




had lower death rates than sedentary men in the low 8MI 
group. A limitation of these reports is that the upper 8MI 
categories included individuals with only mild to moderate 
overweight. 

Cardiovascular Disease Mortality 

We only found three reports on cardiovascular disease 
mortality (defined as ICD-9 codes 390 to 449.9) that met our 
review criteria (see Table 2). These include two studies from 
extended follow-up in the ACLS cohort discussed in the 
section on all-cause mortality (18.19) and one additional 
report from the same study (10). Results of these analyses 
were similar to that for all-cause mortality. Unfit men had 
substantially higher cardiovascular disease death rates than 
fit men in the same body habitus group (8MI. percent body 
fat. fat mass. and fat-free mass l. Although there was an 
inverse trend for cardiovascular disease deaths across fitness 
categories in individuals with a 8MI 2 27.0 (rates 17.9, 
10.6. and 9.5/1 0.000 man-years). the trend was not signifi­
cant (p = 0.24) (10). Fit men in the highest body habitus 
groups had lower death rates than unfit men in the lowest 
body habitus groups. However. there was a tendency, even 
in the fit men. for cardiovascular disease death rates to be 
higher in higher body habitus groups than in the lower body 
habitus groups. which suggests that higher fitness does not 
eliminate excess cardiovascular disease mortality in indi­
viduals in the higher body habitus groups. This is in contrast 
to results from the studies on all-cause mortality where no 
excess risk was seen in the fit men who were overweight 
and/or obese (Table 1). 

CHD 

There were seven studies that included CHD as an out­
come (Table 3), sometimes combined as fatal and nonfatal 
events and sometimes as fatal events, and 8MI and physical 
activity as exposure variables. 8MI was determined by 
self-report in five of the studies and measured in the other 
two studies. Physical activity was estimated from self­
reports of leisure-time physical activity in all studies. and 
one study also included data on self-reported occupational 
activity (33). All reports included data for men. but only one 
study included data for women (33). The report on women 
includes only 12 events, and the results are inconsistent. 
both within exposure groups for the women and in relation 
to the results for men in this and other papers. 

Results of the cross-tabulation of body habitus and phys­
ical activity in relation to CHD were similar to those de­
scribed earlier for all-cause and cardiovascular disease mor­
tality. Physically active men had lower rates of CHD than 
inactive men in all studies. and in all 8MI strata. In generaL 
active men in the high 8MI group had lower CHD rates than 
inactive men in the low 8MI group. In some studies the 
difference between these divergent groups was striking. For 
example. Morris et al. (23) reported that men with a 8MI 2 

27.0 who regularly participated in vigorous exercise had a 
heart attack rate of 1.3/1 000 man-years, and men with a 
BMI < 24.0 who were inactive had a rate of 5.5/1 000 

man-years. Salonen et al. (33) reported that men with a 
8MI 2 27.0 in an active occupation and with high leisure 
time physical activity had a CHD mortality rate of 7.-+/1 000. 
In contrast, men with a 8MI < 27.0 who were sedentary at 
work and in leisure time had a mortality rate of 25.9/1000. 
Regular physical activity appeared to provide substantial 
protection against CHD, especially in overweight men. 

Hypertension 

We found only two papers with hypertension as the 
outcome that met our inclusion criteria (Table 4). Paffen­
barger et al. (26,30) followed two cohorts of college alumni 
for up to IS yr for the development of incident physician­
diagnosed hypertension. Validity of self-report of both ex­
posure and outcome assessments was high in these well­
educated men. In generaL acti ve men in both studies had a 
lower risk of developing hypertension than sedentary men in 
different 8MI categories. although this difference was sig­
nificant only in the two highest 8MI categories in the 
Harvard men. Among the inactive University of Pennsylva­
nia alumni. the incidence of hypertension was greater than 
among active men in all 8MI categories. None of these 
differences were statistically significant. 

In summary. regular physical activity appears to reduce 
the risk of developing hypertension in men with elevated 
8MI. but this association is less marked than was observed 
for the mortality outcomes reviewed earlier. Reduction in 
risk for active men was greatest in men in the high 8MI 
categories. 

