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MULTIPLE EPIDEMIOLOGIC

studies have shown an in-
verse relationship be-
tween physical activity

andriskof coronaryheartdisease (CHD).
Sedentary individuals have almost twice
the risk of CHD as those performing
high-intensity exercise.1,2 However, the
optimal level of exercise for preventing
CHD is unclear. In some studies, the re-
duction in risk from increased levels of
activity appeared to be linear up to a cer-
tain level above which there was no fur-
ther benefit; in others, the effect was re-
stricted to the highest categories of total
energy expenditure.3 In addition, the
effect of walking is still under debate and
the effect of weight training is un-
known. In this study, we assessed the as-
sociation between the amount, types, and
intensity of exercise in relation to risk of
CHD in a large cohort of men.

METHODS
Study population

The Health Professionals’ Follow-up
Study (HPFS) began in 1986 when
51529 US health professionals (den-
tists, optometrists, pharmacists, podia-
trists, osteopaths, and veterinarians),
aged 40 through 75 years, answered a
detailed questionnaire that included a
comprehensive diet survey, lifestyle as-
sessment (includingquestionson leisure-
time physical activity), and medical his-
tory. Follow-up questionnaires were sent

in 1988, 1990, 1992, 1994, 1996, and
1998 to update information on poten-
tial risk factors and to identify newly di-
agnosed cases of CHD and other ill-
nesses. We excluded from the current
analysis men with a diagnosis of cardio-
vascular disease (myocardial infarction
[MI], angina, and/or coronary revascu-
larization and stroke) and cancer other
than nonmelanoma skin cancer prior to
1986. Men with a CHD event during the
follow-up were excluded from analyses

in the subsequent intervals. Men who re-
ported difficulty in climbing stairs or
walking were excluded from analysis at
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Context Studies have shown an inverse relationship between exercise and risk of
coronary heart disease (CHD), but data on type and intensity are sparse.

Objective To assess the amount, type, and intensity of physical activity in relation
to risk of CHD among men.

Design, Setting, and Participants A cohort of 44452 US men enrolled in the Health
Professionals’ Follow-up Study, followed up at 2-year intervals from 1986 through
January 31, 1998, to assess potential CHD risk factors, identify newly diagnosed cases
of CHD, and assess levels of leisure-time physical activity.

Main Outcome Measure Incident nonfatal myocardial infarction or fatal CHD oc-
curring during the follow-up period.

Results During 475755 person-years, we documented 1700 new cases of CHD. Total
physical activity, running, weight training, and rowing were each inversely associated
with risk of CHD. The RRs (95% confidence intervals [CIs]) corresponding to quintiles
of metabolic equivalent tasks (METs) for total physical activity adjusted for age, smok-
ing, and other cardiovascular risk factors were 1.0, 0.90 (0.78-1.04), 0.87 (0.75-
1.00), 0.83 (0.71-0.96), and 0.70 (0.59-0.82) (P�.001 for trend). Men who ran for
an hour or more per week had a 42% risk reduction (RR, 0.58; 95% CI, 0.44-0.77)
compared with men who did not run (P�.001 for trend). Men who trained with weights
for 30 minutes or more per week had a 23% risk reduction (RR, 0.77; 95% CI, 0.61-
0.98) compared with men who did not train with weights (P=.03 for trend). Rowing
for 1 hour or more per week was associated with an 18% risk reduction (RR, 0.82;
05% CI, 0.68-0.99). Average exercise intensity was associated with reduced CHD risk
independent of the total volume of physical activity. The RRs (95% CIs) correspond-
ing to moderate (4-6 METs) and high (6-12 METs) activity intensities were 0.94 (0.83-
1.04) and 0.83 (0.72-0.97) compared with low activity intensity (�4 METs) (P=.02
for trend). A half-hour per day or more of brisk walking was associated with an 18%
risk reduction (RR, 0.82; 95% CI, 0.67-1.00). Walking pace was associated with re-
duced CHD risk independent of the number of walking hours.

Conclusions Total physical activity, running, weight training, and walking were each
associated with reduced CHD risk. Average exercise intensity was associated with re-
duced risk independent of the number of MET-hours spent in physical activity.
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each timepoint starting from1988.Thus,
44452 men remained for our analyses.

