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Abstract
Purpose—Although studies have shown health benefits for moderate-intensity physical activity,
there is limited evidence to support beneficial effects for high amounts of vigorous activity among
middle-aged and older men. The objective of this study was to examine the relationship between
vigorous-intensity physical activity, compared to moderate-intensity activity, and risk of major
chronic disease in men.

Methods—We prospectively examined the associations between vigorous- and moderate-
intensity physical activity and risk of major chronic disease among 44,551 men aged 40–75 years
in 1986. Leisure-time physical activity was assessed biennially by questionnaire. During 22 years
of follow-up, we documented 14,162 incident cases of major chronic disease, including 4769
cardiovascular events, 6449 cancer events, and 2944 deaths from other causes.

Results—The hazard ratio (HR) of major chronic disease comparing ≥ 21 to 0 MET-hours/week
of exercise was 0.86 (95% CI: 0.81, 0.91) for vigorous-intensity activity and 0.85 (95% CI: 0.80,
0.90) for moderate activity. For CVD, the corresponding HR were 0.78 (95% CI: 0.70, 0.86) and
0.80 (95% CI: 0.72, 0.88), respectively. When examined separately, running, tennis, and brisk
walking were inversely associated with CVD risk. Furthermore, more vigorous activity was
associated with lower disease risk; the HR comparing >70 to 0 MET-hours/week of vigorous-
intensity exercise was 0.79 (95% CI: 0.68, 0.92; P <0.0001 for trend) for major chronic disease
and 0.73 (95% CI: 0.56, 0.96; P <0.0001 for trend) for CVD.

Conclusions—Vigorous- and moderate-intensity physical activity were associated with lower
risk of major chronic disease and cardiovascular disease. Increasing amounts of vigorous activity
remained inversely associated with disease risk, even among men in the highest categories of
exercise.
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INTRODUCTION
The importance of physical activity in disease prevention has been widely studied and is
generally well accepted. There is substantial evidence that suggests that active individuals
have a 30% reduced risk for developing cardiovascular disease (CVD) compared to inactive
individuals(18, 27, 30, 35).

The most consistent associations between physical activity and reduced cancer risk have
been observed for breast and colon cancers(6, 8, 16, 27, 32). Growing evidence now also
supports reduced risks of lung and pancreatic cancer in physically active persons(2, 15 –17,
21, 26, 27, 34).

Several studies have reported reduced risks of CVD and mortality for vigorous-intensity
activity compared with lesser-intensity physical activity(13, 27, 35). However, few have
accounted adequately for duration and total energy expended. Therefore, it is uncertain
whether reduced risk of disease attributed to physical activity is due to higher intensity
exercise or simply more energy expended.

For CVD and cancer, greater overall activity provides greater benefit but the shape of the
dose-response curve specifically for vigorous-intensity activity is not well defined(27). The
dose-response curve between exercise and health risk at high levels of intensity and duration
is important to determine especially if too much exercise causes harm. Several studies have
demonstrated biochemical or echocardiographic evidence of cardiac dysfunction and injury
in recreational marathon runners and endurance athletes(5, 11, 25, 28, 31).

The purpose of this study was to assess the relationship between vigorous-intensity physical
activity, compared to moderate-intensity activity, and risk of major chronic disease in men.
Additionally, we specifically investigated the dose-response relationship between total
amount of vigorous-intensity activity and risk of disease. The overall associations of
moderate- and vigorous-intensity physical activity with major chronic disease provide
insight into total public health effects, including whether harm could occur due to
performing too much exercise.

METHODS
Study Population

The Health Professionals Follow-up Study (HPFS) began in 1986, when 51,529
predominately white, male podiatrists, optometrists, pharmacists, dentists, and veterinarians,
aged 40 to 75 years, completed the baseline questionnaire that included lifestyle assessment
and medical history. Follow-up questionnaires were sent biennially to update information on
potential risk factors and medical conditions. Follow-up was complete for over 90% of
participants in each 2-year cycle. After exclusion of men with CVD or cancer prior to 1986
or missing physical activity at baseline, 44,551 men were included in these analyses.
Responses to questionnaires constituted written informed consent and the protocol was
approved by the Institutional Review Board at the Harvard School of Public Health.
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Assessment of Physical Activity
Leisure-time physical activity was assessed every two years between 1986 and 2006 through
questions on average total time per week spent on each of ten activities over the previous
year. Walking pace, categorized as casual (<2 miles/hour), normal (2–2.9 miles/hour), brisk
(3–3.9 miles/hour), or striding (≥4 miles/hour), was also assessed. A metabolic equivalent
task (MET) score was assigned to each activity based on its energy cost (1). To calculate the
amount of energy expended, the time spent at each activity in hours per week was multiplied
by its MET score then summed over all activities to yield total MET-hours/week. Vigorous
activities, defined as requiring MET values ≥ 6, were jogging (>10 minutes/mile), running
(≤10 minutes/mile), bicycling, swimming, tennis, squash or racquetball, and rowing.
Moderate activities (3 ≤ METs < 6) were brisk walking, heavy outdoor work, and weight
training. To represent long-term levels of exercise more accurately and to reduce
measurement error(9), we calculated the cumulative average of physical activity levels from
all available questionnaires up to the start of each 2-year follow-up interval(10).

