Abbreviations: BMI (calculated as weight in kilograms divided by height in meters squared); MPA, moderate physical activity; VPA, vigorous physical activity.
2Data are given as relative risk (95% confidence interval) unless otherwise specified. The multivariate models were adjusted for the covariates listed in a
footnote in Table 2. In each case, the stratification variable was excluded from the model. Within each stratum, the category of inactive subjects served as the
reference group.
b Recommendation for MPA: more than 3 hours of activity of at least moderate intensity per week corresponding to 30 minutes of activity of moderate intensity
on most days of the week.
¢Recommendation for VPA: 20 minutes of continuous vigorous exercise 3 or more times per week.

support to current physical activity guidelines, which en-
dorse 30 minutes of moderate activity on most days of
the week or 20 minutes of vigorous exercise 3 or more
times per week.*>?*

Apart from the present study, only 1 previous inves-
tigation* has quantified both moderate and vigorous ac-
tivity in a manner that facilitates a direct comparison with
the physical activity guidelines. That modestly sized study
from Germany® included 943 deaths and examined mor-
tality from any cause and found a statistically signifi-
cant inverse relation of recommended levels of activity
of moderate activity to risk of mortality in women (RR,
0.65;95% CI, 0.51-0.82) but not in men (RR, 0.90; 95%
CI, 0.77-1.01). Conversely, vigorous activity at recom-
mended levels was statistically significantly inversely re-
lated to mortality risk in men (RR, 0.74; 95% CI, 0.68-
0.94) but not in women (RR, 0.78; 95% CI, 0.57-1.08).

Previous epidemiologic studies of physical activity and
mortality generally presented data in study-specific cat-
egories that do not readily compare with the guidelines
or provided estimates of energy expenditure that re-
quire conversion into units of time before they can be
translated into levels that correspond to the guide-
lines.?? In those studies, an activity energy expenditure
of approximately 1000 kcal/wk—an amount that corre-
sponds to minimal adherence to the physical activity
guidelines—was associated with a 20% to 30% reduc-
tion in mortality risk.'618:40-43

Our study has numerous important strengths, includ-
ing the substantial cohort size yielding precise risk esti-
mates, the uniform criteria for ascertaining deaths, and
the evaluation of cause-specific mortality. Subjects with
preexisting chronic disease were excluded at baseline,
thereby reducing the potential influence of chronic dis-
ease on physical activity levels. In secondary analyses,
we further minimized the potential for bias due to un-
diagnosed chronic disease by excluding the initial fol-
low-up period and excluding subjects without regular
screening examinations.

Inclusion of BMI and cardiovascular risk factors in the
models had little impact on the physical activity and mor-
tality relation, suggesting that regulation of these fac-
tors explains only a small portion of the benefit of physi-
cal activity. In contrast, adjustment for smoking had an
appreciable impact on the association between vigorous
exercise and cancer mortality, indicating the impor-
tance of considering both vigorous exercise and smok-
ing levels in the assessment of cancer mortality risk.

Our study has certain limitations. Information on
physical activity was self-reported, which invariably en-
tails some degree of misclassification.* However, the large
cohort size prohibited us from using more accurate mea-
sures, such as activity monitors.* In addition, valida-
tion studies comparing physical activity assessments simi-
lar to those used in this cohort with referent methods
suggest that the reliability and validity of our instru-
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ment is comparable to self-reported measures used in other
cohorts.* Moreover, our activity measures were associ-
ated with current smoking, BM], television or video watch-
ing, and total energy intake in the hypothesized direc-
tions, providing evidence of construct validity of our
physical activity assessment. Using activity of at least mod-
erate intensity to approximate the guidelines for mod-
erate activity may have overstated the potential benefits
of moderate activity because it includes vigorous activi-
ties. Likewise, our measure of vigorous exercise may have
included some moderate activities, which would have un-
derstated the apparent protection afforded by vigorous
exercise. We were unable to adjust for family history of
cardiovascular disease, which may partly explain the stron-
ger observed effects of physical activity on cardiovascu-
lar mortality than on cancer mortality.

Engaging in some activity at less than recommended
levels provided protection from mortality. One poten-
tial explanation is overreporting of physical activity lev-
els among active individuals. Notwithstanding, data
from other studies!****%?847 suggesting that lower-than-
recommended activity levels may suffice to achieve
mortality benefits are intriguing and require further
evaluation.

Our findings showing that vigorous exercise was as-
sociated with a striking reduction in mortality risk among
individuals with high television or video watching indi-
cates that vigorous activity has the greatest potential for
health benefits among those who are physically inac-
tive. That individuals with greater activity levels con-
sumed more calories than their less active counterparts
suggests that apart from dietary intake, being physically
inactive represents an important determinant of posi-
tive energy balance.

Numerous governmental agencies and private orga-
nizations have made recommendations for the appropri-
ate amount of physical activity. The OSG, the CDC, the
ACSM, the Institute of Medicine of the National Acad-
emy of Sciences, and the joint US Department of Agri-
culture/Department of Health and Human Services Di-
etary Guidelines for Americans all endorse a minimum
of 30 minutes of moderate activity on most days of the
week for overall health benefits.*>*- In addition, sev-
eral agencies and organizations have formulated comple-
mentary physical activity recommendations targeted at
specific health goals such as weight control, cancer pre-
vention, or cardiorespiratory fitness. Specifically, the In-
stitute of Medicine recommends at least 60 minutes of
moderate activity each day,* and the US Dietary Guide-
lines advocate 60 minutes of moderate to vigorous ac-
tivity on most days of the week to prevent unhealthy adult
weight gain.”® The American Cancer Society calls for 45
to 60 minutes of moderate to vigorous activity on most
days of the week to reduce the risk of developing obesity-
related malignant conditions such as colon and breast can-
cers.”! The ACSM distinguishes between physical activ-
ity vs fitness and promotes vigorous activities for at least
20 minutes 3 times a week to improve cardiorespiratory
fitness.> Thus, physical activity recommendations vary
depending on the particular health issue of interest.

Mechanistic studies show that the beneficial effects of
physical activity and fitness involve biological pro-

cesses that primarily mediate risk for cardiovascular dis-
ease and cancer.* Many biological mechanisms are likely
to operate both with moderate and vigorous activity lev-
els.*2 One study suggests that genetic factors do not ac-
count for physical activity-related mortality differ-
ences.”® The independent nature of the association
between physical activity and mortality that we ob-
served following adjustment for and stratification by body
mass index indicates that the metabolic pathways by which
physical activity reduces mortality risk are not medi-
ated through its impact on weight control. This sug-
gests the value of regular exercise in promoting longev-
ity not just for normal weight individuals but also for those
who are overweight or obese.

In summary, engaging in more than 3 hours of at least
moderate intensity activity per week decreases the risk
of mortality by 27%. Substantial reduction in mortality
risk can also be accomplished by 20 minutes of vigor-
ous exercise 3 times per week. We conclude that follow-
ing physical activity recommendations is associated with
lower risk of death. In addition, our findings suggest that
engaging in any physical activity by those who are cur-
rently sedentary represents an important opportunity to
decrease the risk of mortality.
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WALKING COMPARED WITH VIGOROUS EXERCISE FOR THE PREVENTION
OF CARDIOVASCULAR EVENTS IN WOMEN

JoANN E. MansoN, M.D., DRr.P.H., PHiLIP GREENLAND, M.D., ANDREA Z. LACRoIX, PH.D.,
MARcIA L. STEFANICK, PH.D., CHARLES P. MouTon, M.D., ALBERT OBERMAN, M.D., M.P.H., MicHAEL G. PERRI, PH.D.,
DAavD S. SHeps, M.D., MARY B. PETTINGER, M.S., AND DAviD S. Siscovick, M.D., M.P.H.

ABSTRACT

Background The role of walking, as compared with
vigorous exercise, in the prevention of cardiovascular
disease remains controversial. Data for women who
are members of minority racial or ethnic groups are
particularly sparse.

Methods We prospectively examined the total
physical-activity score, walking, vigorous exercise,
and hours spent sitting as predictors of the incidence
of coronary events and total cardiovascular events
among 73,743 postmenopausal women 50 to 79 years
of age in the Women'’s Health Initiative Observational
Study. At base line, participants were free of diagnosed
cardiovascular disease and cancer, and all participants
completed detailed questionnaires about physical ac-
tivity. We documented 345 newly diagnosed cases of
coronary heart disease and 1551 total cardiovascular
events.

Results An increasing physical-activity score had
a strong, graded, inverse association with the risk of
both coronary events and total cardiovascular events.
There were similar findings among white women and
black women. Women in increasing quintiles of ener-
gy expenditure measured in metabolic equivalents
(the MET score) had age-adjusted relative risks of cor-
onary events of 1.00, 0.73, 0.69, 0.68, and 0.47, respec-
tively (P for trend, <0.001). In multivariate analyses,
the inverse gradient between the total MET score and
the risk of cardiovascular events remained strong (ad-
justed relative risks for increasing quintiles, 1.00, 0.89,
0.81, 0.78, and 0.72, respectively; P for trend <0.001).
Walking and vigorous exercise were associated with
similar risk reductions, and the results did not vary
substantially according to race, age, or body-mass in-
dex. A brisker walking pace and fewer hours spent
sitting daily also predicted lower risk.