Assessment of Physical Activity
Leisure-time physical activity was
assessed every 2 years between 1986 and
1996, using the question: “During the
past year what wasyouraverage timeper
week spent at each activity?” The aver-
age weekly time spent on walking or
hikingoutdoors, jogging(�6mph), run-
ning (�6 mph), bicycling, lap swim-
ming, tennis, squash or racquetball, cal-
isthenics, or rowing was recorded
beginning in 1986. Heavy outdoor work
was added in 1988 and weight training
in 1990. Walking pace, categorized as
casual (�2 mph), normal (2-2.9 mph),
brisk(3-3.9mph),or striding(�4mph),
wasalsorecorded.The timespentateach
activity in hours per week was multi-
plied by its typical energy expenditure,
expressed in metabolic equivalent tasks
(METs),4 then summed over all activi-
ties, to yield a MET-hour score. One
MET, theenergyexpendedbysittingqui-
etly, is equivalent to 3.5 mL of oxygen
uptake per kilogram of body weight per
minute, or to 1 kcal/kg of body weight
per hour. Vigorous activities were
defined as those requiring 6 METs or
more: jogging, running, bicycling, lap
swimming, tennis, squash or racquet-
ball, and rowing. Nonvigorous activi-
ties (�6 METs) include walking, heavy
outdoor work, and weight training.

We created a measure of average ex-
ercise intensity for each individual by
dividing the total weekly volume of ex-
ercise in MET-hours by the total weekly
hours spent in physical activity.

The validity and reproducibility of the
physical activity questionnaire were as-
sessed in 1991 when 238 participants in
the HPFS completed a 1-week activity di-
ary at 4 periods corresponding to differ-
ent seasons throughoutayear.5 Theques-
tionnaire showed good time integration
when levels of activity were compared
with the average of the 4 single-week
physical activity diaries administered
during the 4 seasons. The correlation be-
tween scores of physical activity from the
diaries and from the questionnaire was
0.65 for total physical activity and 0.58

for vigorous activity. The correlation
between questionnaire-derived vigor-
ous activity and resting pulse rate was
–0.45; the correlation between vigor-
ous activity and pulse rate after a self-
administered step test was −0.41.5 In a
subsample of participants in the HPFS
(n=466), high-density lipoprotein cho-
lesterol levels increased by 2.4 mg/dL
(0.06 mmol/L) for each increment of 20
MET-h/wk (P<.001).6

CHD End Points
Combined end points for the analysis
were fatal CHD and nonfatal MI occur-
ring between the return of the 1986
questionnaire and January 31, 1998. Self-
reported MIs were confirmed by a re-
view of medical records based on World
Health Organization criteria that in-
cluded characteristic symptoms with ei-
ther typical electrocardiographic changes
or elevations of cardiac enzymes. Prob-
able cases of MI (no available records
but confirmed by hospitalization and in-
formation from telephone interview/
letter) were also included in the analy-
sis after ensuring that results were not
appreciably different from those includ-
ing definite cases alone.

Deaths were reported by next of kin,
work associates, and postal authori-
ties. In case of persistent nonresponse,
the National Death Index was used to
identify deceased cohort members. Fa-
tal CHD was confirmed by reviewing
medical records or autopsy reports with
the permission of the next of kin. The
cause listed on the death certificate was
not sufficient alone to confirm a coro-
nary death. Sudden deaths (ie, deaths
within 1 hour of symptom onset in men
without known disease that could ex-
plain death) were included in the fatal
CHD category. For subjects with mul-
tiple end points, follow-up ended with
onset of the first event.

Data Analysis
Person-months of follow-up accumu-
lated starting with the date of return of
the 1986 questionnaire until occur-
rence of a CHD end point, death, or the
end of the study period (January 31,
1998), whichever came first.

In our main analyses, we used the cu-
mulative average of physical activity lev-
els from all available questionnaires up
to the start of each 2-year follow-up in-
terval.7 For example, the level of physi-
cal activity reported on the 1986 ques-
tionnaire was related to the incidence of
CHD from 1986 through 1988, and the
level of average activity reported on the
1986 and 1988 questionnaires was re-
lated to the incidence from 1988 through
1990. Additional analyses were per-
formed using baseline levels of activity
and simple updated levels of physical ac-
tivity in which CHD was predicted only
from the most recent questionnaire.