The validity and reproducibility of the physical activity questionnaire have been reported in
detail elsewhere(3). Briefly, Pearson correlations between four 1-week diaries and the
questionnaire was 0.65 for total activity, 0.58 for vigorous-intensity activity, and 0.28 for
non-vigorous activity. The Spearman correlation between questionnaire-derived vigorous
activity and resting pulse rate was −0.45.

Ascertainment of End Points
The primary endpoint of this analysis was incident major chronic disease, defined as the sum
of total CVD, total cancer, or other non-traumatic death(19). We also examined the
associations of physical activity with CVD and cancer separately. When an outcome of
interest was reported, we sought permission to obtain medical records, which were used to
confirm and classify self-reported diagnoses by physicians blinded to exposure data.

Total CVD included fatal or nonfatal myocardial infarction (MI) and fatal or nonfatal stroke.
MI was confirmed according to World Health Organization criteria: symptoms plus either
diagnostic ECG changes or elevated cardiac enzymes(29). Stroke was confirmed by
diagnosis of a typical neurological defect of sudden or rapid onset lasting ≥ 24 hours that
was attributable to a cerebrovascular event (36). We included all cancers except non-
melanoma skin cancer and low-grade, organ-confined prostate cancer because of the
relatively low mortality from these highly prevalent lesions.

Deaths were reported by next of kin or the postal service or through the National Death
Index. We estimated that follow-up for deaths was more than 98% complete (33). Cause of
death was confirmed by reviewing medical records or autopsy reports. All causes of death,
except those resulting from external causes (e.g. injuries and suicides), were included.

Statistical Analysis
All analyses were performed using SAS statistical software, version 9.2 (SAS Institute Inc,
Cary, North Carolina). Each eligible participant contributed person-time until the first
diagnosis of CVD, cancer, or death or until January 31st, 2008.

For certain conditions (e.g., dementia, respiratory disease), there may not be an isolated
“date” of onset and exercise is probably limited before a clinical diagnosis is made. To
minimize bias due to reverse causation for these conditions, we stopped updating physical
activity for a period in which individuals reported difficulty climbing a flight of stairs or
walking. Additionally, we performed analyses with a 2- and 4-year lag to exclude preclinical
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cases at baseline. For example, in a 2-year lag analysis, the cumulative average of activity
reported in 1986 and 1988 would be used for the 1990–1992 follow-up period.

Since diagnosis of intermediate events or conditions may lead to systematic changes in
physical activity, we examined whether participants changed their level of exercise after
such diagnoses. We found that participants changed their level of exercise after angina,
CABG, and TIA, and as such we stopped updating physical activity after new diagnosis of
these conditions.

Cox proportional hazards models were used to estimate hazard ratios (HR) of outcomes over
each 2-year follow-up interval. Tests for linear trend were computed by using the medians
for categories modeled as a continuous variable. We also examined the possibly non-linear
relation between vigorous activity and major chronic disease non-parametrically with
restricted cubic splines(4). Tests for non-linearity used the likelihood ratio test, comparing
the model with only the linear term to the model with linear and cubic spline terms. The
proportional hazards assumptions were tested by including interaction terms between
exposure and time or age and comparing the difference in −2 log likelihood between the
interaction model and the model without the interaction terms. In all cases, the interactions
were not significant, indicating that the proportional hazards assumptions were met.

