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ABSTRACT

INTRODUCTION
The majority of studies examining an association between
physical activity and colon cancer have observed an increased
risk of colon cancer among physically inactive men (1-13).
Most of these studies used occupational history to derive group
measures of physical activity (1-9). Four recent studies using
self-reported physical activity also found an increased risk of
colon cancer among the physically inactive (10-13). This as
sociation was present after adjustment for the potential con
founding effects of body mass (5, 10-13), dietary fat (12),
dietary fiber, and calories (10).
The analysis of the association between physical activity and
colon cancer in women is more limited. Of the three studies
which also examined women, two reported a decreased risk for
colon cancer associated with increased physical activity (10,13).
The other study, which found a protective effect for physical
activity among men, did not find physical activity protective
among women (12).
The present analysis was undertaken to evaluate the influence
of physical activity, as assessed by self-report, on subsequent
incidence of large bowel cancer in a cohort of men and women
who participated in the Framingham Study. Data on serum
cholesterol and alcohol intake in this cohort also allowed us to
assess the potential impact of these factors which have been
examined in few previous reports.
METHODS
The Cohort. The Framington Study, a population-based prospective
cohort study of risk factors for cardiovascular disease, was initiated in
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1948. The original cohort contained 2336 men and 2873 women, aged
30 to 62 yr at the first examination. This cohort was followed with
biennial examinations for a 34-yr period (Examinations 1 to 18) with
minimal (<3%) loss to follow-up. Data available from each examination
include information from a medical history, a physical examination,
and a series of laboratory tests (14). Physical activity questionnaires
were administered by physicians at Examination 4 to 1909 men and
2311 women.
Population for Analysis. A total of 427 men and 562 women (includ
ing 12 men and 22 women who subsequently developed large bowel
cancer) were missing physical activity information at Examination 4
and were excluded from this analysis. The majority (330 men and 349
women) were missing physical activity information because they were
not seen at Examination 4. Three men and three women who developed
large bowel cancer prior to Examination 4 were also excluded. The
analytical cohort consisted of 1906 men and 2308 women including 73
men and 79 women who developed large bowel cancer after Examina
tion 4.
Identification of Cases. All cohort records with any mention of
malignancy were reviewed in detail, and 152 incident cases of large
bowel cancer [International Classification of Diseases, Oncology, Codes
153 (121 cases) and 154 (31 cases)] occurring after Examination 4 were
identified. Follow-up information was not available after Examination
18 and, thus, we have follow-up information possible on 28 yr.
Determination of Physical Activity and Other Covariates. A summary
physical activity index was calculated based on the weighted sum of the
usual amount of time the subject reported to have spent per 24 h in the
following types of activity: basal, as in sleeping (weight of 1); sedentary,
as in sitting or standing (weight of 1.1); slight, as in walking (weight of
1.5); moderate, as in gardening (weight of 2.4); and heavy, as in
shoveling (weight of 5). The weighting factor, which was based on an
estimation of oxygen consumption required for each level of activity,
has been described previously (15). Only the overall summary index
was still available from Examination 4 for the purposes of this analysis.
Weight, height, serum cholesterol, menopausa! status, and age were
also recorded at Examination 4 (14). A BMI' was calculated as follows.
BMI = wt (kg)
ht (m2)
Information on education, parity, and cigarette smoking was available
from Examination 1. Usual alcohol intake was assessed at Examination
2(14).
Statistical Analysis. All analyses were sex specific. Crude incidence
rates for tertiles of the physical activity index (tertiles based on the sexspecific analytical cohort values) from Examination 4 were calculated
by dividing the number of large bowel cancer cases occuring in that
tertile by the total number of person-yr contributed by all individuals
in that tertile. (Because of the integer nature of the physical activity
index, the tertile cuts were not equal.) The number of person-yr con
tributed by an individual was calculated from Examination 4 to the
date of large bowel cancer diagnosis, death, or Examination 18, which
ever came first. Age-adjusted incidence rates were calculated using the
age distribution of the entire analytical cohort as the standard (16). The
overall age-adjusted colon cancer incidence rate in this Massachusetts
cohort was similar to that observed and reported for the population in
the nearby state of Connecticut. The ratio of observed-to-expected colon
cases (based on age-, sex-, and race-adjusted incidence rates from the
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We examined the relation between self-reported physical activity and
large bowel cancer in a prospective cohort of men and women who
participated in the Framingham Study. Self-assessments of physical
activity were available from the fourth biennial examination on a total of
1906 men and 2308 women aged 30 to 62 yr in 1954. The cohort was
followed for up to 28 yr and yielded 152 cases (73 men, 79 women) of
large bowel cancer.
Inactivity was associated with an increased risk of large bowel cancer
among men but not among women. The relative risk estimates for large
bowel cancer among men in the middle and lowest fertiles of a physical
activity index (compared with the highest tertile) were 1.4 (95% confi
dence intervals, 0.8-2.6) and 1.8 (1.0-3.2), respectively. Among women
the comparable estimates were 1.2 (0.7-2.1) and 1.1 (0.6-1.8), respec
tively. These findings were unchanged after adjustment for body mass
index, serum cholesterol, alcohol, and other potentially confounding
variables. The narrow range of physical activity and the minimal heavy
activity reported by women in this cohort may have limited our ability to
detect an association between physical activity and large bowel cancer
among women.
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Connecticut Tumor Registry) was 0.97 (95% confidence interval, 0.731.26) for men and 0.96 (0.74-1.23) for women.
Cox's proportional hazards regression technique was used to analyze
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Table 1 Physical activity index from Examination 4 in relation to baseline
characteristics of men and women in the Framingham Study
% in highest tertile of physical activ
ity index"
characteristicAge
Baseline
(yr)<4545-55>55Education