Participants were divided into quin-
tiles of total volume of physical activity
(total MET-hours), walking, and vigor-
ous activity. We used informative in-
crements for exercise intensity, walk-
ing pace, and specific sport activities.
Tests for trend were calculated by as-
signing the median values to increas-
ing categories of activity. Relative risks
(RRs) were initially calculated adjust-
ing for age. Cox proportional hazard
models were then used to estimate RRs
of CHD over each 2-year follow-up in-
terval using the cumulative average of
the reported levels of activity on prior
questionnaires, adjusting for other po-
tential confounders.8 We also analyzed
cumulative, simple-updated, and base-
line (1986) activity as categorical and
continuous variables. We corrected RRs
corresponding to increments of simple-
updated and baseline physical activity
using the method of Rosner et al.9

All multivariate models included the
following covariates unless otherwise
specified: alcohol intake (nondrinker, or
consuming 0.1-4.9, 5-30, or �30 g/day),
smoking (never, past, or currently smok-
ing 1-14, 15-24, or �25 cigarettes/
day), family history of MI, use of vita-
min E supplements, history of diabetes,
hypertension, and hypercholesterol-
emia at baseline, and quintiles of di-
etary intake of trans fatty acids, polyun-
saturated fat, fiber, and folate. In
secondary analyses we additionally
controlled for body mass index (BMI; cal-
culated as participant’s weight in kilo-
grams divided by the square of partici-
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pant’s height in meters and stratified into
3 categories: �25, 25-29.9, �30) to es-
timate how this potential intermediate
factor would affect the RRs. The inter-
action between physical activity and obe-
sity was assessed by the difference in –2
log likelihood between the model con-
taining the interaction with obesity in 2
categories (BMI�30, BMI�30) and the
main effects model.

In a secondary analysis, we per-
formed a propensity analysis10 in which
we used logistic regression modeling to
predict the highest as opposed to the
lowest quintile of physical activity. De-
mographic, clinical, and dietary vari-
ables were included in the propensity
model. We used the resulting propen-
sity scores to match men from the 2
groups.

RESULTS
We examined physical activity in rela-
tion to other potential risk factors for
CHD at baseline (TABLE 1). Physically
more active men tended to have lower
BMIs, lower intakes of total fat and satu-
rated fat, higher intakes of fiber and al-
cohol, a higher prevalence of vitamin
E supplement use, and a lower preva-
lence of smoking and hypertension.

During 475755 person-years of fol-
low-up, we documented 1700 new
cases of CHD. The age-adjusted RRs
across quintiles of total physical activ-
ity decreased monotonically and were
modestly attenuated after adjustment
for alcohol consumption, smoking,
family history of MI before age 50 years,
and nutrient intake (polyunsaturated
fat, trans fatty acids, folic acid, fiber, and
vitamin E supplements (TABLE 2). The
association was further attenuated by
additionally adjusting for baseline pres-
ence of hypertension, diabetes, and high
cholesterol levels. The RR comparing
extreme quintiles was 0.70 (95% con-
fidence interval [CI], 0.59-0.82)
(P<.001 for trend). When the same
analysis was performed using simple
updated and baseline physical activ-
ity, the corresponding RRs were 0.70
(95% CI, 0.59-0.82; P<.001 for trend)
and 0.77 (95% CI, 0.66-0.91; P<.001 for
trend). Adjustment for current BMI did
not appreciably alter these results.

In the secondary analysis of propen-
sity-matched men, those who were at
the highest quintile of activity still had
a reduced CHD risk compared with
those in the lowest quintile (adjusted
RR, 0.73; 95% CI, 0.60-0.88).

When physical activity was mod-
eled as a continuous variable, every 50
MET-h/wk increase of cumulatively up-
dated physical activity was associated
with a 26% reduction in risk of CHD
(RR, 0.74; 95% CI, 0.65-0.85). The cor-
responding RRs were 0.79 (95% CI,
0.71-0.88) for simple-updated activity
and 0.77 (95% CI, 0.67-0.89) for base-
line physical activity. The association
was strengthened considerably after
correction for measurement error (for
simple update: RR, 0.45 [95% CI, 0.28-
0.72]; for baseline physical activity: RR,
0.49 [95% CI, 0.30-0.81]).

When analyzed separately, exercise
intensity (low = 1-4 METs; moder-
ate=4-6 METs; high=6-12 METs) was
related to reduced risk of CHD (Table
2). To assess if exercise intensity is re-
lated to CHD risk independent of ex-
ercise volume, we added the average in-
tensity to the model containing the total
volume of exercise. The multivariate
RRs corresponding to moderate and
high exercise intensity were 0.94 (95%
CI, 0.83-1.04) and 0.83 (95% CI, 0.72-
0.97), respectively, compared with that
for low exercise intensity (P=.02 for
trend). When assessed as a continu-
ous variable, exercise intensity was re-
lated to a reduction in risk of 4% for
each 1-MET increase independent of
the total exercise volume.