Conclusions These prospective data indicate that
both walking and vigorous exercise are associated
with substantial reductions in the incidence of cardio-
vascular events among postmenopausal women, irre-
spective of race or ethnic group, age, and body-mass
index. Prolonged sitting predicts increased cardio-
vascular risk. (N Engl J Med 2002;347:716-25.)
Copyright © 2002 Massachusetts Medical Society.
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HYSICAL activity has been associated with

a reduced risk of cardiovascular disease in ep-

idemiologic studies,? but data for women

and members of minority ethnic groups have
been sparse. Moreover, the specific role of walking, the
most common form of exercise among women,? has
been addressed only minimally. Federal guidelines
from the Centers for Disease Control and Prevention
and the American College of Sports Medicine,* as well
as the Surgeon General’s Report on Physical Activity
and Health,? endorse at least 30 minutes of moderate-
intensity physical activity on most, and preferably all,
days of the week, in contrast to earlier guidelines that
recommended vigorous endurance exercise for at least
20 minutes three or more times per week.5 Although
the federal guidelines encourage a level of activity that
is safe, accessible, and feasible for most Americansé (at
least 75 percent of whom have less than the recom-
mended level of activity?), the potential benefits of
moderate-intensity activity in preventing cardiovascu-
lar events remain uncertain. Moreover, the role of time
spent in sedentary behavior, such as sitting, in predict-
ing risk remains relatively unexplored.

We therefore compared the roles of walking and
vigorous exercise in the prevention of coronary and
cardiovascular events in a large, ethnically diverse co-
hort of postmenopausal women. Using detailed assess-
ments of physical activity, we examined the magnitude
of associations between each of the measures of phys-
ical activity (the total physical-activity score, the inten-
sity of exercise {walking vs. vigorous exercise], and the
hours spent sitting) and the incidence of cardiovascular
events.

METHODS
Study Population

The study population consisted of 73,743 women who were en-
rolled in the Women’s Health Initiative Observational Study, which
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involved a national, multicenter cohort of postmenopausal women
who were 50 to 79 years of age at entry. The Women’s Health Ini-
tiative is a prospective, ethnically and racially diverse, multicenter
clinical trial and observational study designed to address the major
causes of illness and death in postmenopausal women (see the Ap-
pendix for a list of study investigators). A total of 93,676 women
were enrolled in the observational study at 40 clinical centers be-
tween 1994 and 1998. Criteria for exclusion from the study includ-
ed the presence of any medical condition associated with predicted
survival of less than three years (e.g., class IV congestive heart fail-
ure, obstructive lung disease requiring supplemental oxygen, or se-
vere chronic liver or kidney disease), alcoholism, mental illness, or
dementia. In addition, women were excluded from the present
analyses if; at base line, they had a history of coronary heart disease,
stroke, or cancer; were nonambulatory (unable to walk at least one
block); or had missing data on the physical-activity questionnaire.
After women had been excluded for these reasons, 73,743 women
remained in the analysis. Of these women, 61,574 were non-His-
panic white, 5661 were non-Hispanic black, 2880 were Hispanic,
2288 were Asian or Pacific Islander, and 1340 were American In-
dian or of other racial or ethnic background. Race was self-assigned.
Details of the scientific rationale, design, eligibility requirements,
and base-line characteristics of the cohort have been published
elsewhere.”

Exposure Assessment

All women enrolled in the Observational Study were required to
come for a clinic visit for base-line screening. At this visit, women
completed self-administered questionnaires related to personal and
family medical history, physical activity, smoking, diet, and other
behavioral and lifestyle-related factors. Clinical measurements in-
cluding height, weight, waist and hip circumferences, and blood
pressure were obtained by trained staff members. All women pro-
vided written informed consent, and the study protocol was ap-
proved by the institutional review board of each center.

Recreational physical activity was assessed by a detailed question-
naire on the frequency and duration of walking and of several other
types of activity (strenuous, moderate, and mild). Walking was as-
sessed by a series of questions about the frequency of walks out-
side the home for more than 10 minutes without stopping, the av-
erage duration of each walk, and the usual walking pace. Vigorous
exercise was defined as that in which “you work up a sweat and your
heart beats fast,” and examples included aerobics, aerobic dancing,
jogging, tennis, and swimming laps. Moderate exercise was defined
as that which was “not exhausting,” and examples included biking
outdoors, using an exercise machine (such as a stationary bicycle or
a treadmill), calisthenics, easy swimming, and popular or folk danc-
ing. Examples of mild exercise were slow dancing, bowling, and
golf. Using a standardized classification of the energy expenditure
associated with physical activities,® we calculated a weekly energy-
expenditure score in metabolic equivalents (MET score) for walking
and for total physical activity. Finally, participants were asked to
estimate the number of hours per day they spent engaged in seden-
tary behavior, including time spent sitting as well as lying down
or sleeping.

Reproducibility and Validation of the Physical-Activity
Assessment

A sample of participants in the Observational Study (1092 wom-
en) was recruited into a reliability study to assess the reproducibility
of selected questionnaires, including the physical-activity assessment.
The average time between base line and repeated assessments was
three months. The test—retest reliability for recreational physical
activity, including walking and strenuous activity, was assessed
(weighted kappas among all women ranged from 0.67 to 0.71).7
The intraclass correlation coefficient for the primary summary var-
iable (total energy expenditure in MET from all recreational phys-

ical activity) was 0.77. A similar physical-activity questionnaire has
been found to be correlated with physical-activity diaries (r=0.62)
and with one-week recall of activity (r=0.79) in a cohort of female
health professionals.®

Ascertainment of End Points

The primary end points for this study were newly diagnosed cor-
onary heart disease (nonfatal myocardial infarction or death from
coronary causes) and total cardiovascular events (myocardial infarc-
tion, death from coronary causes, coronary revascularization, angi-
na, congestive heart failure, stroke, or carotid revascularization) that
occurred after the return of the base-line questionnaire but before
August 27, 2000. Newly diagnosed cardiovascular events were iden-
tified on the basis of annual mailed follow-up questionnaires (re-
sponse rates have been above 95 percent), and permission to review
medical records was requested. Study physicians with no knowledge
of the self-reported risk-factor status reviewed the records. The di-
agnosis of nonfatal myocardial infarction was confirmed if data in
the hospital record met standardized criteria of diagnostic electro-
cardiographic changes, elevated cardiac-enzyme levels, or both.10
Treatment with coronary or carotid revascularization was confirmed
by documentation of the procedure in the medical record. The pres-
ence of angina was confirmed by hospitalization and confirmatory
evidence on angiography, diagnostic stress test, or diagnosis by a
physician and medical treatment. The occurrence of stroke was con-
firmed by documentation in the medical record of the rapid onset
of a neurologic deficit consistent with stroke and lasting at least 24
hours or until death. The presence of congestive heart failure was
confirmed by hospitalization and diagnostic confirmatory tests.

Fatal coronary disease was considered confirmed if there was doc-
umentation in the hospital or autopsy records or if coronary disease
was listed as the cause of death on the death certificate and evidence
of previous coronary disease was available. For deaths from other
cardiovascular causes, a review of confirmatory evidence by physi-
cian-adjudicators was required.

Statistical Analysis

Our primary analyses used the detailed physical-activity assess-
ment at base line. Person-time for each woman was calculated from
the date of return of the base-line questionnaire to the date of a con-
firmed cardiovascular event, death from any cause, or August 27,
2000, whichever came first. Age-adjusted relative risks were com-
puted as the incidence rate in a specific category of activity divid-
ed by the incidence rate in the lowest quintile, with adjustment
for one-year age categories. We conducted tests of linear trend by
treating the categories as a continuous variable and assigning the
median score for each category.l! All tests of statistical significance
were two-sided.

We used Cox proportional-hazards regression!? to adjust simul-
taneously for potential confounding variables, including age, smok-
ing status, body-mass index (the weight in kilograms divided by the
square of the height in meters), the ratio of the waist circumfer-
ence to the hip circumference, alcohol consumption, age at meno-
pause, use of hormone-replacement therapy, parental history of pre-
mature myocardial infarction (before 55 years of age in the father
or before 65 years of age in the mother), race or ethnic group, ed-
ucation, family income, and several dietary variables. Additional
models controlled for history or absence of history of hypertension,
diabetes, and high cholesterol levels, as well as for functional status
and a summary score for mental and emotional health.13 The total
MET score, the MET score for walking, time spent in vigorous ex-
ercise, walking pace, and hours spent sitting and lying down or
sleeping were analyzed separately. Differences in the results for ac-
tivity according to race (white women vs. black women), age, and
body-mass index were assessed. Secondary analyses excluded data
for the first year of follow-up in order to minimize potential bias
caused by the presence of subclinical disease.
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RESULTS

During up to 5.9 years of follow-up (mean, 3.2
years; total, 232,971 person-years), we documented
345 newly diagnosed cases of coronary disease (287
nonfatal myocardial infarctions and 58 deaths from
coronary causes), 309 strokes, and 1551 first cardio-
vascular events among the 73,743 women 50 to 79
years of age who completed a detailed physical-activ-
ity questionnaire, were ambulatory, and were free of
cardiovascular disease and cancer at base line. The
base-line characteristics of the cohort and the distri-

bution of physical-activity profiles and other risk fac-
tors have been described elsewhere.”