Type 2 Diabetes Mellitus 

Five studies with type 2 diabetes mellitus as the outcome 
variable are summarized in Table 5. One study was in 
women and four studies included only men. Four of the 
studies relied on self-reported physical activity. height and 
weight. and presence of type 2 diabetes mellitus from mail­
back questionnaires. Active individuals in these studies had 
a lower incidence of type 2 diabetes than sedentary partic­
ipants. and this association tended to be stronger among 
those in the highest 8MI categories. For example, there was 
a 39% lower risk (P = 0.005) in the active men with a 
8MI > 26.-+ when compared with sedentary men in the 
Physicians' Health Study. and this association was absent or 
much weaker in the lighter men (21). Data from the Hono­
lulu Heart study were similar to those reported in the Phy­
sicians' Health Study, with the additional observation that 
the trend across activity categories in men with a 8MI 2 

28.2 was not significant for all men combined or men with 
a glucose < 225 mgodL -I (6). Results for men and women 
were similar in these studies. 

Studies relating physical activity and type 2 diabetes 
mellitus that rely on self-reported physical activity and 
presence of diagnosed diabetes may underestimate the true 
risk of sedentary habits in relation to this disease. This is 
because of the limitations of self-reported exercise habits 
and also because approximately 50% of the prevalent cases 
of type 2 diabetes are undiagnosed. which leads to substan­
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tial misclassification on both the exposure and outcome 
variables. Wei et al. (39) recently reported a greater than 
3-fold increased risk for developing type 2 diabetes in men 
with low cardiorespiratory fitness when compared with high 
fit men. The odds ratio was 3.7 when adjusted for age. 
history of parental diabetes. and length of follow-up, and 
this was only reduced to 3.2 after additional adjustment for 
BNU. high blood pressure. high density lipoprotein (HDL)­
cholesterol. total cholesterol. triglycerides. cigarette smok­
ing status. alcohol intake. and change in fitness. In addition 
to an objective measurement of the activity exposure. dia­
betes in this study also was determined objectively by mea­
suring fasting plasma glucose concentrations at baseline and 
at follow-up. These authors reported a steep inverse gradient 
of risk across fitness categories among individuals with 
8NU of < 27.0 (P < 0.001) and ~ 27.0 (P < 0.006) (see 
Fig. 1). Fit men with a 8MI of ~ 27.0 had a slightly lower 
incidence of type 2 diabetes than unfit men in the 8MI < 
27.0 group. Wei et al. (39) also reported a substantially 
increased risk of developing impaired fasting glucose (fast­
ing plasma glucose ~ 110 to < 126 mg'dL - I). The odds 
ratio for impaired fasting glucose in men with low fitness 
when compared with men with high fitness was 2.1 in the 
fully adjusted model. The results were similar among men in 
high and low strata of 8M!. 

8eing active and fit appears to reduce the risk of type 2 
diabetes. at least in heavy individuals. This association was 
strongest in the study with objective measures of both ex­
posures and outcome. 

Cancer 

We found four studies in which cancer was the outcome 
(Table 6). Physical activity was assessed in all studies by 
self-report. Self-reported height and weight were used to 
calculate 8MI in one study. Two studies were in women 
only, and the other two studies included both women and 
men. In general. we consider the results for cancer incon­
clusive. In several of the analyses cancer risk was higher in 
sedentary individuals, but the results in the highest 8MI 
groups 'vere not consistent. For example, sedentary women 
with a BMI ~ 25.0 had nearly five times higher endometrial 
cancer risk than highly active women in the same 8MI 
category (20). However, there was a nonsignificant trend of 
higher risk of breast cancer across activity categories in 
women with a 8MI > 25.7 (37). In the same study, a steep 
inverse gradient of breast cancer risk across activity groups 
was found in women with a 8MI < 22.8. It is difficult to 
generalize the results presented in Table 6 because of the 
inconsistent results associated with different cancer out­
comes. In some studies the outcome was a single type of 
cancer. and in one study cancer at all sites was the outcome 
of interest. 