In supplementary analyses, we as-
sessed the association between changes
in exercise intensity and risk of CHD.
Compared with men who maintained
a low intensity of exercise (�4 METs
over 2-year intervals), men who main-
tained a high level of intensity (�6
METs) had an RR of 0.72 (95% CI,
0.55-0.93), and those who increased in-
tensity from low to high over time had
an RR of 0.88 (95% CI, 0.70-1.12).

To address the possibility that men
with subclinical disease reduced their
amount of physical activity thereby bi-
asing our results, we excluded men who
drastically reduced their levels of ac-
tivity (�20 MET-h/wk) from one ques-
tionnaire to the next. The RRs across
quintiles of physical activity, adjusted
for alcohol consumption, smoking,
family history of MI before age 50 years,

Table 1. Age-Standardized Characteristics According to Weekly Level of Total Physical
Activity at Baseline (1986)*

Characteristic

Quintile of Physical Activity, MET-hours per Week

1 2 3 4 5

Median (range) 1.2 (0-2.9) 5.0 (3.0-7.9) 12.1 (8.0-17.7) 24.1 (17.8-34.5) 49.1 (34.6-69.2)

BMI, mean 26.2 26.0 25.5 25.1 24.8

Current smoking, % 14.3 10.9 9.1 7.1 6.6

Hypertension, % 22.3 21.6 20.4 18.7 17.1

High serum cholesterol, % 10.5 10.3 11.1 10.5 10.3

Family history of MI, % 12.0 12.0 11.9 11.3 12.7

Vitamin E supplement
use, %

16.0 18.0 20.3 21.1 22.6

Total fat intake, %
of total kcal

33.5 32.8 32.2 31.6 30.6

Polyunsaturated fat intake,
% of total kcal

5.9 6.0 6.0 6.0 5.9

Saturated fat intake,
% of total kcal

11.7 11.4 11.0 10.7 10.4

Trans fatty acid intake,
% of total kcal

1.36 1.32 1.27 1.21 1.16

Dietary fiber intake,
mean, g/d

18.4 19.9 20.7 21.6 23.0

Alcohol intake,
mean, g/d

10.9 11.1 11.3 11.6 12.3

*MET indicates metabolic equivalent; BMI, body mass index; and MI, myocardial infarction.
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nutrient intake (polyunsaturated fat,
trans fatty acids, folic acid, fiber, vita-
min E supplements), and baseline pres-
ence of hypertension, high choles-
terol levels, and diabetes, were 1.0, 0.91
(95% CI, 0.79-1.05), 0.87 (95% CI,
0.74-1.04), 0.81 (95% CI, 0.68-0.97),
and 0.66 (95% CI, 0.56-0.80) (P<.001
for trend).

We evaluated the effect of physical ac-
tivity across different subgroups de-
fined by established risk factors for CHD
(smoking status, alcohol consump-
tion, obesity, presence of hyperten-
sion, family history of MI, age, and pres-
ence of hypercholesterolemia). Inverse
associations were observed in all sub-
groups (smokers and nonsmokers,
drinkers and nondrinkers, hyperten-
sives and nonhypertensives, men with
or without family history of MI before
age 50 years, men younger than 65 or
65 years and older, men with or with-
out high cholesterol levels, and men with
BMIs lower than 25 or between 25 and
30, with the exception of obese men
[BMI�30]). However, the interaction
between obesity status and physical ac-
tivity was not statistically significant
(P=.09).

We further assessed the effect of ac-
tivity type on CHD risk (TABLE 3). Run-
ning, jogging, rowing, and racquet
sports (tennis and racquetball) were as-
sociated with reduced risk in age-
adjusted analyses. In multivariate analy-
ses including previously mentioned
covariates plus all activities, running
and rowing remained significant pre-
dictors of CHD. Running for one or
more hours per week was associated
with a 42% risk reduction (RR, 0.58;
95% CI, 0.44-0.77) and rowing for one
or more hours per week was associ-
ated with an 18% risk reduction (RR,
0.82; 95% CI, 0.68-0.99) compared with
men who did not engage in these ac-
tivities. Cycling and swimming were not
associated with risk.

We performed separate analyses on
the effect of resistance training (weight
training and strength machines) on risk
of CHD starting from 1990 when these
activities were first assessed. Compared
with men who did not perform resis-
tance training, the RRs for men who per-
formed resistance training for less than
30 minutes or for 30 or more minutes
per week were 0.83 (95% CI, 0.67-
1.02) and 0.65 (95% CI, 0.51-0.81), re-

spectively (P<.001 for trend). In multi-
variate analyses that also controlled for
other types of physical activity, weight
training for 30 minutes or more per week
was associated with a significant 23% risk
reduction (RR, 0.77; 95% CI, 0.61-
0.98; P=.03 for trend) (TABLE 4).