(yr)<1212>12Body

(kg/m2)<24.224.2-26.226.3-28.5>28.5Height
mass index
<22.732.8
22.7-24.837.8
24.9-28.035.9
>28.045.0
(m)<1.661.66-1.711.72-1.75>1.75Cholesterol
<1.5440.3
1.54-1.5835.1
1.59-1.6328.9
>1.6337.3
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the simultaneous effect of physical activity at Examination 4 and
covariates on large bowel cancer incidence in the cohort ( 17). Indicator
variables were used for the tertile levels of physical activity, with
individuals in the highest activity level as the reference group. Age was
included in all models as an independent, continuous variable. Analyses
with age modeled as indicator variables yielded similar results; therefore
we present only the results with age as a continuous variable. Other
potential confounding factors were added to this model individually
and model as indicator variables as shown in Table 1. For these analyses
persons with missing data were excluded. Because none of the factors
was found to be a significant confounder in these data, only age-adjusted
relative risks are presented in the tables. A linear test for trend was
carried out by modeling the physical activity variable as a tertile trend
variable (scored 0, 1, 2) in the proportional hazards analyses. These
analyses were performed with the PROC PHGIM procedure available
in the SAS statistical package.

LARGE

(mg/dl)<207207-232233-260>260Alcohol
At Examination 4 the mean age of the analytical cohort was
<20735.2
50 Â±9 (SD) yr for men and women. The educational level of
207-23839.1
the men and women was also similar. Forty-five % of men and
239-27037.1
>27036.035.834.739.437.237.2Women44.135.423.839.634.632.3
41% of women had only a grade school education, while 27%
of men and 28% of women had completed at least some
(g/day)0<55-15>I5SmokingNonsmokerCurrent
intake
education beyond high school.
Table 1 shows the relation at baseline of high physical activity
to several demographic and behavioral characteristics. The percentile in the highest (most active) tertile of physical activity
was higher among men and women who were younger and less
smokerParity01-34+Menopausa!
educated, among men who were shorter, and among women
who were premenopausal and of higher parity.
Table 2 shows the age-adjusted colorectal cancer incidence
rates by tertile of physical activity. The median follow-up time
for the analytical cohort was 25 yr for men and 26 yr for
statusPremenopausalPostmenopausalMen40.135.331.549.835.919.841.8
women. The median time to diagnosis of large bowel cancer
was 17 yr for both men and women. An inverse association
a Adjusted to age distribution of entire analytical cohort, except for age and
between physical activity and large bowel cancer was seen for
men. There was no association between large bowel cancer and menopausa! status (16).
physical activity in women. Note that the physical activity
DISCUSSION
distributions were different for men and women. The propor
tion of women falling within the first through third tertiles of
The increased risk of large bowel cancer associated with
physical activity for men were 0.36,0.46, and 0.18, respectively.
physical inactivity among men in the Framingham Study agrees
The age-adjusted relative risk estimates for large bowel cancer
with previous reports (1-13). The lack of an observed associa
by tertiles of physical activity are given in Table 2. Compared
with highly active men, inactive men had an increased risk of tion between physical activity and large bowel cancer among
large bowel cancer of 1.8 (1.0-3.2). The risks increased in a women in this study is similar to findings from one cohort
study which also examined self-reported physical activity and
stepwise fashion with decreasing levels of activity, and the test
colorectal
cancer (12), but is in contrast to two other studies
for linear trend was marginally significant (p = 0.06). Among
which found an inverse physical activity-colon cancer associa
women, physical activity was not significantly associated with
tion among women as well as men (10, 13). In one of these
large bowel cancer. Adding the covariates of BMI, height,
studies, this association varied by anatomical site of the colonie
education, cholesterol, alcohol intake and smoking (men and cancer among women (13). The inverse association was ob
women), and parity and menopausa! status (women) individ
served for left-sided lesions, but no association with physical
ually to the age-adjusted models did not alter these estimates.
activity was seen for right-sided lesions among women.
Because of previous reports (12) suggesting effect modifica
The lack of an association between physical activity and large
tion by age and BMI, we examined models stratified by age bowel cancer among women in the present study may reflect a
(<50, >50 yr) and BMI (median split) as shown in Table 3. true absence of a physical activity-large bowel cancer associa
Among men an inverse physical activity-large bowel cancer
tion. However, given the above contradictory reports, alterna
association was stronger among older men and leaner men tive explanations and potential sources of bias should be ex
compared with younger or more obese men. In contrast, phys
plored. It is noteworthy that the upper boundary of the range
ical activity remained unassociated with large bowel cancer
of physical activity at Examination 4 for women in this cohort
among women in all subgroups of age and body mass.
was much less pronounced than that for men. To further explore
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Table 2 Age-adjusted incidence rates and relative risk estimates of large bowel cancer by tertiles of the physical activity index from Examination 4
in the Framingham Study
rate"
Physical activity
(per 100,000
person-yr)245200137148154131Relative
risks1.8(1.0-3.2)*1.4(0.8-2.6)1
(tertiles)Men25-2930-3334-83Trend
scores