Participants were divided into categories of physical activity (0, 0.1 –3.5, 3.6 – 8.8, 8.9 – 21,
> 21 MET-hours/week) based on the distribution of vigorous- and moderate-intensity
activity and informative cut points. For example, 3.5 MET-hrs/wk corresponds to 1 hour of
moderate or 0.5 hours of vigorous activity, 8.8 MET-hrs/wk to 2.5 hours of moderate or 1.25
hours of vigorous activity (the current recommendations based on the Physical Activity
Guidelines for Americans) and 21 MET-hrs/wk to 6 – 7 hours of moderate or 3 hours of
vigorous activity. To assess if exercise intensity was related to major chronic disease
independent of amount of energy expended, we included vigorous-, moderate-, and low-
intensity activity in MET-hours/week in the same model(22). In this model, the coefficient
for each intensity represents the effect of increasing activity of this intensity while holding
other activity types constant. In secondary analyses, we used a substitution model to
estimate the effect of replacing moderate-intensity physical activity with vigorous activity,
keeping total MET-hours constant (22).

In addition, we looked at each type of activity separately while adjusting for all other
activities using categories of 0, 0.1 – 0.9, 1.0 – 1.9, 2.0 – 4.9, and 5+ hours per week. For
this analysis we used hours rather than MET-hours to examine high levels of all activities,
both those requiring more METs (e.g. running) and fewer METs (e.g. walking). Yard work
and weight training were not assessed at baseline; follow-up for these activities began in
1988 and 1990, respectively. Finally, to evaluate the upper end of the dose-response curve
for vigorous-intensity physical activity, we divided the highest category (> 21 MET-hours/
week) into smaller groups while adjusting for low- and moderate-intensity activity.

In all multivariable models, we stratified on age in months and included the following
covariates: smoking (five categories), aspirin use, vitamin E supplement use, parental
history of MI or cancer, alcohol consumption (five categories), energy-adjusted intake of
polyunsaturated fat, trans fatty acids, omega-3 fatty acids, and fiber (quintiles), as well as
diabetes, hypertension, and hypercholesterolemia at baseline. All covariates were updated
over time, except for diabetes, hypertension, or hypercholesterolemia because the incidence
of these conditions may be in the causal pathway relating physical activity to CVD.
Information from previous questionnaires was used when covariate data in a given cycle
were missing. For dietary covariates, the cumulative average intake was used to reduce
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measurement error(10). In secondary analyses we additionally adjusted for body mass index
(BMI), also a potential intermediate.

The interaction between vigorous and moderate physical activity was assessed by the
difference in −2 log likelihood between the model containing the interaction with moderate
activity in two categories (≤ 1 hour/week vs. >1 hour/week moderate activity) and the main
effects model. The interaction between vigorous activity and age (< 70 years, ≥ 70 years)
was similarly assessed.

RESULTS
We examined vigorous-intensity physical activity in relation to other potential risk factors
for major chronic disease at baseline (Table 1). Men who reported more vigorous activity
tended to have lower BMI, were less likely to smoke, and had higher intakes of omega-3
fatty acids and fiber.

During 22 years of follow-up, a total of 14,162 men (31%) developed a major chronic
disease event. These included 4769 CVD events, 6449 cancer events, and 2944 deaths from
other causes (e.g. pneumonia, kidney, or liver disease). There was a significant inverse
association between total physical activity and risk of major chronic disease and total CVD,
but no association with total cancer after adjusting for covariates (Table 2).

In multivariable-adjusted analyses, moderate-and vigorous-intensity activity were inversely
associated with risk of major chronic disease (P for trend <0.0001 for both; Table 2). The
hazard ratio (HR) for major chronic disease comparing ≥ 21 to 0 MET-hours/week of
physical activity was 0.86 (95% confidence interval [CI]: 0.81, 0.91) for vigorous activity
and 0.85 (95% CI: 0.80, 0.90) for moderate activity (Table 2). The results for total CVD
were stronger, with HR comparing extreme categories of 0.78 (95% CI: 0.70, 0.86; P for
trend < 0.0001) for vigorous activity and 0.80 (95% CI: 0.72, 0.88; P for trend < 0.0001) for
moderate activity (Table 2). All associations were mildly attenuated after adjustment for
BMI, but remained statistically significant. Using category medians, the HR for CVD
corresponding to 10 MET-hr/wk of energy expended in vigorous activity was 0.93 (95% CI:
0.91, 0.95) compared to a HR of 0.95 (95% CI: 0.92, 0.97) for moderate activity (Table 2).
In secondary analyses, we found replacing 10 MET-hr/wk of moderate-intensity activity
with 10 MET-hr/wk of vigorous-intensity activity was associated with lower CVD risk (HR:
0.96, 95% CI: 0.93, 0.99, p = 0.02). Similar results were obtained for vigorous-intensity
activity in the 2- and 4-year lag analyses, but results for moderate-intensity activity were
attenuated suggesting benefits of moderate activity may be short-term. Vigorous activity
was inversely associated with age-adjusted risk of total cancer (P for trend = 0.009; Table 2),
but no longer significant after covariate adjustment. Moderate-intensity activity was not
associated with total cancer risk. We also repeated this analysis using “net” MET levels (i.e.
subtracting MET-hours of resting metabolism from total MET-hours of activity) and
obtained similar results.