Walking was the most frequent form
of exercise in this cohort, with 58% of
men reporting at least 1 hour of walk-
ing per week, while 48% reported at least
1 hour of weekly vigorous activity. When
analyzing the effect of walking and walk-
ing parameters on CHD events, we re-
stricted the study population to men who
reported less than 1 hour of weekly vig-
orous exercise (�6 MET-h/wk) to mini-
mize the confounding effect of high-
intensity activity. Total walking volume
was associated with reduced risk of CHD
in age-adjusted analysis. In multivari-
ate analysis, risk of CHD was reduced
only for men in the highest quintile, cor-
responding to 14.75 MET-h/wk (ap-
proximately 3.5 h/wk or a half hour per
week of brisk walking) or more, with an
18% reduction in risk of CHD (RR, 0.82;
95% CI, 0.67-1.00; P=.04 for trend)
(TABLE 5). Walking pace was signifi-
cantly associated with reduced risk in

Table 2. Relative Risk for Coronary Heart Disease Associated With Weekly MET-Hours of Physical Activity and Average Exercise Intensity,
1986-1998*

Model

Cumulatively Updated Volume of Physical Activity by Quintile, MET-h/wk

P Value
for Trend

Quintile 1
0-6.32

Quintile 2
6.33-14.49

Quintile 3
14.50-25.08

Quintile 4
25.09-41.98

Quintile 5
�41.99

Cases, No. (person-years) 432 (93 317) 370 (94 036) 336 (93 466) 294 (91 189) 268 (103 767)

Age-adjusted Reference 0.85 (0.74-0.98) 0.78 (0.67-0.92) 0.72 (0.62-0.83) 0.58 (0.49-0.68) �.001

Multivariate model 1† Reference 0.90 (0.78-1.03) 0.84 (0.73-0.98) 0.80 (0.68-0.92) 0.65 (0.56-0.77) �.001

Multivariate model 2‡ Reference 0.90 (0.78-1.04) 0.87 (0.75-1.00) 0.83 (0.71-0.96) 0.70 (0.59-0.82) �.001

Multivariate model 3§ Reference 0.93 (0.80-1.06) 0.90 (0.78-1.05) 0.87 (0.71-1.01) 0.74 (0.63-0.87) �.001

Multivariate model 4� Reference 0.90 (0.78-1.04) 0.88 (0.76-1.01) 0.84 (0.72-0.98) 0.72 (0.61-0.85) �.001

Average Exercise Intensity, METs
P Value

for TrendLow (1-3.9) Moderate (4-5.9) High (�6)

Cases, No. (person-years) 482 (88 374) 911 (251 489) 307 (135 892)

Age-adjusted Reference 0.83 (0.74-0.93) 0.68 (0.59-0.79) �.001

Multivariate model 1† Reference 0.88 (0.78-0.98) 0.75 (0.65-0.87) �.001

Multivariate model 2‡ Reference 0.91 (0.81-1.02) 0.79 (0.68-0.92) .002

Multivariate model 3§ Reference 0.93 (0.83-1.04) 0.82 (0.71-0.97) .01

Multivariate model 4� Reference 0.94 (0.83-1.04) 0.83 (0.74-0.97) .02

*All values are relative risk (95% confidence interval) unless otherwise specified.
†Adjusted for alcohol consumption, smoking, family history of myocardial infarction, and nutrient intake (polyunsaturated fat, trans fatty acids, folic acid, fiber, vitamin E supple-

ments).
‡Adjusted for covariates in model 1 and for the presence of diabetes, high cholesterol levels, and hypertension at baseline.
§Adjusted for the covariates in model 2 and for BMI.
�Adjusted for the covariates in model 2, with physical activity volume in MET-hours per week and intensity in METS included in the same model.
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age-adjusted and multivariate models.
When analyzed in the same multivari-
ate model with walking MET-hours and
compared with walking at an easy pace,
the RRs corresponding to normal pace
(2-3 mph), brisk pace (3-4 mph), and
very brisk pace (�4 mph) were 0.72
(95% CI, 0.54-0.94), 0.61 (95% CI, 0.45-
0.81), and 0.51 (95% CI, 0.31-0.84), re-
spectively (P�.001 for trend). Thus,
walking pace is related to reduced CHD
risk over and above the effect of walk-

ing volume. Time spent walking and
walking MET-hours were not materi-
ally related to risk in analyses that con-
trolled for walking pace.