The total physical-activity score (in MET-hours per
week) at base line had a strong inverse relation with
the risk of coronary heart disease during the follow-up
period (Table 1). In age-adjusted analyses, the rela-
tive risk declined with increasing quintiles of the to-
tal MET score (1.00, 0.73, 0.69, 0.68, and 0.47, re-
spectively; P for trend <0.001). Risk reductions for
increasing categories of walking (P for trend = 0.004)
were similar to those for increasing categories of vig-

TABLE 1. RELATIVE RiSKS OF CARDIOVASCULAR DISEASE ACCORDING TO QUINTILE
OF TOTAL PHYSICAL-ACTIVITY SCORE AND CATEGORIES OF WALKING AND VIGOROUS EXERCISE.*

P VALUE
CATEGORY QuINTILE OF ToTAL MET-HR PER WK FOR TREND
1 5
(LOWEST) 2 3 4 (HIGHEST)
Total exercise
Total MET score (MET-hr/wk)
Median 0 4.2 10.0 17.5 32.8
Range 0-24 25-7.2 7.3-13.4 13.5-23.3 =234
Coronary heart disease
No. of cases 92 70 68 70 45
No. of person-years 44,989 45,329 46,003 49,338 47,312
Age-adjusted relative risk (95% CI) 1.00 0.73 (0.53-0.99) 0.69 (0.51-0.95) 0.68 (0.50-0.93) 047 (0.33-0.67) <0.001
Total cardiovascular disease
No. of cases 396 342 304 281 228
No. of person-years 44,448 44,836 45,550 48,948 46,972
Age-adjusted relative risk (95% CI) 1.00 0.83 (0.71-0.95) 0.72 (0.62-0.84) 0.63 (0.54-0.74) 0.55 (0.47-0.65)  <0.001
Multivariate relative risk (95% CI) 1.00 0.89 (0.75-1.04) 0.81 (0.68-0.97) 0.78 (0.66—-0.93) 0.72 (0.59-0.87)  <0.001
Walking
Energy expenditure (MET-hr/wk)
Median 0 15 3.8 7.5 16.7
Range None 0.1-25 2.6-5.0 5.1-10.0 >10.0
Coronary heart disease
No. of cases 133 64 52 47 49
Age-adjusted relative risk (95% CI) 1.00 0.71 (0.53-0.96) 0.60 (0.44-0.83) 0.54 (0.39-0.76) 0.61 (0.44-0.84) 0.004
Total cardiovascular disease
No. of cases 550 322 249 236 194
Age-adjusted relative risk (95% CI) 1.00 0.88 (0.77-1.01) 0.70 (0.60-0.81) 0.66 (0.57-0.77) 0.58 (0.49-0.68)  <0.001
Multivariate relative risk (95% CI) 1.00 0.91 (0.78-1.07) 0.82 (0.69-0.97) 0.75 (0.63-0.89) 0.68 (0.56-0.82)  <0.001
Vigorous exercise
Energy expenditure (min of strenuous
exercise /wk)
Median Q 30 90 140 210
Range None 1-60 © 61-100 101-150 >150
Coronary heart disease
No. of cases 269 35 13 14 14
Age-adjusted relative risk (95% CI) 1.00 1.12 (0.79-1.60) 0.56 (0.32-0.98) 0.73 (0.43-1.25) 0.58 (0.34~0.99) 0.008
Total cardiovascular disease
No. of cases 1220 125 78 61 67
Age-adjusted relative risk (95% CI) 1.00 0.87 (0.72-1.04) 0.73 (0.58-0.92) 0.69 (0.53-0.89) 0.60 (0.47-0.76)  <0.001
Multivariate relative risk (95% CI) 1.00 0.91 (0.73-1.12) 0.81 (0.63-1.06) 0.85 (0.64-1.13) 0.76 (0.58-1.00) 0.01

*Coronary heart disease includes nonfatal myocardial infarction and fatal coronary disease. Multivariate models included age (as a continuous variable),
smoking status (0, 1 to 14, 15 to 24, or =25 cigarettes per day), race or ethnic group (non-Hispanic white, non-Hispanic black, Hispanic, Asian, or other), level
of education (5 categories), family income (7 categories), body-mass index (<25.0, 25.0 to 29.9, or =30.0), waist-to-hip ratio (as a continuous variable), level
of alcohol intake (0, 1 t0 4, 5 to 14, or =15 ¢ per day), parental history of premature myocardial infarction, age at menopause, use or nonuse of hormone-
replacement therapy, percentage of calories from saturated fat, number of servings of fruit and vegetables per day, and dietary fiber intake (g per day). MET
denotes metabolic equivalent, and CI confidence interval.
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Figure 1. Age-Adjusted Relative Risks of Cardiovascular Disease According to Quintile of Total MET Score in Subgroups Defined by

Race, Age, and Body-Mass Index (BMI).

The reference category is the lowest quintile of MET score.
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Figure 2. Age-Adjusted Relative Risks of Cardiovascular Disease According to Energy Expenditure from Walking (MET-Hr/Wk)
in Subgroups Defined by Race, Age, and Body-Mass Index {(BMI).

The reference category is the lowest category of energy expenditure from walking.
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orous exercise (activities with MET scores of 6 or
higher; P for trend =0.008) (Table 1).

Reductions in the risk of total cardiovascular events
with increasing categories of total MET scores, walk-
ing, and vigorous exercise were similar to those for the
risk of coronary disease (Table 1). Women who either
walked or exercised vigorously at least 2.5 hours per
week had a risk reduction of approximately 30 percent.
Similar reductions in the risk of cardiovascular events
with an increasing MET score were observed for white
women and for black women (for other racial and eth-
nic groups, the samples were not large enough to be
analyzed separately), as well as for women in different
categories of age or body-mass index (Fig. 1). The rel-
ative risk of cardiovascular disease in the highest quin-
tile of MET score as compared with the lowest quin-
tile was 0.55 (95 percent confidence interval, 0.47 to
0.65) among white women and 0.48 (95 percent con-
fidence interval, 0.25 to 0.93) among black women.
Moreover, increasing categories of walking were in-
versely associated with the risk of cardiovascular events
in each of these subgroups (Fig. 2). Women who en-
gaged in both walking and vigorous exercise had great-
er reductions in cardiovascular risk than those who
did either one alone (the age-adjusted relative risk for
those in the highest category of each was 0.37 [95
percent confidence interval, 0.25 to 0.57]) (Fig. 3).

1.00

1.0

0.8+

0.6

0.4

0.2+

0.0

<25

Age-Adjusted Relative Risk of Cardiovascular Disease

O 0 min/wk

2.6-10.0
Energy Expenditure from Walking (MET-hr/wk)

In multivariate analyses, after simultaneous control
for age, race or ethnic group, smoking status, body-
mass index, waist-to-hip ratio, socioeconomic status,
several dietary factors, and other covariates, physical
activity remained a powerful predictor of the subse-
quent risk of cardiovascular events (Table 1). For in-
creasing quintiles of the total MET score, the relative
risks were 1.00, 0.89, 0.81, 0.78, and 0.72, respec-
tively (P for trend <0.001). Increasing categories of
walking were associated with similar reductions in risk
(relative risks, 1.00, 0.91, 0.82, 0.75, and 0.68, respec-
tively; P for trend <0.001), which were also similar
to the risk reductions with vigorous exercise (Table 1)
and remained unchanged after simultaneous inclusion
of walking and vigorous exercise in the model. These
results were not substantially altered after further con-
trol for biologic variables that could be considered to
be in the causal pathway, such as hypertension, hyper-
cholesterolemia, and diabetes, and for the summary
score for mental and emotional health!® (the relative
risks of cardiovascular events with increasing total
MET scores were 1.00, 0.92,0.87, 0.83, and 0.77,
respectively; P for trend = 0.008). When we exclud-
ed data from the first year of follow-up (to minimize
potential bias caused by the influence of subclinical
disease on the activity level), the results were not ma-
terially altered (the multivariate relative risk of car-

O 1-100 min/wk >100 min/wk
of vigorous of vigorous
exercise exercise

of vigorous
exercise

P<0.05 for all comparisons with
reference group (RR=1.00)

0.67

>10.0

Figure 3. Joint Association of Walking and Vigorous Exercise with the Age-Adjusted Relative Risk of Cardiovascular Disease.

RR denotes relative risk.
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diovascular disease for women in the highest quintile
of total MET score was 0.76 [95 percent confidence
interval, 0.61 to 0.96; P for trend = 0.02]).

Walking pace was also an important determinant
of reduction in cardiovascular risk (Fig. 4). As com-
pared with women who never or rarely walked (the
reference category, with a relative risk of 1.00), wom-
en who walked at faster paces of 2 to 3 miles per hour
(mph) (3.2 to 4.8 km per hour), 3 to 4 mph (4.8 to
6.4 km per hour), and more than 4 mph had relative
risks of cardiovascular disease of 0.86, 0.76, and 0.58,
respectively (P for trend = 0.002), according to multi-
variate models that included control for time spent
walking.

Finally, we assessed the relation between hours
spent sitting, as well as hours spent lying down or
sleeping, and the risk of cardiovascular events. After
we accounted for age and recreational energy expend-
iture (total MET score), the relative risk of cardiovas-
cular disease was 1.38 (95 percent confidence interval,
1.01 to 1.87) among women who spent 12 to 15
hours per day lying down or sleeping and 1.68 (95

percent confidence interval, 1.07 to 2.64) among
women who spent at least 16 hours per day sitting, as
compared with those who spent less than 4 hours per
day. Other durations of sitting or lying down were not
significantly associated with cardiovascular risk.

DISCUSSION

These prospective data from an ethnically diverse
cohort of postmenopausal women indicate that both
walking and vigorous exercise are associated with sub-
stantial reductions in the incidence of cardiovascular
events. In contrast, prolonged time spent sitting pre-
dicts increased risk. We observed similar magnitudes
of risk reduction with walking and vigorous exercise,
and the results were similar among white women and
black women as well as among women in different age
groups and categories of body-mass index. These find-
ings extend those of previous analyses from predom-
inantly white populations#7 to a racially and ethni-
cally diverse cohort of women in the United States.
The results also lend further support to current fed-
eral exercise guidelines that endorse moderate-inten-

1.1 1.07 1.06 O Adjusted for age and walking time B Multivariate
: P for trend <0.001 P for trend=0.002
o 107
7]
@©
_% 0.9
[m)
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= 0.73 :
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T
@© 4
3 0.5
w—
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R
0.3
)
=
(_*5‘ 0.2
)
0.1
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Rarely or never <2 mph 2to 3 mph 3to 4 mph >4 mph
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(n=10,896) (n=10,690) (n=30,5623) (n=17,555) (n=990)

Walking Pace {(mph) among Walkers

Figure 4. Multivariate Relative Risk of Cardiovascular Disease and Relative Risk Adjusted for Age and Walking Time, According to

Walking Pace.