CONCLUSIONS 

The review performed for this report addressed three 
questions: 

PHYSICAL INACTIVITY AND OBESITY AND MORBIDITY AND MORTALITY 
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Figure i-Incidence of type 2 diabetes (per 1000 man-years) among 
cardiorespiratory fitness levels according to BMI (kg'm -2). White bars 
indicate the low fitness group, diagonal lines the moderate fitness 
group, and black bars the high fitness group. Adapted by permission 
from 39. Wei, M., L. W. Gibbons, T. L. Mitchell, J. B. Kampert, C. D. 
Lee, and S. N. Blair. The association between cardiorespiratory fitness 
and impaired fasting glucose and type 2 diabetes mellitus in men. Ann. 
Intern. Med. 130:89-96, 1999. 

1. Do higher levels of physical activity or 
cardiorespiratory fitness attenuate the increased 
risk of morbidity and mortality in overweight or 
obese persons? 

Evidence statement. Overweight and obese individu­
als who are active and fit have lower rates of disease and 
death than overweight and obese individuals who are inac­
tive and unfit. This inverse gradient of risk across activity or 
fitness categories is present in various strata of body habitus 
and frequently is steeper in the higher categories of body 
habitus variables. 

Rationale. Active and fit individuals in nearly all the 
studies summarized in Tables 1-6 had lower rates of mor­
bidity and mortality than sedentary and unfit individuals in 
all strata of body habitus. These findings remained after 
adjustment for age and other potential confounding vari­
ables and were seen for the various specific outcomes in­
cluded here. An active and fit way of life apparently pro­
vides protection against several chronic diseases. and this 
association typically is present in all strata of body habitus. 
The inverse gradient of risk across levels of activity or 
fitness often was steeper in the higher strata of body habitus 
than among leaner individuals. For example. Morris et al. 
(23) report heart attack rates in men with a 8MI ~ 27.0 of 
7.3/1000 man-years in sedentary men and only 1.3/1000 
man-years in regular vigorous exercisers. Corresponding 
rates in men with a 8MI < 24.0 were 5.5/1 000 man-years 
in sedentary men and 1.9/1 000 man-years in regular vigor­
ous exercisers. 

2. Do overweight or obese individuals who are physically 
active or fit actually have a lower risk of morbidity and 
mortality than normal weight individuals who are sedentary 
(i.e .. what is magnitude of the protective effect of activity or 
fitness in overweight and obese individuals)'? 

Evidence Statement: Overweight or obese individu­
als who are active and fit are less likely to develop obesity­
related chronic diseases and have early death than normal 
weight persons who lead sedentary lives. 

Medicine & Science in Sports & Exercis8!l S659 



Rationale. Overweight or obese individuals who were 
active and fit had morbidity and mortality rates that were at 
least as low. and in many instances much lower, than normal 
weight individuals who were sedentary. Perhaps the stron­
gest evidence supporting this conclusion comes from the 
reports by Lee et al. (18,19). These investigators followed a 
large cohort of men for an average of 8.5 yr. The strength of 
this study is that objective measurements were available for 
cardiorespiratory fitness and several measures of body hab­
itus, including BM!. percent body fat. fat mass, fat-free 
mass, and waist circumference. Furthermore. the study was 
large enough to allow for analyses in smokers and nonsmok­
ers. with exclusion for early mortality and with adjustment 
for several important potential confounders. In this report 
unfit men in the normal range of body habitus (BMI 19-25. 
percent body fat < 16.7%. or waist circumference < 87 cm) 
had more than a two-fold higher mortality risk than fit men 
in the highest category of body habitus (BMI ::::: 27.8. 
percent body fat::::: 25%. or waist circumference::::: 99 cm). 
This apparent protection of moderate to high cardiorespira­
tory fitness extends to men who clearly are obese (BMI > 
30) (2). 

3. Which is a more important predictor of mortality in 
individuals. overweight or obesity or inactivity and low 
fitness .! 

Evidence statement. Inactivity and low cardiorespi­
ratory fitness are as important as overweight or obesity as 
predictors of mortality. at least in men. 