COMMENT
In this prospective study, increased total
physical activity was associated with re-
duced risk of CHD in a dose-depen-
dent manner. This inverse association
was not explained by other known coro-
nary risk factors, including BMI. Exer-

cise intensity was associated with an ad-
ditional risk reduction. Running, weight
training, and rowing were each associ-
ated with reduced risk. Walking pace
was strongly related to reduced risk in-
dependent of walking MET-hours.

The strengths of the current study in-
clude the prospective design, the large
size of the cohort, detailed information
on exposure and covariates, the exten-
sive follow-up time, the strict and uni-
form criteria for coronary events, and the
relative homogeneity of socioeco-
nomic status among subjects. Men with
cancer and previous CHD at baseline, as
well as men with physical impairment,
were excluded from the main analyses.
These exclusions are likely to have mini-
mized potential bias related to preexist-
ing disease. Furthermore, when we ex-
cluded men who greatly reduced their
levels of physical activity in the last 2
years, we obtained similar results.

One limitation of our study was self-
report of physical activity. Although our

Table 4. Relative Risks of Coronary Heart Disease Associated With Weight Training,
1990-1998*

Duration of Activity, h/wk
P Value

for Trend0 �0.5† �0.5

Cases, No. (person-years) 1011 (210 126) 96 (29 672) 90 (41 877)
Age-adjusted Reference 0.83 (0.67-1.02) 0.65 (0.51-0.81) �.001
Multivariate model 1‡ Reference 0.88 (0.70-1.11) 0.69 (0.56-0.89) .001
Multivariate model 2§ Reference 0.99 (0.78-1.25) 0.77 (0.61-0.98) .03

*All values are relative risk (95% confidence interval) unless otherwise specified.
†Does not include zero.
‡Adjusted for alcohol consumption, smoking, family history of myocardial infarction, and nutrient intake (polyunsatu-

rated fat, trans fatty acids, folic acid, fiber, and vitamin E supplements).
§Adjusted for covariates in model 1 and for other activities.

Table 3. Multivariate Relative Risk of Coronary Heart Disease by Subtypes of Activity*

Activity

Duration of Activity, h/wk
P Value

for Trend0 �.05† 0.5-1 �1

Running
Cases, No. (person-years) 1511 (362 192) 111 (51 674) 24 (14 486) 54 (47 585)

Age-adjusted Reference 0.72 (0.59-0.88) 0.63 (0.42-0.94) 0.47 (0.35-0.61) �.001

Multivariate‡ Reference 0.87 (0.70-1.07) 0.79 (0.52-1.21) 0.58 (0.44-0.77) �.001

Jogging
Cases, No. (person-years) 1392 (343 179) 198 (83 816) 44 (20 957) 66 (27 984)

Age-adjusted Reference 0.76 (0.65-0.88) 0.69 (0.51-0.93) 0.73 (0.57-0.93) .002

Multivariate‡ Reference 0.86 (0.73-1.01) 0.85 (0.62-1.16) 0.93 (0.72-1.21) .51

Rowing
Cases, No. (person-years) 1107 (271 110) 356 (117 403) 109 (37 931) 128 (49 492)

Age-adjusted Reference 0.82 (0.73-0.93) 0.76 (0.62-0.92) 0.69 (0.57-0.82) �.001

Multivariate‡ Reference 0.91 (0.80-1.03) 0.88 (0.72-1.08) 0.82 (0.68-1.00) .04

Cycling
Cases, No. (person-years) 983 (252 729) 408 (126 099) 118 (37 745) 191 (59 363)

Age-adjusted Reference 0.98 (0.87-1.10) 0.91 (0.75-1.10) 0.92 (0.78-1.07) .21

Multivariate‡ Reference 1.07 (0.95-1.21) 1.06 (0.87-1.29) 1.07 (0.91-1.25) .50

Swimming
Cases, No. (person-years) 1409 (388 393) 195 (60 693) 25 (9829) 71 (16 822)

Age-adjusted Reference 0.97 (0.83-1.12) 0.69 (0.46-1.02) 1.08 (0.85-1.37) .95

Multivariate‡ Reference 1.01 (0.87-1.18) 0.74 (0.50-1.10) 1.21 (0.95-1.54) .29

Racquet sports
Cases, No. (person-years) 1400 (359 072) 108 (43 584) 35 (15 890) 157 (57 391)