Multivariate relative risks were adjusted for age, time spent walking, smoking status (0, 1 to 14, 15 to 24, or =25 cigarettes per day),
race or ethnic group, level of education, annual family income, body-mass index, waist-to-hip ratio, level of alcohol intake, parental
history of premature myocardial infarction, age at menopause, use or nonuse of hormone-replacement therapy, percentage of cal-
ories from saturated fat, number of servings of fruit and vegetables per day, and dietary fiber intake. To convert values for distance

to kilometers, multiply by 1.6.

722 . N Engl ] Med, Vol. 347, No. 10 - September 5, 2002

© www.nejm.org

The New England Journal of Medicine
Downloaded from nejm.org at NATIONAL INSTITUTE OF INFECTIOUS DISEASE on August 23, 2011. For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.

-336-



EXERCISE AND CARDIOVASCULAR DISEASE IN WOMEN

sity exercise for at least 30 minutes on most, and
preferably all, days of the week.>* Women who either
walked briskly or exercised vigorously at least 2.5 hours
per week had a risk reduction of approximately 30
percent. Evidence of the applicability of these guide-
lines to nonwhite women is of particular importance
because of the high prevalence of sedentary lifestyles,
obesity, and related conditions in minority popula-
tions.?

Strengths of the present study include the prospec-
tive design, the large size, the racial and ethnic diver-
sity of the cohort, the detailed assessment of physical
activity as well as sedentary behavior, and the uniform
and strict criteria for the coronary and cardiovascular
end points. Women with diagnosed cardiovascular dis-
ease or cancer at base line and those who were non-
ambulatory (unable to walk at least one block) were
excluded from the analyses. These exclusions and the
prospective design minimized any influence of preex-
isting disease on the level of physical activity. More-
over, we performed secondary analyses excluding data
from the first year of follow-up in order to minimize
bias related to the presence of subclinical disease. The
strong dose—response gradient observed between the
physical-activity level and the reduced risk of cardio-
vascular disease and the consistency of the findings
across strata of age, race, and body-mass index lend
further credence to a causal interpretation. Other
strengths of the study include the high follow-up rate
and the detailed information about potential con-
founding variables.

Because our multivariate analyses controlled for
several factors that could be considered to be interme-
diate biologic variables,? such as body-mass index and
waist-to-hip ratio, and additional models controlled
for history of hypertension, hypercholesterolemia, and
diabetes, our analyses provide a conservative estimate
of the relation between activity and cardiovascular
disease. Physical activity may be associated with even
greater reductions in cardiovascular risk — closer to
the 50 percent reductions found in our age-adjusted
analyses — given that the relative risks derived from
the multivariate models estimate the effects of exercise
without taking into account its favorable influence on
adiposity and related morbidity.

Some limitations of our study also deserve atten-
tion. Physical activity was assessed by questionnaire,
and some misclassification of exposure was inevitable.
Nondifterential misclassification of exposure, howev-
er, would be expected to bias the risk estimate toward
unity; thus, it cannot explain the strong inverse asso-
ciations observed between the level of physical activity
and the incidence of cardiovascular events. Despite the
fact that we controlled for a large number of poten-
tially confounding variables in our multivariate analy-
ses, residual confounding by lifestyle-related factors

N Engl J Med, Vol. 347, No. 10 - September 5, 2002

cannot be excluded. Finally, our study population of
volunteers in the Women’s Health Initiative, although
of more diverse racial and ethnic background and so-
cioeconomic status than most previously studied co-
horts, is not an entirely representative cross-section of
women in the United States.

More than 40 epidemiologic studies have addressed
the relation between exercise and cardiovascular dis-
ease,b2 but only one third of published studies have
included women,428 and few of these have specifical-
ly addressed the role of walking.}*19 In previous stud-
ies, results for women have been generally similar to
those for men, indicating that risk among both sexes
is reduced by 30 to 50 percent with regular physical
activity. Recent reports from several large-scale cohort
studies involving women!*1520 have suggested that
moderate and vigorous exercise have similar cardio-
vascular benefits, but these cohorts were predominant-
ly white. Moreover, to our knowledge, no previous
large-scale study has addressed the relation between
walking and cardiovascular events in black women or
the role of sitting after accounting for recreational en-
ergy expenditure in women. The evidence that mod-
erate-intensity activity is associated with a similar mag-
nitude of reduction in cardiovascular risk among white
women and black women, among younger and older
postmenopausal women, and across the spectrum of
adiposity is important for the targeting of these diverse
groups with health-promotion activities. The cardio-
vascular benefits of walking?® and even moderate lev-
els of physical fitness273? also appear to apply to men.

An important role for both moderate and vigorous
exercise in reducing cardiovascular risk is also biolog-
ically plausible. Increasing intensity or duration of ex-
ercise has a graded relation to improvements in lipid
levels33! and insulin sensitivity.3? Moderate-intensity
activity may produce reductions in diastolic blood
pressure similar to those achieved with vigorous exer-
cise and may produce even greater reductions in sys-
tolic blood pressure.? Moderate exercise coupled with
modification of the diet led to a reduced risk of type
2 diabetes among subjects with impaired glucose tol-
erance.3%%* Moreover, equivalent energy expenditure
with moderate or vigorous exercise leads to similar
reductions in adipose mass.? Finally, physical activity
of any intensity has been linked to improvement in
emotional well-being.?

In conclusion, these prospective data from a large
and diverse cohort of postmenopausal women indicate
that both walking and vigorous exercise are associat-
ed with substantial reductions in the risk of cardio-
vascular events. A graded inverse relation was observed
among both white women and black women, lean
women and obese women, and younger women and
older women. Moreover, prolonged time spent sitting
predicted increased risk. These findings lend support
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to current federal guidelines that endorse moderate-
intensity activity, including walking. Although vig-
orous exercise should not be discouraged for those
who choose a higher intensity of activity, our results
indicate that moderate-intensity exercise confers sub-
stantial health benefits for postmenopausal women.
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Shumaker, P. Rautaharju (Bowman Gray School of Medicine, Winston-
Salem, N.C.); E. Stein (Medical Research Labs, Highland Heights, Ky.); S.
Cummings (University of California at San Francisco, San Francisco); J. Himes
(University of Minnesota, Minneapolis); S. Heckbert (University of Wash-
ington, Seattle). Chinical centers: S. Wassertheil-Smoller (Albert Einstein Col-
lege of Medicine, Bronx, N.Y.); J. Hays (Baylor College of Medicine, Hous-
ton); J. Manson (Brigham and Women’s Hospital and Harvard Medical
School, Boston); A.R. Assaf (Brown University, Providence, R.I.); L. Phillips
(Emory University, Atlanta); S. Beresford (Fred Hutchinson Cancer Research
Center, Seattle); J. Hsia (George Washington University Medical Center,
Washington, D.C.); C. Ritenbaugh (Kaiser Permanente Center for Health
Research, Portland, Oreg.); B. Caan (Kaiser Permanente Division of Re-
search, Oakland, Calif); J. Morley Kotchen (Medical College of Wisconsin,
Milwaukee); B.V. Howard (Medstar Research Institute, Washington, D.C.);
L. Van Horn (Northwestern University, Chicago and Evanston, IlL.); H. Black
(Rush—Presbyterian-St. Luke’s Medical Center, Chicago); M.L. Stefanick
(Stanford Center for Research in Disease Prevention, Stanford University,
Stanford, Calif); D. Lane (State University of New York at Stony Brook,
Stony Brook); R. Jackson (Ohio State University, Columbus); C.B. Lewis
(University of Alabama at Birmingham, Birmingham); T. Bassford (University
of Arizona, Tucson and Phoenix); M. Trevisan (State University of New
York at Buffalo, Buffalo); J. Robbins (University of California at Davis, Sac-
ramento); A. Hubbell (University of California at Irvine, Orange); H. Judd
(University of California at Los Angeles, Los Angeles); R.D. Langer (Uni-
versity of California at San Diego, LaJolla and Chula Vista); M. Gass (Uni-
versity of Cincinnati, Cincinnati); M. Limacher (University of Florida,
Gainesville and Jacksonville); D. Curb (University of Hawaii, Honolulu);
R. Wallace (University of Iowa, Iowa City and Davenport); J. Ockene (Uni-
versity of Massachusetts, Worcester); N. Lasser (University of Medicine and
Dentistry of New Jersey, Newark); M.J. O’Sullivan (University of Miami,
Miami); K. Margolis (University of Minnesota, Minneapolis); R. Brunner
(University of Nevada, Reno); G. Heiss (University of North Carolina, Chap-
el Hill); L. Kuller (University of Pittsburgh, Pittsburgh); K.C. Johnson (Uni-
versity of Tennessee, Memphis); R. Schenken (University of Texas Health
Science Center, San Antonio); C. Allen (University of Wisconsin, Madison);
G. Burke (Wake Forest University School of Medicine, Winston-Salem,
N.C.); S. Hendrix (Wayne State University School of Medicine and Hutzel
Hospital, Detroit).