We examined the association between individual activities and CVD risk (Table 3). In
multivariable-adjusted analyses including all activities simultaneously in the model, running,
tennis, and brisk walking were significantly associated with CVD (P for trend <0.0001,
0.004, and <0.0001 respectively) (Table 3). Running ≥ 5 hours/week was associated with a
46% risk reduction (HR: 0.54; 95% CI: 0.33, 0.89), tennis with a 28% risk reduction (HR:
0.72; 95% CI: 0.56, 0.92), and brisk walking with a 23% risk reduction (HR: 0.77, 95% CI:
0.68, 0.88) compared to men not participating in these activities (Table 3).

When we examined the more extreme categories of vigorous-intensity activity, higher
amounts of vigorous activity were associated with a lower risk of major chronic disease and
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total CVD (Figure 1). The multivariable-adjusted HR comparing ≥ 70 MET-hrs/wk of
vigorous-intensity activity, which is equivalent to 10+ hours per week of vigorous exercise,
to 0 MET-hrs/wk was 0.79 (95% CI: 0.68, 0.92; P for trend < 0.0001) for major chronic
disease and 0.73 (95% CI: 0.56, 0.96; P for trend < 0.0001) for CVD (Figure 1). In models
further adjusted for BMI, the corresponding HR were 0.80 (95% CI: 0.69, 0.93; P for trend <
0.0001) for major chronic disease and 0.78 (95% CI: 0.60, 1.02; P for trend < 0.0001) for
CVD. There was no association between vigorous activity and risk of total cancer.

We did find evidence of non-linearity when applying restricted cubic splines to the
association between vigorous activity and major chronic disease (p < 0.0001) and CVD (p =
0.03). As shown in Figure 1, for major chronic disease and CVD, much of the risk reduction
is achieved in lower categories of vigorous activity; additional risk reduction is seen in
higher categories, but with smaller magnitude.

We also investigated the association between vigorous-intensity physical activity and major
chronic disease within subgroups defined by age (< 70 years, ≥ 70 years) and concurrent
moderate-intensity exercise (≤ 1 hour/week, >1 hour/week moderate activity). An inverse
association was observed in men younger than 70 and in men 70 years and older. There was,
however, evidence of an interaction between participation in moderate activity and vigorous
activity. Although significant in both groups, the inverse association between vigorous-
intensity activity and major chronic disease was stronger among men reporting ≤ 1 hour/
week of moderate activity compared to men reporting > 1 hour/week (P for interaction =
0.01) (Figure 2).

DISCUSSION
In this large, prospective study of U.S. men, vigorous-intensity physical activity, even at ≥
70 MET-hours per week, was associated with decreased risk of incident major chronic
disease and total cardiovascular disease. Moderate-intensity physical activity was also
associated with decreased risk, albeit weaker. When examined individually, running, tennis,
and brisk walking were each associated with reduced CVD risk. We observed no association
between vigorous- or moderate-intensity physical activity and risk of total cancer.

Although moderate-intensity physical activity was associated with decreased risk of total
CVD, we found that vigorous exercise was modestly more protective. When 10 MET-hours
per week of moderate exercise was substituted for an identical amount of energy expended
on vigorous exercise, CVD risk was 4% lower (p = 0.02). This result is consistent with
previous studies; among studies that investigated the association between exercise intensity
and CHD while adjusting for amount of energy expended, all reported inverse associations
between intensity of physical activity and CHD risk(14, 35). This may be due to a true
biological advantage of vigorous activity or because vigorous activity is measured with
greater validity than non-vigorous activity(3).