Age-adjusted Reference 0.97 (0.80-1.19) 0.80 (0.57-1.12) 0.84 (0.72-1.00) .04

Multivariate‡ Reference 1.08 (0.88-1.32) 0.93 (0.67-1.31) 0.99 (0.84-1.17) .83

*All values are relative risk (95% confidence interval) unless otherwise specified.
†Does not include zero.
‡Adjusted for alcohol consumption, smoking, family history of myocardial infarction, high-intensity activity, and nutrient intake (polyunsaturated fatty acids, trans fatty acids, folic

acid, fiber, and vitamin E supplements), as well as for baseline diabetes, high cholesterol levels, and hypertension, and all other types of physical activity.
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questionnaire was validated against di-
ary and biomarkers, some misclassifi-
cation is inevitable and random mis-
classification usually results in bias
toward the null. Our results corrected
for measurement error illustrated this
point. Because of the observational na-
ture of this study, we cannot com-
pletely rule out the possibility of re-
sidual and unmeasured confounding
and cannot draw a causal relationship
simply based on these data. However,
the magnitude and consistency of the
observed association, together with evi-
dence from randomized trials on car-
diovascular risk factors, strongly sug-
gest protective effects of increasing
physical activity against CHD.

When we analyzed specific activi-
ties such as swimming and cycling, our
findings were limited by their low range
of exposure. For example, only 2% of
the cohort spent more than 1 h/wk
swimming and only 7% spent more
than 1 h/wk cycling. We also suspect
that some participants performed these
sports at lower than typical intensity
(eg, 7 METs) or spent less than re-
ported time in actual exercise.

Walking is the most common lei-
sure activity among US men and wom-
en,11 and it offers an alternative to high-
intensity exercise in older populations.
Current guidelines recommend 30 min-
utes of moderate-intensity activity on

most, and preferably all, days of the
week to prevent CHD and other chronic
diseases.12,13 However, few studies
have assessed the effect of moderate-
intensity activity on risk of CHD. Some
studies suggest that exercise must be
vigorous to reduceCHDrisk,14,15,16 while
others show benefit from moderate
ranges of total physical activity with-
out further risk reduction from high lev-
els of exercise.17,18 More recently, sev-
eral studies have shown that increasing
walking is associated with reduced inci-
dence of coronary events. In a study
among 1645 men and women aged 65
years or older, LaCroix et al19 observed
that walking more than 4 h/wk was asso-
ciated with lower risk of hospitaliza-
tion for cardiovascular disease. In the
Honolulu Heart Program,20 walking less
than 0.25 miles/d and 0.25 to 1.5 miles/d
was associated with RRs of 2.3 (95% CI,
1.3-4.1) and 2.1 (95% CI, 1.2-3.6),
respectively, compared with walking
more than 1.5 miles/d. Manson et al21

also showed an inverse relationship
between walking and the risk of CHD
in the Nurses’ Health Study. The mul-
tivariate RRs for walking, across quin-
tiles of walking (�0.5, 0.6-2.0, 2.1-
3.8, 3.9-9.9 and �10 MET-hours/
week), were 1.0, 0.78 (95% CI, 0.57-
1.06), 0.88 (95% CI, 0.65-1.21), 0.70
(95% CI, 0.51-0.95), and 0.65 (95% CI,
0.47-0.91), respectively.

Other data show null or marginal re-
sults for the effect of walking on risk
of CHD. In the Harvard Alumni Health
Study,22 the trend of reduced CHD risk
with increasing levels of walking was
not significant. The authors attributed
this result to a threshold effect, to the
imprecise measurement of moderate ac-
tivities, or to the difficulty in achiev-
ing high enough energy expenditure
from moderate exercise. Also, in the
Atherosclerosis Risk in Communities
(ARIC) study,23 frequent walking and
the composite score of light activities
were not associated with significant re-
ductions in CHD risk.

We found an inverse relationship
between walking and risk of CHD, but
the association was significant only for
thehighestquintile inmultivariateanaly-
sis.Also,walkingpacewasstronglyasso-
ciated with risk, suggesting that inten-
sity of walking was more important than
timespent.Only2previousstudies,both
in women, have investigated the inde-
pendentassociationofwalkingpacewith
riskofCHD. In theNurses’HealthStudy,
walking pace was associated with CHD
risk independent of the number of MET-
hoursspentwalking,21 while intheWom-
en’s Health Study, time spent walking,
butnotwalkingpace,wasrelatedtorisk.24

It has also been reported that time spent
walkingmaybe lessvalidly reported than
usualwalkingpace.24 Briskandverybrisk

Table 5. Relative Risk for Coronary Heart Disease Associated With Walking and With Walking Pace Among Men Who Did Not Perform
Vigorous Exercise Regularly (ie, �1 h/wk)*