REFERENCES

1. Powell KE, Thompson PD, Caspersen CJ, Kendricks JS. Physical activity
and the incidence of coronary heart disease. Annu Rev Public Health 1987;
8:253-87.

2. Berlin JA, Colditz GA. A meta-analysis of physical activity in the pre-
vention of coronary heart disease. Am ] Epidemiol 1990;132:612-28.

3. Department of Health and Human Services. Physical activity and
health: a report of the Surgeon General. Atlanta: Department of Health
and Human Services, Centers for Disease Control and Prevention, Nation-
al Center for Chronic Disease Prevention and Health Promotion, 1996.
4. Pate RR, Pratt M, Blair SN, et al. Physical activity and public health: a
recommendation from the Centers for Disease Control and Prevention and
the American College of Sports Medicine. JAMA 1995;273:402-7.

724 - N Engl ] Med, Vol. 347, No. 10 - September 5, 2002

5. American College of Sports Medicine. Guidelines for exercise testing
and prescription. 3rd ed. Philadelphia: Lea & Febiger, 1986.

6. Manson JE, Lee I-M. Exercise for women — how much pain for opti-
mal gain? N Engl ] Med 1996;334:1325-7.

7. Langer RD, White E, Lewis CE, et al. Baseline characteristics of the
participants in the Observational Study of the Women’s Health Initiative
and reliability of baseline measures. Ann Epidemiol (in press).

8. Ainsworth BE, Haskell WL, Whitt MC, et al. Compendium of physical
activities: an update of activity codes and MET intensities. Med Sci Sports
Exerc 2000;32:Suppl:5498-5504.

9. Wolf AM, Hunter DJ, Colditz GA, et al. Reproducibility and validity
of a self-administered physical activity questionnaire. Int J Epidemiol 1994;
23:991-9.

10. Curb D, McTiernan A, Heckbert SR, et al. Women’s Health Initiative:
outcomes. Ann Epidemiol (in press).

11. Kleinbaum DG, Kupper L, Morgenstern H, eds. Epidemiologic re-
search: principles and quantitative methods. New York: Van Nostrand
Reinhold, 1982.

12. SAS procedure guide, release 8.02 ed. Cary, N.C.: SAS Institute,
1999-2001.

13. Ware JE, Kosinski M, Keller SD. SF-36 physical and mental health
summary scales: a user’s manual. Boston: The Health Institute, 1994.

14. Manson JE, Hu FB, Rich-Edwards JW, et al. A prospective study of
walking compared with vigorous exercise in the prevention of coronary
heart disease in women. N Engl ] Med 1999;341:650-8.

15. Lee I-M, Rexrode KM, Cook NR, Manson JE, Buring JE. Physical
activity and coronary heart disease in women: Is “no pain, no gain” passé?
JAMA 2001;285:1447-54.

16. Sesso HD, Paffenbarger RS Jr, Ha CY, Lee I-M. Physical activity and
cardiovascular disease risk in middle-aged and older women. Am J Epide-
miol 1999;150:408-16.

17. LaCroix AZ, Leveille SG, Hecht JA, Grothaus LC, Wagner EH. Does
walking decrease the risk of cardiovascular disease hospiralizations and
death in older adults? ] Am Geriatr Soc 1996;44:113-20.

18. Lemaitre RN, Heckbert SR, Psaty BM, Siscovick DS. Leisure-time
physical activity and the risk of nonfatal myocardial infarction in postmeno-
pausal women. Arch Intern Med 1995;155:2302-8.

19. Folsom AR, Arnett DK, Hutchinson RG, Liao E, Clegg LX, Cooper
LS. Physical activity and incidence of coronary heart disease in middle-aged
women and men. Med Sci Sports Exerc 1997;29:901-9.

20. Kushi LH, Fee RM, Folsom AR, Mink PJ, Anderson KE, Sellers TA.
Physical activity and mortality in postmenopausal women. JAMA 1997;
277:1287-92.

21. Brunner D, Manelis G, Modan M, Levin S. Physical activity at work
and the incidence of myocardial infarction, angina pectoris and death due
to ischemic heart disease: an epidemiologic study in Israeli collective set-
tlements (Kibbutzim). ] Chronic Dis 1974;27:217-33.

22. Salonen JT, Puska P, Tuomilehto J. Physical activity and risk of myo-
cardial infarction, cerebral stroke and death: a longitudinal study in Eastern
Finland. Am ] Epidemiol 1982;115:526-37.

23, Lapidus L, Bengtsson C. Socioeconomic factors and physical activity
in relation to cardiovascular disease and death: a 12 year follow up of par-
ticipants in a population study of women in Gothenburg, Sweden. Br
Heart ] 1986;55:295-301.

24. Kannel WB, Sorlie P. Some health benefits of physical activity: the Fra-
mingham Study. Arch Intern Med 1979;139:857-61.

25. Magnus K, Matroos A, Strackee J. Walking, cycling, or gardening,
with or without seasonal interruption, in relation to acute coronary events.
Am ] Epidemiol 1979;110:724-33. :

26. Scragg R, Stewart A, Jackson R, Beaglehole R.. Alcohol and exercise
in myocardial infarction and sudden coronary death in men and women.
Am J Epidemiol 1987;126:77-85.

27. Blair SN, Kohl HW III, Paffenbarger RS Jr, Clark DG, Cooper KH,
Gibbons LW. Physical fitness and all-cause mortality: a prospective study of
healthy men and women. JAMA 1989;262:2395-401.

28. Fraser GE, Strahan TM, Sabate ], Beeson WL, Kissinger D. Effects of
traditional coronary risk factors on rates of incident coronary events in a
low-risk population: the Adventist Health Study. Circulation 1992;86:406-13.
29. Hakim AA, Petrovitch H, Burchfiel CM, et al. Effects of walking on
mortality among nonsmoking retired men. N Engl J Med 1998;338:94-9.
30. Ekelund L-G, Haskell WH, Johnson JL, Whaley FS, Criqui MH,
Sheps DS. Physical fitness as predictor of cardiovascular mortality in asymp-
tomatic North American men: the Lipid Research Clinics Mortality Fol-
low-up Study. N Engl ] Med 1988;319:1379-84.

31. Williams PT. High-density lipoprotein cholesterol and other risk fac-
tors for coronary heart disease in female runners. N Engl ] Med 1996;334:
1298-303.

© WWWw.nejm.org

The New England Journal of Medicine
Downloaded from nejm.org at NATIONAL INSTITUTE OF INFECTIOUS DISEASE on August 23, 2011. For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.

-338-



EXERCISE AND CARDIOVASCULAR DISEASE IN WOMEN

32. Mayer-Davis EJ, D’Agostino R Jr, Karter AJ, et al. Intensity and 34. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the
amount of physical activity in relation to insulin sensitivity: the Insulin Re- incidence of type 2 diabetes with lifestyle intervention or metformin.
sistance Atherosclerosis Study. JAMA 1998;279:669-74. N Engl ] Med 2002;346:393-403.

33. Tuomilehto J, Lindstrom J, Eriksson JG, et al. Prevention of type 2
diabetes mellitus by changes in lifestyle among subjects with impaired glu-
cose tolerance. N Engl ] Med 2001;344:1343-50. Copyright © 2002 Massachusetts Medical Society.

N Engl ] Med, Vol. 347, No. 10 - September 5, 2002 + www.nejm.org - 725

The New England Journal of Medicine
Downloaded from nejm.org at NATIONAL INSTITUTE OF INFECTIOUS DISEASE on August 23, 2011. For personal use only. No other uses without permission.
Copyright © 2002 Massachusetts Medical Society. All rights reserved.

-339-



IXR/N\—FLEa1—DITH—T Y

& Walking compared with vigorous exercise for the prevention of cardiovascular events in women.
= = Manson JE, Greenland P, LaCroix AZ, Stefanick ML, Mouton CP, Oberman A, Perri MG, Sheps DS,
Pettinger MB, Siscovick DS.
MR N Engl J Med.
#-B-F [3470100%  716-725R—
FITHE  [2002
PubMed!J>+% [lhtto.//www.nebinim.nih.gov/pubmed/1221394
HEDAR ER B | % & | Bk | GROEE| REwR
e _ | omwws | za | | S SR
B 21 N IS - ) . ) C . )
IO I Ut S | C . ) FIMERZ_
R 1000081 £ xH ( ) ( )
REDHE =ik ( )
ForaL | F B | 0EEIH | 4L L L S K )
wwE| 4L 7L 5L 5L ; ( )
B *
HRIBE &
EE ERLEDELEAT. SANDNEREDFHICREZL DN EVSAIIDVTEEADE
FTELOTLD, HIZ. VEURD ANEL FREDZEIZHT 5T —2(LZ L, Ak H L.
Women’ s Health Initiative Observational Study 2§ 17550~ 79 M 737432 D FRF# kI L
CT.BERSLUVEDMEEEDREDFRARFELELT. BEARFFROT., ST, EHRLEE. b
FUEERHZETORRIT4T BIAE) ISHHEL2 R—R5/V Tl SMBEIGLMEREESN
VITRELTELY . TNTOSMENBAFHICRET M ERMER T L. A ITEEAR
&8 (CHD) &1551BI D& D MERE LS5O F IS ERZRHEL - #FR Emd 55
KEFEHRO7IE. BEHROERELLDMEEEDHEADIVRZEDEIZ, T FESN, BLVEDHE
B E mEssshi, B AOTHEEAOKEICEVNTEREOMRAH DN, K848 (METs) THI
(B00FET) |manfcTRLE—BEQEMADHT-5EREEICE TS EHBIECLHEAIRSE, ThEh
1.00. 0.73, 0.69. 0.68, H KLU 0.47(P < 0.001) TH>T=., ZLEEMTICHELTIL, BMETsELIE
EEDOYRIOADMER FEVREEHEL- GEREoEMIZx 5%t X4, 1.00, 0.89,
0.81, 0.78, K U0.72; P < 0.001) , HFITELFEFREBNLRHRDURVBDIZEHELTEY, TR
(X, N8, 8. FEBMICZE > TEREMICEGRDZLITEM oz SERGHITRECDTNEE
EBEEYRIEBELT DEFHEIND, R DD TORRITAT (FIEE) BT —42(F. WAHAD S
A LVEHRGEINFARROZEICETABIRSLVLONENDEEEZEEMICHLIE S
&l Eﬂ??ﬁ‘&U ANELLZRIE. FH. BMUZE D OY LGN EERET LD TH D KM
P [T 200 - 111 s Mo 2 0 RIS ek = ~ WP~ B e 2 2 2 LR NP S A A
#® % s a i [ o
(200"?*_6) IA—F T BLIUHLLESELIC, BIRSFBURIER LT,
':Efg._fl;:_l; BARNCZESDTREAT—LBHITEVIBHHIBIRFFEBORELZRST&IE. KT DEEOY
(200?&%) %EZ25 L TEETHD.