(referent)0.061.1
.0
valueWomen25-2930-3132-55Trend
test F
(0.6-1.8)1.2(0.7-2.1)1.0
(referent)0.89
test P valueCohort536687683832671805Person-yr10,76614,69315,03318,72715,69619,431Cases272719312424Incidence
" Adjusted to age distribution of entire analytical cohort (16).
4 Numbers in parentheses. 95% confidence interval.

have limited our ability to demonstrate an effect of physical
activity on large bowel cancer among women. It is possible that
the small number of cases (n = 79) limited our ability to detect
an association in women. However, we did find an association
levelLow1.5(0.6-3.5)Â°2.2
activity
of
among men with even fewer cases (73); therefore this limitation
cases3241334028512653Physical
seems unlikely. We also examined relative risk estimates for
MenAge<50>50BMIÂ£26.3>26.3WomenAgeÂ«50>50BMI<24.9>24.9No.
women based on the activity groupings for men. These were
essentially unchanged from those based on the groupings in
(0.9-4.6)1.5(0.6-3.9)1.4(0.4-2.2)0.8
(0.9-5.0)3.0(1.2-7.3)1.1
Table 2; relative to the active group these relative risk estimates
were 1.1 (0.5-2.1 ) and 1.1 (0.6-2.2) for the low and moderately
(0.5-2.4)1.0(0.4-2.5)1.1
active groups, respectively.
Body size differences among groups with varying levels of
physical activity have been hypothesized to confound the phys
(0.7-3.2)1.5(0.3-2.0)1.9(0.8-4.6)0.9(0.4-1.9)High1.01.01.01.01.01.01.01.0P0.410.080.010.840.980.840.580.58
ical activity-large bowel cancer association (19). We found no
(0.6-2.3)0.7(0.2-2.1)1.2(0.6-2.2)Moderate1.0(0.4-2.4)2.0
evidence for confounding by eiher BMI or height. Our finding
of a stronger inverse physical activity-large bowel cancer asso
ciation among leaner men agrees with a previous report (12)
" Numbers in parentheses, 95% confidence interval.
and suggests that body size may modify the effect of activity.
It is possible that preclinical illness resulting in inactivity
could underly the increased risk seen among sedentary individ
differences in activity between men and women we also exam
ined in more detail the levels of activity reported by men and uals. The stronger inactivity-large bowel cancer relationship
seen among older and leaner men suggests this preclinical
women at Examination 12. At Examination 12 the same phys
illness effect. However, the relative risk estimates and test for
ical activity questionnaire was administered to all individuals
linear trend were essentially unchanged in men and women
seen at that examination (1366 men and 1863 women). Only
after excluding either the first 2 or 4 yr of follow-up. It seems
10% of women compared with 25% of men reported engaging
in any heavy activity by Examination 12. The level of any unlikely, therefore, that a preexisting illness effect accounted
for our results.
moderate activity was also lower in women (77%) compared
Although self-reported physical activity indices may be an
with men (83%). If the intensity of activity is a factor in the
improvement
over group estimates derived from occupation,
protective effect of physical activity as suggested by one pre
the
four
previously
published studies using self-reported physi
vious study (10), it is possible that too few women in this cohort
cal activity have assessed activity from a questionnaire admin
engaged in intense activity for a protective effect to be mani
istered only once. This single measure does not assess activity
fested.
over the follow-up interval nor does it assess the possible change
It is also likely that the physical activity index represents
in activity over time. The comparatively low correlation between
different types of activity for men and women. In this cohort
65% of the women were housewives. Only 9% of women were the physical activity indices of Examinations 4 and 12 (0.29 for
employed in jobs potentially requiring heavy activity, such as men and 0.17 for women) could suggest poor reliability of the
labor, whereas 41% of the men were employed as laborers. It is measure, or it could suggest that substantial changes occurred
in activity over time, which undoubtedly includes reduced activ
also noteworthy that, although physical activity, as measured
ity of retirement. Because of the limited number of cases occur
by the physical activity index at Examination 4, was inversely
ring after Examination 12 (35 male, 48 female) we were unable
related to heart disease among men in the Framington Study,
to examine the predictive value of physical activity at that
it was not associated with heart disease among women (18).
examination relative to subsequent large bowel cancer. The
An alternative explanation for the lack of an association
present analysis suggests that earlier physical activity is predic
between physical activity and large bowel cancer among women
in this study may be the lower overall incidence rates for large tive of subsequent large bowel cancer despite possible changes
bowel cancer among women compared with men (147 of in physical activity during the follow-up interval.
Of the six studies which examined rectal cancer separately
100,000 versus 180 of 100,000, respectively). Although the
incidence rates for men and women were similar to those in the from colon cancer, two found a similar or stronger increased
nearby state of Connecticut, the lower rates among women may risk for rectal cancer associated with inactivity (6, 7), whereas
3612
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Table 3 Relative risk estimates of colorÃ©ela!
cancer according to physical activity
stratified by age and body mass index at Examination 4 in the Framingham
Study
Models contain age and physical activity index.

PHYSICAL ACTIVITY AND LARGE BOWEL CANCER

REFERENCES
1. Persky, V., Dyer, A. R., Leonas, J., Stamler, J., Berkson, D. M., Linberg, H.
A., Paul, O., Shekelle. R. B., Lepper, M. H., and Schoenberger, J. A. Heart