Walking, MET-h/wk

P Value
Quintile 1

0-1.19
Quintile 2
1.20-3.49

Quintile 3
3.50-6.99

Quintile 4
7.00-14.74

Quintile 5
�14.75

Cases, No. (person-years) 215 (49 592) 228 (51 111) 190 (46 185) 221 (44 519) 203 (47 775)

Age-adjusted Reference 0.97 (0.81-1.17) 0.86 (0.70-1.04) 0.95 (0.78-1.15) 0.74 (0.61-0.90) .002

Multivariate model 1† Reference 1.00 (0.83-1.21) 0.90 (0.74-1.10) 1.02 (0.84-1.23) 0.82 (0.67-1.00) .04

Multivariate model 2‡ Reference 1.03 (0.85-1.25) 0.96 (0.78-1.17) 1.10 (0.90-1.34) 0.90 (0.73-1.10) .27

Usual Walking Pace, mph

P Value�2 2 to 3 3 to 4 �4

Cases, No. (person-years) 102 (11 950) 611 (124 571) 316 (92 620) 28 (10 040)

Age-adjusted Reference 0.66 (0.53-0.81) 0.52 (0.41-0.65) 0.45 (0.29-0.68) �.001

Multivariate model 1† Reference 0.74 (0.60-0.91) 0.60 (0.45-0.79) 0.50 (0.30-0.83) �.001

Multivariate model 2‡ Reference 0.72 (0.54-0.94) 0.61 (0.45-0.81) 0.51 (0.31-0.84) �.001

*All values are relative risk (95% confidence interval) unless otherwise specified. MET indicates metabolic equivalent.
†Adjusted for alcohol consumption, smoking, family history of myocardial infarction, and nutrient intake (polyunsaturated fat, trans fatty acids, folic acid, fiber and vitamin E supple-

ments), as well as for baseline diabetes, high cholesterol levels, and hypertension.
‡Adjusted for covariates in model 1 and with walking volume in MET-hours per week and walking pace included in the same model.
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walking correspond to moderate exer-
cise while walking at an easy or moder-
ate pace represents low-intensity activ-
ity. Therefore, our findings lend some
support to current recommendations for
regular moderate exercise. Nonethe-
less, as shown in our analyses on total
physical activity, performing the same
number of MET-hours at a higher inten-
sity is associated with further risk reduc-
tion.Hence,whilemoderateexercise like
brisk walking is associated with reduced
risk, greater risk reduction can be
obtained with more intense exercise.

Mechanisms that are likely to ex-
plain the effect of physical activity on risk
of CHD are multiple: direct action on the
heart (increased myocardial oxygen sup-
ply, improved myocardial contraction,
and electrical stability), increased high-
density lipoprotein cholesterol levels, de-
creased low-density lipoprotein choles-
terol levels, lowered blood pressure,
decreased blood coagulability, and in-
creased insulin sensitivity.25 Moderate-
intensity activities are associated with im-
provements in lipoprotein profile26 and
glucose control,27 but frequent sessions
to achieve a total high-energy expendi-
ture may be required.28 The additional
risk reduction observed with higher in-
tensity may be due to its effect on aero-
bic fitness, which is a strong predictor
of CHD risk,29,30 and to energy balance.

A novel finding of our study was the
significant reduction in CHD risk from
resistive-type activities (ie, weight train-
ing and use of strength machines). Pre-
vious prospective studies have not di-
rectly assessed this relationship, but there
is increasing evidence for the beneficial
effects of strength training on CHD risk
factors. Weight training increases fat-
free mass and possibly resting meta-
bolic rate,31 improves glycemic con-
trol,32 and may improve lipoprotein
profile33 and reduce hypertension.34 Cur-
rently, strength training is recom-
mended primarily for elderly persons and
individuals with cardiovascular dis-
ease12 as a means of improving overall
musculoskeletal function. More re-
search is needed to address whether in-
clusion of strength training recommen-
dations forCHDprevention iswarranted.

In conclusion, our study confirms a
significant inverse dose-response rela-
tionship between total physical activ-
ity and risk of CHD. Additionally, we
found that running, rowing, and weight
training were related to reduced CHD
risk. Intensity of physical activity was
related to reduced risk, as reflected by
the inverse association of walking pace
and overall exercise intensity with CHD
incidence. Thus, increasing total vol-
ume of activity, increasing intensity of
aerobic exercise from low to moderate
and from moderate to high, and add-
ing weight training to the exercise pro-
gram are among the most effective strat-
egies to reduce the risk of CHD in men.
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