HYE =ib 2

-340-



Leisure-Time Physical Activity, Body Size, and

Colon Cancer in Women

Maria Elena Martinez, Edward Giovannucci, Donna Spiegelman,
David J. Hunter, Walter C. Willett, Graham A. Colditz*

For the Nurses’ Health Study Research Group

Background: Physical inactivity and high body mass index
(weight in kilograms divided by height in square meters)
have been linked to increased risk of colon cancer. However,
none of the few prospective studies in women has shown a
statistically significant reduction in colon cancer incidence
or mortality associated with increased leisure-time physical
activity. Purpose: In this prospective study, we asked wheth-
er leisure-time physical activity, body mass index, or body
fat distribution could significantly influence the risk of colon
cancer in women. Methods: The participants in this study
were enrolled in the Nurses’ Health Study, which began in
1976. Every 2 years, the women provided additional per-
sonal information and information on medical risk factors
and major medical events. The time spent per week at a
variety of leisure-time physical activities was determined,
and the time spent at each activity was multiplied by its
typical energy expenditure, expressed in terms of metabolic
equivalents or METSs. The resulting values for each woman
were added to yield an MET-hours-per-week score. Re-
ported diagnoses of colon cancer were confirmed by review
of hospital records and pathology reports. Relative risks and
associated 95% confidence intervals were calculated. Re-
sults: In multivariate analyses that included body mass in-
dex, women who expended more than 21 MET-hours per
week on leisure-time physical activity had a relative risk of
colon cancer of 0.54 (95% confidence interval [CI] = 0.33-
0.90) in comparison with women who expended less than 2
MET-hours per week. Women who had a body mass index
greater than 29 kg/m” had a relative risk of colon cancer of
1.45 (95% CI = 1.02-2.07) in comparison with women who
had a body mass index less than 21 kg/m®. A tendency to-
ward higher colon cancer risk was observed for increasing
waist-to-hip ratio (relative risk = 1.48 [95% CI = 0.88-2.49]
for comparison of the highest quintile ratio [>0.833] to the
lowest [<0.728]). Conclusions and Implications: The signifi-
cant inverse association between leisure-time physical activ-
ity and incidence of colon cancer in women in this study is
consistent with what has been found in men. Recommenda-
tions to increase physical activity and maintain lean body
weight should receive greater emphasis as part of a feasible
approach to the prevention of colon cancer. [J Natl Cancer
Inst 1997;89:948-55]

Physical inactivity has been related to a higher risk of colon
cancer (/-37), which is the second most common cause of cancer
mortality in the United States (38). However, of the few pro-
spective studies of physical activity and colon cancer in women

948 ARTICLES

(8,13,17,18,26,30,37), none has shown a statistically significant
reduction in cancer incidence or mortality associated with in-
creased leisure-time activity. Furthermore, relatively few studies
have assessed colon cancer risk by anatomic subsite
(3,5,6,9,10,14,15,27,29,32,37). Additional data (39-52) also sup-
port a direct association between body mass index (BMI) and
colon cancer in men, but the evidence is weaker for women.

The considerably stronger evidence relating physical inactiv-
ity to a higher risk of colon cancer in men than in women is
enigmatic. This divergence may reflect the scarcity of data for
women or the inappropriateness for women of the activity in-
struments used. It is also possible that the adverse effects of
inactivity on colon cancer risk differ by sex. Because of the
paucity of data on women, we examined prospectively the rela-
tionship between leisure-time physical activity and the risk of
colon cancer in the Nurses’ Health Study. We also examined
whether abdominal fat distribution, absolute weight, and weight
change from age 18 years to adulthood are associated with the
risk of colon cancer. We have previously published results on
BMI and colon cancer in this cohort on the basis of 191 cases of
cancer that occurred from 1976 through 1984 (44). Because of
previous reports, we hypothesized that any influence of physical
activity, body size, and fat distribution would be strongest for
the distal colon.

Subjects and Methods
Nurses’ Health Study Cohort

In 1976, 121 701 female registered nurses 30-55 years of age were enrolled in
the Nurses’ Health Study by return of a mailed questionnaire. Every 2 years,
follow-up questionnaires are mailed to the participants to update information on
risk factors and major medical events. The participants in the present study were
women who were free of cancer (except non-melanoma skin cancer), ulcerative
colitis, or Crohn’s disease at the beginning of the follow-up period and who
provided information on the risk factors of interest. The protocol for the study

*Affiliations of authors: M. E. Martinez, Department of Nutrition, Harvard
School of Public Health, Boston, MA; E. Giovannucci, Department of Nutrition,
Harvard School of Public Health, Channing Laboratory, Brigham and Women’s
Hospital, and Harvard Medical School, Boston; D. Spiegelman, Department of
Epidemiology, Harvard School of Public Health; D. J. Hunter, G. A. Colditz,
Channing Laboratory, Brigham and Women’s Hospital, Harvard Medical
School, and Department of Epidemiology, Harvard School of Public Health;
W. C. Willett, Department of Nutrition and Department of Epidemiology, Har-
vard School of Public Health, Channing Laboratory, Brigham and Women’s
Hospital, and Harvard Medical School.

Correspondence to: Graham A. Colditz, M.D., Dr.P.H., Channing Laboratory,
Brigham and Women’s Hospital, 181 Longwood Ave., Boston, MA 02115.

See ““Notes’’ following ‘‘References.””
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was approved by the Human Research Committee of the Brigham and Women’s
Hospital in Boston, MA.

Assessment of Physical Activity

On the 1986 questionnaire, we included a section on recreational or leisure-
time physical activity during the past year. Participants reported the average time
per week spent for each of the following activities: walking or hiking outdoors
(including walking while playing golf); jogging (slower than 10 minutes per
mile); running (10 minutes per mile or faster); bicycling (including use of a
stationary machine); lap swimming; playing tennis; playing squash or racquet
ball; and calisthenics, aerobics, acrobic dance, or use of a rowing machine. In
addition, each woman reported the number of flights of stairs that she climbed
daily and her usual walking pace. The reported time spent at each activity per
week was multiplied by its typical energy expenditure requirements expressed in
metabolic equivalents (METs) (53) and added together to yield an MET-hours-
per-week score. One MET, the energy expended while sitting quietly, is equiva-
lent to 3.5 mL of oxygen uptake per kilogram of body weight per minute for a
70-kg adult. Body weight was not included in the derivation of energy expen-
diture of physical activity to avoid confounding the energy expenditure variable
by body weight. We used the following MET values for each activity: jogging,
7.0; running, 12.0; bicycling, 7.0; swimming, 7.0; playing tennis, 7.0; playing
squash or racquet ball, 9.0; calisthenics, aerobics, acrobic dance, or use of a
rowing machine, 6.5; and climbing stairs, 8.0. Walking was assigned an MET
value correspondent to the reported pace: easy, 2.5; normal, 3.0; brisk, 4.0; or
very brisk, 4.5.

Several groups (54-36) have investigated the reliability and validity of ques-
tionnaires designed to assess physical activity, and instruments such as ours
appear to be acceptably valid. We assessed the validity of the self-reported
physical activity questionnaire in a sample of 147 nurses from another, similar
cohort study by comparing this questionnaire with the average of four, 7-day
activity diaries recorded over a I-year period (57). The Pearson correlation
coefficient between the MET-hour score measured by the questionnaire and the
average of the diaries was .46. After adjustment for within-person variation in
the diaries, the deattenuated correlation was .56.

Assessment of Body Size Parameters

In 1976, women reported their height. Body weight was reported in each
biennial questionnaire. In 1980, 80% of the participants recorded their weight at
age 18. In 1986, the nurses were instructed to measure (to the nearest quarter of
an inch) their waist at the umbilicus and their hips at the largest circumference
between the waist and thighs; the women took these measurements while they
were standing and without bulky clothing (58). Sixty-nine percent of the par-
ticipants provided circumference measures. This low response was due to the
fact that the response to these questions was optional.

We used BMI (weight in kilograms divided by height in square meters) as the
primary measure of adiposity, waist-to-hip ratio as the measure of relative dis-
tribution of fat, and waist circumference as an estimate of abdominal fat. BMI is
minimally correlated with height in this population (» = —.03) and highly cor-
related with weight (r = .86) (59). We categorized women into groups with BMI
corresponding to less than 21, 21-22.9, 23-24.9, 25-28.9, and 29 or more kg/m>.
‘We also calculated weight change from 18 years of age to 1980.

