al. 1997) that active
individuals are much less likely to experience clinically
significant weight gain in adulthood. This factor may be
important, particularly for the risk of cancer of the breast
where adult weight gain is a strong risk factor.

Despite the relationships with high BMI, cancer risk is
not always associated with high total energy intake. For
example, among seven prospective studies, none showed
any relationship between risk of breast cancer and total
energy intake (Hill, 1999). By contrast, twenty-three of
twenty-nine studies of post-menopausal breast cancer
showed a positive association with BMI (Hill, 1999). The
association between the risk of colo-rectal cancer and over-
weight is also strong, yet few studies report an association
with high energy intake. One interpretation of these
observations is that cancer risk may be related as much to
physical inactivity as to excess energy intake.

A recent report provides some insight into the inter-
relationships between risk of colon cancer, body fatness and
physical activity (Slattery et al. 1997). These workers
examined cancer risk within sub-groups classified by both
BMI and physical activity level. At high levels of activity,
risk was not influenced by BMI. By contrast, among
inactive men and women BMI was an important indicator of
risk which was strongest for those with low activity, high
BMI and high energy intake. These findings show that
among those individuals who are physically active, a high
energy intake presents no risk. They suggest that energy
balance per se may be associated with colon cancer, and that
associated systemic metabolic influences on carcinogenesis
may be involved.

The roles of energy intake, body mass and physical
activity are clearly interrelated in the aetiology of at least
some cancers. An explanation that unifies these three factors
has been proposed, which involves systemic metabolic
influences rather than local influences on particular organs.
Physical activity, particularly in the presence of a low body
fat level, is associated with a general metabolic milieu (low
insulin, low plasma triacylglycerol concentration) which is
less favourable to the growth of cancer in general, and
perhaps colon cancer in particular. Insulin, and insulin-like
growth factor, lead to a general stimulation of cellular
growth. Thus, hyperinsulinaemia creates a growth-
promoting milieu which might specifically benefit
neoplastic cells (McKeown-Eyssen, 1994). This proposal
fits with the observations that individuals with colon cancer
have been reported to have a higher than expected
prevalence of the metabolic syndrome (McTiernan et al.
1998). Insulin sensitivity is poor in individuals with high
levels of abdominal fat (Després, 1994) and so it fits also
with a report that waist circumference (≥ 109 cm v. < 89 cm)
and a high waist:hip ratio (≥ 0·99 v. < 0·90) were strong risk
factors for colon cancer, even after adjustment for body
mass and physical activity (Giovannucci et al. 1995). Links
with body fat distribution might account for the fact that risk
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of high body mass is higher in men (who tend to accumulate
abdominal fat) than in women (Phillips & Snowdon, 1985).
There may be links with hormone-related cancers. Elevated
serum insulin concentration has been associated with the
risk of breast cancer (McTiernan et al. 1998). Insulin-like
growth factors, which stimulate cell turnover in most body
tissues, have been associated with an increased risk of
prostate and breast cancers.

Improved immunosurveillence

The immune system monitors the body for abnormal cells
and antigens, and immune surveillance therefore has the
potential to influence cancer formation by killing neoplastic
cells. Experimental studies in animals suggest that exercise
can prevent the incidence, progression or spread of
experimental tumours. One mechanism by which physical
activity may decrease cancer risk is therefore via effects on
innate non-specific immune function. Exercise immunology
is a developing field, and the working theory is that there
exists a level of physical activity that results in enhanced
immune function, leading to reduced infectious disease and
maybe cancer incidence. The ‘dose’ of exercise may be
critical, however, because there is evidence that overtraining
and/or intense competition leads to immunosuppression.
Thus, the relationship between exercise and immune
function follows a ‘J-shaped’ curve, with the lowest risk
among individuals who take regular moderate exercise
(Woods et al. 1999).

Although this rationale has been articulated many times,
there is little direct evidence in human subjects. Several
small randomised experimental trials have found that
moderate physical activity such as brisk walking reduces the
number of sickness days due to upper respiratory tract
infections (Nieman et al. 1990; Scanga et al. 1998).
However, none of these studies found significant changes in
resting immune function, i.e. no long-lasting effect of
training. It has therefore been proposed that any beneficial
effects on immunosurveillance and host protection that
come from moderate activity probably arise from the
repeated acute changes which occur transiently after each
exercise session (Nieman & Pedersen, 1999). These effects
include changes to the number and functions of neutrophils
and to the activity of natural killer cells (Nieman &
Pedersen, 1999). Some studies in vitro suggest that natural
killer cell activity is reduced by a high concentration of
oestrogen, so there may be a link between physical activity,
innate immunity and breast cancer risk and exposure to this
hormone.

Hormone-related cancers

Various indices of exposure to oestrogen are positively
associated with the risk of breast cancer. These indices
include early menarche, lack of lactation, late menopause
and a high number (over the lifetime) of ovulatory cycles.
One mechanism by which high levels of physical activity
may protect against breast cancer is thus an effect on
oestrogen exposure.