A limitation of the questionnaire used to assess physical activity in this study is that it does
not include an assessment of the intensity at which participants perform many of the
activities. Thus, some participants may perform vigorous activities, like bicycling and
swimming, at a truly vigorous intensity while others may be performing these same
activities at a much lower intensity. The inability to distinguish between the same activity
performed at different intensities may have diminished our ability to observe a larger
difference between vigorous- and moderate-intensity activity and risk of disease. In contrast,
for activities where we do have an estimate of intensity because we assess pace (e.g. brisk
walking and running) we found strong inverse associations with CVD.
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We investigated the high end of the dose-response curve for vigorous-intensity activity to
determine if too much activity is harmful(5, 11, 25, 28, 31). A study on coronary artery
calcification (CAC) in marathon runners found that a CAC score ≥ 100 was present in 36%
of runners and CAC score among marathoners exceeded that in controls matched for age
and Framingham Risk Score. Additionally, CAC burden and frequent marathon running
were correlated with subclinical myocardial damage, indicating a potentially higher
coronary risk than may be anticipated(23). Another study, using cardiovascular magnetic
resonance imaging, found 50% of older lifelong endurance athletes had evidence of
myocardial fibrosis whereas age-matched controls or young athletes had none(37). We
found no evidence of increased cardiovascular risk for high amounts of vigorous-intensity
physical activity even among men in the top 1–2% of vigorous exercise (corresponding to
10+ hours per week). Furthermore, when each vigorous activity was examined separately,
all but one was inversely associated with CVD. Specifically, running ≥ 5 hours per week
was associated with the lowest cardiovascular risk. This result is reassuring as much of the
discussion regarding health risk at high levels of exercise has resulted from adverse
outcomes in runners and endurance athletes. We cannot, however, exclude the possibility
that more extreme levels of physical activity than reported in our population of middle-aged
and older men may be harmful.

There are multiple mechanisms through which physical activity may decrease risk of
disease. Physical activity reduces CVD risk through improvements in blood pressure,
lipoprotein levels, and glucose tolerance(12, 24); activity also enhances cardiac mechanical
and metabolic function(7); and improves hemostatic factors(24). Exercise may affect cancer
risk through effects on obesity, with resulting changes to circulating levels of adipokines,
cytokines, insulin, and sex hormones(15, 20). Other mechanisms may involve direct effects
on target organs and tissues(20). We did not find an inverse association for physical activity
and total cancer, but that does not rule out lower risk for several specific cancer sites(6, 8,
16, 17, 21, 27, 32).

Strengths of our study include the prospective design, detailed information on physical
activity and covariates, the large number of major chronic disease events, and minimal loss
to follow-up.

Our study also has several limitations that should be considered. As in any observational
study, the possibility of residual confounding cannot be eliminated. Our study population,
consisting of predominantly white, male health professionals, is not representative of the
general population. Thus, we cannot necessarily generalize our results to women or other
populations with different educational levels, incomes, or distributions of race and ethnicity.
Physical activity was self-reported in this study, but this method has been previously
validated in this population(3). Measurement error is unlikely to bias our results because
physical activity was assessed prospectively and would be non-differential with respect to
subsequent disease status.

In conclusion, vigorous- and moderate-intensity physical activity was associated with lower
risk of major chronic disease and total cardiovascular disease. Running, playing tennis, and
brisk walking were associated with significantly reduced risk of cardiovascular disease.
Increasing amounts of vigorous activity remained inversely associated with risk of major
chronic disease and cardiovascular disease; even among men in the highest categories of
vigorous activity, there was not an increased risk of CVD events.
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Figure 1. Hazard ratios and 95% confidence intervals (CI) of major chronic disease (A),
cardiovascular disease (B), and cancer (C) associated with weekly MET-hours of vigorous-
intensity physical activity
The hazard ratios are adjusted for age, moderate-intensity and low-intensity activities,
parental history of MI at or before age 60 years, parental history of cancer at or before age
60 years, smoking, aspirin, vitamin E supplement use, intake of polyunsaturated fat, trans
fat, EPA+DHA, and fiber, as well as alcohol intake and pre-existing disease including a
diagnosis of diabetes, hypertension, or hypercholesterolemia.
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Figure 2. Hazard ratios and 95% confidence intervals (CI) of major chronic disease associated
with weekly MET-hours of vigorous-intensity physical activity, stratified by participation in ≤ 1
hour of moderate activity per week (A) or > 1 hour of moderate activity per week (B)
P = 0.01 for interaction between vigorous activity and participation in moderate activity. The
height of the bars represents the hazard ratios adjusted for age, moderate-intensity and low-
intensity activities, parental history of MI at or before age 60 years, parental history of
cancer at or before age 60 years, smoking, aspirin, vitamin E supplement use, intake of
polyunsaturated fat, trans fat, EPA+DHA, and fiber, as well as alcohol intake and pre-
existing disease including a diagnosis of diabetes, hypertension, or hypercholesterolemia.
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