Rationale. The question considered here relates to risk 
for individuals and not to the importance of either of these 
exposures as public health problems. It is clear that over­
weight and obesity are associated with increased risk of 
morbidity and mortality (25) and that an active way of life 
protects against morbidity and mortality (38). Because many 
studies on obesity and health have not adequately accounted 
for the possible confounJing effects of physical activity. the 
independent effects of these two exposures are unclear. It is 
tempting, based on the reports reviewed here from the 
ACLS (2.18,] 9), to conclude that low fitness is a more 
important predictor of mortality in individuals than over­
weight or obesity. because excess mortality risk is largely 
eliminated in overweight or obese men who are also fit. In 
our judgment. such a conclusion would be premature. Other 
reports reviewed here did not have the specific purpose of 
addressing this question, and there are limitations on some 
of the analyses that did not focus specifically on this issue. 
In addition. data from the ACLS are available only for men. 
and this cohort is from middle to upper socioeconomic 
strata, with few members of minority groups. This homo­
geneity is an advantage in relation to internal validity of the 
study but presents limitations for generalization. Replication 
of the studies reported from the ACLS is needed. 

Issues and limitations. All studies reviewed here are 
from Evidence Category C. It is unlikely that there will ever 
be randomized clinical trials to address specifically the 
questions posed in this report because of the required size. 
complexity. and cost. Thus. the best evidence we are ever 
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likely to have on this issue will come from prospective 
observational studies. 

Although the results reviewed here are remarkably con­
sistent for various endpoints. because different measures of 
habitual physical activity or fitness. different strata of body 
habitus. and different populations were used in the various 
studies, conclusions must remain tentative. Few studies in­
cluded women. and for some that did. the number of events 
was small. There are virtually no data available from mi­
nority groups. Health status or change in health status often 
was not considered or was inadequately addressed. although 
results are similar for studies that excluded unhealthy indi­
viduals at baseline and those that did not. Only reports from 
the ACLS had the specific purpose of addressing the ques­
tions considered in this review. While other reports had 
some data related to the issue. the lack of focus on the 
relevant question often led to incomplete analyses insofar as 
the present review is concerned. 

Crude measurements of self-reported physical activity are an 
important limitation of many of the studies. In some studies. 
physical activity appears not to have been a very important 
variable under consideration during the planning phase of the 
study. When only one or two very simple questions on habitual 
physical activity are included as part of the study measure­
ments. it seems reasonable to conclude that this was not a high 
priority item for the investigators. Under these conditions it is 
not realistic to expect that adequate and appropriate analyses 
can be performed with physical activity as an exposure. As an 
extreme example. suppose that an investigator wanted to ad­
dress question 3 that is posed in this report. Further suppose 
that in that study the investigator measured physical actIvity by 
the question "Are you physically active or not'!" and assessed 
body habitus by computed tomography scanning. One could 
hardly expect to find that inactivity is as important as body 
habiuls as a predictor of mortality in such a study. even if 
inactivity actually were more important. Therefore. one of the 
limitations to keep in mind when evaluating results from the 
studies reviewed here is the relative validity of the exposure 
measures used. 

Another of the major limitations of several of the current 
studies is that the upper body habitus stratum often began in 
the mild overweight range and may not have included many 
truly obese individuals. The conclusions presented here 
should not be extended to individuals with Class II or Class 
III obesity (BMI ::::: 35.0). 

Research recommendations. Additional research is 
needed to address the questions posed for this review. We 
recommend that the following types of studies be con­
ducted: 

I.	 Replicate prospective observational studies of the pre­
dictive validity of physical activity or cardiorespira­
tory fitness and body habitus for morbidity and mor­
tality in diverse population groups. It is especially 
important that studies be conducted in women. older 
persons. and minority groups. 

2.	 Prospective observational studies with other outcome 
measures need to be conducted. Overweight and obe­
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sity increase risk for functional limitations associated 
with aging and for knee osteoarthritis. It is not clear 
that regular physical activity might reduce these risks 
in overweight or obese persons. 

3.	 Improve the assessment of physical activity in pro­
spective observational studies of populations so that 
less misclassification occurs for this exposure. Ideally, 
objective measurements of activity by electronic mon­
itoring should be considered. 

4.	 Develop creative designs for randomized clinical trials 
to determine the independent and interactive effects of 
physical activity and body habitus on subclinical 
markers of chronic disease. Random assignment to 
activity interventions with blocking on strata of body 
habitus is one possible approach. Because controlled 
trials with morbidity and mortality as outcome mea­
sures are unlikely to be carried out in relation to the 
issues addressed in this review, investigators should 
incorporate more direct measures of disease processes 
in smaller. logistically-feasible clinical trials. Exam-
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