rate: a risk factor for cancer? Am. J. Epidemiol., 114:477-487, 1981.
2. Garabrant, D. H., Peters, J. M., Mack, T. M., and Bernstein, L. Job activity
and colon cancer risk. Am. J. Epidemiol., 119: 1005-1014, 1984.
3. Vena, J. E., Graham. S.. Zielezny, M., Swanson. M. K., Barnes, R. E., and
Nolan, J. Lifetime occupational exercise and colon cancer. Am. J. Epidemiol..
122:357-365. 1985.
4. Gerhardsson, M., Norell, S., Kiviranta, H., Pedersen, N. L., and Ahlbom, A.
Sedentary jobs and colon cancer. Am. J. Epidemiol., 123: 775-780, 1986.
5. Vena, J. E., Graham, S., Zielezny, M., Brasure, J., and Swanson. M. K.
Occupational, exercise and risk of cancer. Am. J. Clin. Nutr., 45: 318-327,
1987.
6. Paffenbarger, R. S., Hyde, R. T., and Wing, A. L. Physical activity and
incidence of cancer in diverse popualtions: a preliminary report. Am. J. Clin.
Nutr., 45: 312-317, 1987.
7. Peters, R. K., Garabrant, D. H., Yu, M. C, and Mack, T. M. A case-control
study of occupational and dietary factors in colorÃ©ela!cancer in young men
by subsite. Cancer Res.. 49: 5459-5468, 1989.
8. Fredriksson, M., Bengtsson, N., Hardell, L.. and Axelson, O. Colon cancer,
physical activity, and occupational exposures. Cancer (Phila.), 63: 18381842, 1989.
9. Brownson, R. C., Zahm, S. H., Chang, J. C., and Blair, A. Occupational risk
of colon cancer. Am. J. Epidemiol., 130:675-687, 1989.
10. Slattery, M. L., Schumacher, M. C., Smith, K. R., West, D. W., and AbdElghany, N. Physical activity, diet, and risk of colon cancer in Utah. Am. J.
Epidemiol., 128:989-999. 1988.
11. Severson, R. K., Nomura, A. M. Y., Grove, J. S., and Stemmermann, G. N.
A prospective analysis of physical activity and cancer. Am. J. Epidemiol.,
130: 522-529, 1989.
12. Albanes, D., Blair, A., and Taylor, P. R. Physical activity and risk of cancer
in the NHANES I population. Am. J. Public Health, 79: 744-750, 1989.
13. Wu, A. H., Paganini-Hill, A., Ross, R. K., and Henderson, B. E. Alcohol,
physical activity, and other risk factors for colorectal cancer: a prospective
study. Br. J. Cancer, 55: 687-694. 1987.
14. Dawber, T. R., Meadors, G. F., and Moore, F. E., Jr. Epidemiological
approaches to heart disease: the Framington Study. Am. J. Public Health,
41: 279-286, 1951.
15. Kannel, W. B., and Sorlie, P. Some health benefits of physical activity: the
Framingham Study. Arch. Intern. Med., 139: 857-861, 1979.
16. Fleiss, J. L. Statistical Methods for Rates and Proportions, Ed. 2. New York:
John Wiley, 1981.
17. Cox. D. R.. and Oakes, D. O. Analysis of Survival Data. London: Chapman
and Hill. 1984.
18. Kannel, W. B., Wilson, P., and Blair, S. N. Epidemiological assessment of
the role of physical activity and fitness in development of cardiovascular
disease. Am. Heart J., 109: 876-885, 1985.
19. Albanes, D. Potential for confounding of physical activity risk assessment by
body weight and fatness. Am. J. Epidemiol., 125: 745-746, 1987.