Girls participating in vigorous sports tend to have late
menarche, although this may not be a cause and effect

relationship if girls who reach menarche late are more likely
than their peers to take up sports. However, disturbances of
menstrual function with endurance (aerobic) exercise are
well documented. For example, of twenty-eight untrained
students who undertook an intensive programme of running,
only four had a normal cycle; running led to low oestradiol
concentrations, short luteal phases, loss of the normal
positive feedback action of oestrogen and a high incidence
of anovulation (Bullen et al. 1985). The exercise undertaken
was intense, i.e. running 6·4 km/d, progressing to 16 km/d as
well as daily participation in 3·5 h of moderate-intensity
sports activity. However, one study of cyclic ovarian
function in women engaging in physically-active recrea-
tions, as opposed to a rigorous training programme, suggests
that less-intense exercise may also have biologically-
important effects on exposure to oestrogen (Broocks et al.
1990). Physically-active women who ran between 20 and
30 km/week and also engaged in other activities such as
gymnastics, dancing or tennis were compared with inactive
controls. Six of seventeen in this group showed disturbed
follicular development, and one showed luteal phase
disturbance. However, even active women with apparently-
normal cycles had lower plasma concentrations of oestradiol
than sedentary controls, an important finding in the
context of the present discussion. Consequently, women
who are physically active even at a recreational level
probably have less exposure to oestrogen than their inactive
counterparts.

Among post-menopausal women, decreased exposure to
insulin may also link physical activity to a lower risk of
breast cancer through effects on body fatness. By reducing
weight gain after menopause, a recognised risk factor,
activity may decrease circulating oestrogen concentrations
by decreasing the conversion of adrenal androgens to
oestrogens in adipocytes. Another factor which would be
more important in post-menopausal women (because of the
absence of the feedback mechanism regulating plasma
oestrogen levels) might be an effect on sex hormone-
binding globulin. This effect increases with physical activity
(McTiernan et al. 1998), resulting in lower levels of free
active hormone in the circulation.

Gut transit time (colon cancer)

One of the mechanisms proposed for the protective effect of
physical activity on colon cancer is that bowel transit time
decreases when individuals begin exercising, decreasing the
exposure to carcinogens. To the author’s knowledge,
however, this observation is restricted to running (Cordain
et al. 1986), which may differ in this respect from other
forms of activity. A further limitation is that, although stool
bulk is a good correlate of colo-rectal cancer risk, transit
time is not a well-established risk factor for colon neoplasia.
Another mechanism might involve exercise-induced
changes to prostaglandins. Prostaglandin E2 increases the
rate of colonic cell proliferation, especially in colonic
neoplasms, and decreases colonic motility. In line with this
hypothesis, it has recently been reported that level of
leisure-time physical activity was inversely related to
prostaglandin E2 concentration; a difference in activity level
from 5·2 to 27·7 MET-h/week was associated with a 28 %
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decrease in prostaglandin E2 concentration (Martínez et al.
1999).

Summary

Although there is a substantial body of evidence describing
a variety of measures of physical activity, there is a dearth of
information about specific activities, e.g. swimming,
cycling or jogging. This is important for two reasons. First,
for the potential of activity in primary prevention; some
activities are less unattractive to individuals who are
presently sedentary than others. Second, for understanding
of the mechanisms involved. For example, if mechanisms
underlying the protective effect of physical activity on the
risk of colon cancer include increased colonic peristalsis,
one might expect jogging but not cycling to be effective; if
the effect is primarily systemic, involving improvements to
insulin sensitivity, then the energy expended would be a
more important determinant than the mode of exercise.

On the positive side, there are indications that the level of
activity associated with statistically significant decreases in
risk are by no means athletic. For example, women nurses in
the highest activity group undertook 21 MET-h/week
(Martínez et al. 1997). Brisk walking demands about 4–5
MET, thus, about 4–5 h of this activity weekly (possibly in
addition to the routine demands for occupational walking in
nursing) may be sufficient to reduce the risk of colon cancer.
As with so many health benefits, however, it seems likely
that more activity confers more benefit, at least up to
some undefined threshold. For example, in the Health
Professionals Follow-up Study, there was a linear
relationship between activity level and the risk of colon
cancer up to 46·8 MET-h/week, the 90th centile among this
group of men (Giovannucci et al. 1995).

From the public health viewpoint, a secondary analysis
(Colditz et al. 1997) of these data (Giovannucci et al. 1995)
is important. The median level of physical activity among
these men was equivalent to 1 h running, 2 h tennis or 3 h
walking/week. Colditz et al. (1997) suggest that, if 3 h of
walking were added to the activity of all study participants,
a 17 % decrease in colon cancer might be expected. This
interpretation fits well with that of Levi et al. (1999) who,
using data from their case–control study, estimated that
about one-fifth of colon cancer could be avoided by shifting
the activity level of the entire population to the median level
of activity they recorded (2–4 h/week; no information on
intensity). Thus, physical activity emerges as one of a few
modifiable risk factors for some cancers, and may be partic-
ularly important for colon cancer.
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