We evaluated the precision of self-reported anthropometric measures in a
sample of 140 cohort members (58). Trained technicians visited the substudy
participants twice, approximately 6 months apart, to measure current weight and
waist and hip circumferences. The Pearson correlation between self-report and
‘the average of the technicians’ two measurements was .97 for weight, .87 for
waist circumference, .81 for hip circumference, and .66 for waist-to-hip ratio.

Identification of Cases

The ascertainment of cases of colorectal cancer has been detailed elsewhere
(60). On each biennial follow-up questionnaire, we asked whether cancer of the
colon or rectum had been diagnosed during the previous 2 years. We also used
the National Death Index and the U.S. Postal Service to identify fatalities; we
estimate that more than 98% of deaths were ascertained (6/). When a participant
(or the next of kin for decedents) reported a diagnosis of cancer of the colon or
rectum on our follow-up questionnaire, we asked her (or the next of kin) for
permission to obtain hospital records and pathology reports pertaining to this
diagnosis. A study physician blinded to the exposure information reviewed the
medical records to extract information on the histologic type, the anatomic
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location, and the stage of the cancer. Proximal colon cancers were defined as
those from the cecum to and including the splenic flexure, and distal colon
cancers were defined as those in the descending and sigmoid colon. Cancers
other than adenocarcinoma were excluded. In the analysis of colon cancer over-
all, we included cases lacking information for anatomic location, since analyses
limited to cases with complete information yielded results virtually identical to
those of analyses excluding these cases.

Statistical Analysis

Physical activity, waist circumference, and waist-to-hip ratio were analyzed in
quintiles according to the distribution of the study population. BMI was catego-
rized as described earlier, and change in weight from 18 years of age to 1980 was
divided into informative increments on the basis of an examination of the dis-
tribution of values. Person-years of follow-up were computed from the date of
return of the 1980 questionnaire (for BMI and change in weight from age 18 to
1980) or the 1986 questionnaire (for physical activity, waist circumference, and
waist-to-hip ratio) to the date of colorectal cancer diagnosis, death from any
cause, or May 31, 1992, whichever came first. Relative risks (RRs) and their
95% confidence intervals (CIs) were calculated with the lowest quintile as the
reference for all variables except change in weight from age 18 to 1980, for
which women with stable weight (5 kg) were used as the reference group. A
limited assessment of physical activity obtained in the 1980 questionnaire was
used in the analysis of BMIL

We used the Mantel-Haenszel estimator and logistic regression models to
adjust for age (across 5-year categories) and potentially confounding variables
(62). A priori potential risk factors for colorectal cancer included in the models
were age (in six categories), history of colorectal cancer in a parent or sibling,
smoking (pack-years of smoking after smoking for a period of 35 years), aspirin
use (times per week), intake of red meat, and alcohol consumption. We also
included use of postmenopausal hormones (premenopausal status, never use,
past use, or current use) in the models because these hormones are related to
body fat distribution (63) and to colorectal cancer in this cohort. We used the
median of each category as a continuous variable to calculate the tests for trend;
the P values for these tests are two-sided.

Results

The 1980-1992 cohort for this study comprised 89448 eli-
gible women; 396 cases of colon cancer (185 distal, 159 proxi-
mal, and 52 unknown site) were identified during 1012375
person-years of follow-up. During 1986-1992, we identified 212
cases of colon cancer (97 distal, 88 proximal, and 27 unknown
site) among 67802 eligible participants who accrued 385819
person-years of follow-up.

Compared with women who were less physically active,
those who were more active consumed more energy, less total
and animal fat, and more dietary fiber; they were also leaner and
had a lower waist-to-hip ratio (Table 1). The most active group
also included a lower proportion of women who were current
smokers, a lower proportion of aspirin users, and a higher pro-
portion of multivitamin users and users of postmenopausal hor-

mones. There was no appreciable difference across physical ac-

tivity quintiles for alcohol consumption, family history of
colorectal cancer in first-degree relatives, previous endoscopy,
or previous colorectal polyps.

Physical Activity

Walking, the most common type of leisure-time physical ac-
tivity, was reported by 70% of the respondents. In multivariate
analysis, the risk of colon cancer was inversely related to leisure-
time physical activity (Table 2). Compared with women who
expended less than 2 MET-hours per week, those who expended
more than 21 MET-hours had an RR of 0.54 (95% CI = 0.33-
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Table 1. Characteristics of the study population according to quintiles of MET-hours* per week

MET-hours per week

Characteristict <2 2-4 5-10 11-21 >21
Participants, No. 11264 9032 11651 10641 10287
Mean daily intake}
Energy, kcal 1710 1763 1787 1792 1804
Total fat, g 60.3 59.3 58.7 57.6 56.3
Animal fat, g 345 33.8 33.1 323 31.7
Dietary fiber, g 16.0 16.8 17.3 18.0 18.7
Alcohol, g 6.1 5.9 59 6.4 6.9
Mean body mass index, kg/m>§ 26.0 253 25.0 245 24.0
Mean waist-to-hip ratio 0.796 0.788 0.783 0.778 0.773
Current smoker, % 264 225 19.6 16.4 16.8
History of colorectal cancer,)| % 8.0 7.9 83 8.5 8.2
Aspirin use,§ % 15.6 15.7 174 16.1 14.8
Multivitamin use, % 384 39.6 413 442 46.1
Postmenopausal hormone use, % 14.7 159 16.7 17.6 18.4
Previous endoscopy, % 17.2 17.2 17.2 17.9 17.8
Previous colorectal polyp, % 1.1 1.0 1.0 1.0 0.9

*Metabolic equivalent (MET)-hours = sum of the average time per week spent in cach leisure-time physical activity multiplied by the MET value for each
activity; MET value = (caloric need/kilogram body weight per hour activity)/(caloric need/kilogram body weight per hour at rest).

tStandardized for age at baseline.

fAdjusted to total energy intake by regression analysis (except for alcohol).
§Weight in kilograms/height in square meters.

|History of colorectal cancer in a parent or sibling.

YRegular use of aspirin from 1980 to 1984.

0.90; P for trend = .03). This inverse association was essentially
limited to cancer of the distal colon; women in the highest quin-
tile were approximately 70% less likely to develop cancer at this
site (RR = 0.31; 95% CI = 0.12-0.77; P for trend = .01) than
women in the lowest quintile. No significant trend was found for

cancer of the proximal colon. Excluding BMI from the multi-
variate models had no appreciable effect on the results.

We assessed the relationship between colon cancer and the
intensity of activity by looking at the amount of time spent doing
activities of low, moderate, or high intensity. The intensity cat-

Table 2. Relative risk (RR) of colon cancer according to level of leisure-time physical activity (in MET-hours*) in 1986, Nurses’ Health Study, 1986-1992

MET-hours per week

<2 2-4 5-10 11-21 >21
Two-sided
Person-years. . ..., 63734 51413 66435 60769 58817 P for trend}
Colon cancer§
No. of cases 47 26 36 29 23
Age-adjusted RR 1.00 (referent) 0.69 0.74 0.65 0.52
Multivariate RR]| 1.00 (referent) 0.71 0.78 0.67 0.54 .03
95% CI — 0.44-1.15 0.50-1.20 0.42-1.07 0.33-0.90
Distal colon cancer
No. of cases 21 15 17 14 6
Age-adjusted RR 1.00 (referent) 0.89 0.78 0.70 0.31
Multivariate RR|| 1.00 (referent) 0.92 0.81 0.71 0.31 .01
95% CIY — 0.48-1.79 0.43-1.55 0.36-1.41 0.12-0.77
Proximal colon cancer
No. of cases 19 8 15 11 13
Age-adjusted RR 1.00 (referent) 0.53 0.76 0.61 0.73
Multivariate RR|| 1.00 (referent) 0.54 0.79 0.62 0.77 .67
95% ClY — 0.23-1.22 0.40-1.56 0.30-1.32 0.38-1.58

*See footnote to Table 1 for definition and calculation of MET-hours.

tData were based on 67 802 respondents. Data on leisure-time physical activity were missing for 51 case patients and 84 651 person-years.
1Test for trend was calculated by use of the median of each MET-hours per week category as a continuous variable in the multiple regression model.

§Includes 22 cases lacking data on anatomic site.

l[Adjusted for age, cigarette smoking, family history of colorectal cancer, body mass index, postmenopausal hormone use, aspirin use, intake of red meat, and

alcohol consumption.
§iCI = confidence interval.

950 ARTICLES

Journal of the National Cancer Institute, Vol. 89, No. 13, July 2, 1997

-343-

2107 ‘8T YoIeN uo Arelqi ‘soseosi] SNoljoojuj Jo aymusu] jeuoneN je /810 sjeuinofpioyxo iy diy woly papeojumoq



egories were first created by including those activities corre-
sponding to the range in METs for each category (<3 for low,
3-6 for moderate, and >6 for high). The amount of time spent in
these activities was then categorized for the analyses. The mul-
tivariate RR for colon cancer for women who engaged in activi-
ties of moderate intensity for 1 hour or more per day was 0.69
(95% CI = 0.52-0.90) relative to women who participated in
these activities for less than 1 hour per day. A similar reduction
in risk was observed for activities of high intensity (RR = 0.61
[95% CI = 0.43-0.86] for =30 minutes per day compared with
<30 minutes per day). There was no reduction in risk for activi-
ties of low intensity (RR = 1.54 [95% CI = 0.94-2.50] for =1
hour per day compared with <1 hour). When these variables
were included in one multivariate model simultaneously, the
RRs were only slightly attenuated.