20. Kohl, H. W., LaPorte, R. E., and Blair, S. N. Physical activity and cancer.
Sports Med., 6: 222-237, 1988.
21. Bartram, H. P., and Wynder, E. L. Physical activity and colon cancer risk?
Physiological considerations. Am. J. Gastroenterol., 84: 109-112, 1989.
22. Schatzkin, A.. Schiffman, M., and Lanza, E. Research priorities in large
bowel cancer prevention. Semin. Oncol., in press. 1990.
23. Rauramaa, R. Physical activity and prostanoids. Acta Med. Scand., 711:
137-142, 1986.

3613

Downloaded from http://aacrjournals.org/cancerres/article-pdf/50/12/3610/2439905/cr0500123610.pdf by guest on 13 August 2022

four found no increased risk associated with inactivity (2, 4, 5,
11). We were unable to examine rectal cancer separately due to
the small number of cases. When we examined only colon
cancer cases the realtive risk estimates for men and women
were essentially unchanged from those of both sites combined.
A variety of potential mechanisms by which physical activity
may confer protection against colon cancer have been proposed
(20, 21), including shortened gastrointestinal transit time, al
tered prostaglandin levels, improved immune function, altered
bile acid metabolism, increased levels of gastrointestinal hor
mones, decreased serum cholesterol, and associated beneficial
lifestyle changes, such as a low-fat diet. Although we were
unable to assess most of the above potential mechanisms in this
study, we did examine serum cholesterol. Serum cholesterol
was not correlated with physical activity in this cohort and,
thus, controlling for serum cholesterol in multivariate models
did not alter the relative risk estimates. In addition, there was
no evidence of confounding by demographic, body size, or
lifestyle factors in this study. Given the increasingly strong
evidence supporting an etiological role for dietary fat and other
dietary factors in large bowel carcinogenesis, studies should
attempt to control for dietary confounding (22).
The increased risk for large bowel cancer which we observed
among physically inactive men confirms consistent findings in
previous studies using both self-report and occupation to assess
physical activity (1-13). Studies on the physical activity-large
bowel cancer association among women are more limited and
less consistent (10-13). The narrow range of physical activity
and minimal heavy activity reported by women in this cohort
may limit, in part, our ability to detect an activity-cancer
association among women. Because both the intensity and
duration of exercise may modify the biological responses ob
served (23), studies examining the influence of physical activity
on various biological parameters should be designed to assess
varying intensities and durations of activity. The inclusion of
women with higher levels and intensities of activity in future
studies may help to clarify these inconsistencies.