Using data from our validation study (57), we corrected the
estimated RRs and their respective 95% Cls for bias due to
measurement error (64). For a difference of 30 MET-hours per
week (approximately equal to 1 hour of brisk walking or 30
minutes of jogging or biking every day), the corrected RR ad-
justed for age, family history, and BMI was 0.38 (95% CI =
0.09-1.63) compared with the uncorrected value of 0.77 (95% CI
= 0.52-1.13).

BMI and Weight Change From Age 18 Years
to Adulthood

The RR for colon cancer associated with a BMI of greater
than 29 kg/m® was 1.45 (95% CI = 1.02-2.07; P for trend =
.04) (Table 3). Similar to the observation for physical activity,
this increase in risk was due largely to a strong association with
cancer of the distal colon. Women in the upper category of BMI
were at almost twice the risk of developing cancer of the distal
colon as those in the lower category (RR = 1.96; 95% CI =

1.18-3.25; P for trend = .004). The RR for proximal colon
cancer associated with BMI was weaker, and no significant trend
was observed. Excluding physical activity from the multivariate
models made no appreciable difference in the overall results.
When we conducted analyses for BMI excluding current smok-
ers, the results were not appreciably altered. In these analyses,
the RRs for the upper compared with the lower quintile of BMI
were 1.48 (95% CI = 0.95-2.31) for colon cancer overall, 2.04
(95% CI = 1.14-3.69) for distal colon cancer, and 1.28 (95% CI
= 0.56-2.92) for proximal colon cancer.

After adjustment for BMI at age 18, weight gain from 18
years of age to 1980 was not appreciably associated with a
higher risk of colon cancer overall. For colon cancer overall,
women who gained 20 kg or more from age 18 to 1980 had an
RR of 1.08 (95% CI = 0.79-1.48) compared with those with
stable weight (+5 kg); however, the corresponding RR for distal
colon cancer was stronger (RR = 1.56; 95% CI = 0.97-2.49).

Waist-to-Hip Ratio and Waist Circumference

A tendency toward higher risk of colon cancer with increas-
ing waist-to-hip ratio was observed (Table 4). Women in the
highest quintile of waist-to-hip ratio had an RR for colon cancer
of 1.48 (95% CI = 0.88-2.49) compared with women in the
lowest quintile; however, the trend was not statistically signifi-
cant (P = .16). The corresponding RR for distal colon cancer
was stronger but less precise (RR = 1.79; 95% CI = 0.82-3.90;
P for trend = .11). Although a positive association was also
seen for cancer of the proximal colon, the point estimates were
imprecise and no monotonic trend was observed. After adjust-
ment for BMI, the results for waist-to-hip ratio were essentially
unchanged.

Waist circumference was also positively, but not signifi-

Table 3. Relative risk (RR) of colon cancer according to body mass index (BMI*) in 1980, Nurses’ Health Study, 1980-1992

BM], kg/m®
<21 21-22.9 23-24.9 25-28.9 =29
Two-sided
Person-years. .. .........o.iiiiiii. 215722 246238 203 842 200472 140048 P for trend]
Colon cancer§
No. of cases 57 94 78 91 73
Age-adjusted RR 1.00 (referent) 1.32 1.21 135 1.58
Multivariate RR]| 1.00 (referent) 1.31 1.16 1.29 1.45 .04
95% CIY — 0.94-1.82 0.82-1.63 0.92-1.80 1.02-2.07
Distal colon cancer
No. of cases 25 38 39 41 41
Age-adjusted RR 1.00 (referent) 1.25 143 1.48 2.16
Multivariate RR]| 1.00 (referent) : 1.24 - 137 1.40 196 - .004
95% CIY — 0.75-2.04 0.83-2.27 0.85-2.31 1.18-3.25
Proximal colon cancer
No. of cases 23 39 33 37 25
Age-adjusted RR 1.00 (referent) 133 1.27 1.34 1.28
Multivariate RR]| 1.00 (referent) 1.33 1.20 1.29 1.26 .54
95% CIY — 0.79-2.22 0.71-2.05 0.76-2.18 0.71-2.23

*See Table 1 and text for definition and calculation of BMIL

tData were based on 89 448 respondents; BMI data were missing for three case patients and 6053 person-years.
{Test for trend was calculated by use of the median of each BMI category as a continuous variable in the multiple regression model.

§Includes 52 cases lacking data on anatomic site.

J|Adjusted for age, cigarette smoking, family history of colorectal cancer, leisure-time physical activity, postmenopausal hormone use, aspirin use, intake of red

meat, and alcohol consumption.
qCI = confidence interval.
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cantly, associated with the risk of colon cancer. The RR for
colon cancer overall was 1.48 (95% CI = 0.89-2.46) for women
whose waist circumference was greater than 34 inches compared
with women whose waist circumference was 27.5 inches or less;
for distal colon cancer, the RR was 1.47 (95% CI = 0.71-3.06).
After adjustment for BMI, the corresponding RRs were 1.16
(95% CI = 0.61-2.21) for colon cancer overall and 1.09 (95%
CI = 0.42-2.79) for distal colon cancer.

Using validation data on waist and hip circumference (58),
we corrected the estimated RRs and their Cls for bias due to
measurement error. After adjustment for age, family history of
colorectal cancer, and physical activity, the corrected RR for
colon cancer overall associated with a difference in waist-to-hip
ratio of 0.20 (approximately equal to the difference between the
medians of the upper and lower quintiles) was 2.84 (95% CI =
0.39-20.51) compared with the uncorrected RR of 1.31 (95% CI
= 0.91-1.90).

Discussion

In these prospective data, an increasing level of leisure-time
physical activity was associated with a decrease in the incidence
of colon cancer. As noted earlier, to our knowledge, none of the
published prospective studies of women has reported a signifi-
cant association between colon cancer incidence or mortality
and recreational physical activity (8,13,18,26,30,37). 1t is diffi-
cult to address the discrepancy between the findings in these
other studies and ours because of the wide variation in method-
ology. Some studies used colorectal cancer incidence as an end
point (8,18,37), one focused on fatal colon cancer and consid-
ered a combination of activity at work and play (26), one suf-
fered from a lack of power due to a small sample size (/3), and
one did not specifically target physical activity in the report (30).
As shown in previous studies of men (5,15), including our own

Table 4. Relative risk (RR) of colon cancer according to waist-to-hip ratio in 1986,* Nurses’ Health Study, 1986-1992

study (29), and in studies of men and women (10,14,32), the
protective effect was stronger for cancer of the distal colon than
for cancer of the proximal colon; however, in one study (37), the
association was stronger for cancer of the proximal colon. These
findings are also consistent with those for distal colon adenomas
in this cohort (65), where stronger effects were seen for large
adenomas, suggesting that physical inactivity promotes the
growth of these polyps. A higher BMI was also associated with
a 50% increase in the risk of colon cancer and an almost doubled
risk of distal colon cancer. In addition, waist-to-hip ratio, used
as a measure of the relative distribution of body fat, was posi-
tively, but not significantly, associated with the risk of colon
cancer.

Most published studies of physical activity and colon cancer
in women (4,10,12-14,17,20-22,25,31,34-37) have used a mea-
sure of occupational activity or a combination of occupational
and leisure-time activities. It is possible that ascertainment of
occupational physical activity is better in men than in women.
Slattery et al. (22) noted that the activities of housewives are
usually excluded from this assessment. Since there are some-
times fewer women in jobs having higher occupational activity
levels, these women are statistically uninformative or usually
combined with those in lower activity levels because of small
numbers (4,12,30), thus providing narrow levels of activity. In
addition, to our knowledge, only five of the published studies
assessing recreational activities (20,24,28,29,36) have applied a
factor of energy expenditure, such as MET equivalents, which
takes into account the intensity of the activities measured. We
observed a reduction in the risk of colon cancer for women who
engaged in moderate or vigorous activity, but no reduction was
seen for activities of low intensity, such as easy-paced walk-
ing.

Several mechanisms for a protective effect of physical activ-
ity have been proposed (66). They include decreased gastroin-

Waist-to-hip ratio
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<0.728 0.728-0.758 0.759-0.790 0.791-0.833 >0.833
Two-sided
Person-years. .. ... 54 893 56 555 51681 48387 54 886 P for trendf
Colon cancer} .
No. of cases 21 29 24 38 49
Age-adjusted RR 1.00 (referent) 1.19 0.99 1.46 1.59
Multivariate RR§ 1.00 (referent) 1.18 0.97 1.51 1.48 .16
95% CIj| — 0.67-2.07 0.54-1.74 0.88-2.58 0.88-2.49
Distal colon cancer
No. of cases 9 17 9 17 24
Age-adjusted RR 1.00 (referent) 1.64 0.90 1.55 191
Multivariate RR§ 1.00 (referent) 1.64 0.87 1.64 1.79 1
95% CIj| —_ 0.73-3.69 0.35-2.20 0.73-3.71 0.82-3.90
Proximal colon cancer
No. of cases 7 12 11 18 19
Age-adjusted RR 1.00 (referent) 1.48 1.38 2.01 1.71
Multivariate RR§ 1.00 (referent) 1.45 1.30 2.06 1.66 .34
95% CIj| — 0.57-3.68 0.50-3.35 0.86-4.96 0.69-3.99

*Results based on 52 687 respondents to questionnaire on waist and hip circumference.
1Test for trend was calculated by use of the median of each waist-to-hip ratio category as a continuous variable in the multiple regression model.

tIncludes 18 cases lacking data on anatomic site.

§Adjusted for age, cigarette smoking, family history of colorectal cancer, leisure-time physical activity, postmenopausal hormone use, aspirin use, intake of red

meat, and alcohol consumption.
[ICI = confidence interval.
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