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ABSTRACT

WILLIAMS, P. T. Health effects resulting from exercise versus those from body fat loss.Med. Sci. Sports Exerc.,Vol. 33, No. 6, Suppl.,
2001, pp. S611–S621.Objective: The purpose of this review was to assess whether body weight confounds the relationships between
physical activity and its health benefits.Methods: The review includes 80 reports from population-based studies (Evidence Category
C) of physical activity or fitness and cardiovascular disease (CVD) or coronary heart disease (CHD).Results:Eleven of 64 reports on
activity found no relationship between physical activity and disease. Of the remaining 53 reports, 11 did not address the possible
confounding effects of body weight, nine cited reasons that weight differences should not explain their observed associations, and 33
statistically adjusted for weight (as required). Only three of these changed their associations from significant to nonsignificant when
adjusted. Ten of 16 reports on cardiorespiratory fitness and CHD or CVD used statistical adjustment, and none of these changed their
findings to nonsignificant. Population studies show that vigorously active individuals also have higher high-density lipoprotein
(HDL)-cholesterol concentration, a major risk factor for CHD and CVD, than sedentary individuals when statistically adjusted for
weight. In contrast, intervention studies, which relate dynamic changes in weight and HDL, suggest that adjustment for weight loss
largely eliminates the increase in HDL-cholesterol in sedentary men who begin exercising vigorously. Adjusting the cross-sectional
HDL-cholesterol differences for the dynamic effects of weight loss eliminates most of the HDL-cholesterol difference between active
and sedentary men.Conclusion: Population studies show that the lower incidence of CHD and CVD and higher HDL of fit, active
individuals are not because of lean, healthy individuals choosing to be active (i.e., self-selection bias). Nevertheless, metabolic
processed associated weight loss may be primarily responsible for the HDL differences between active and sedentary men, and possibly
also their differences in CHD and CVD.Key Words: CARDIORESPIRATORY FITNESS, PHYSICAL ACTIVITY, CHD RISK,
CARDIOVASCULAR DISEASE, PUBLIC HEALTH RECOMMENDATIONS, DOSE-RESPONSE, EXERCISE, EPIDEMIOL-
OGY, RELATIVE RISK, HDL-CHOLESTEROL, TRIGLYCERIDES, LIPOPROTEINS

The effectiveness of physical activity to reduce obesity
and improve dyslipoproteinemias, insulin action and
glucose tolerance, hypertension, and thrombotic pro-

files has been recently reviewed (21,42,82,110). This article
focuses on the statistical treatment of adiposity in popula-
tion studies of physical activity and health outcomes.

Physical inactivity and obesity are associated with many
of the same health outcomes, including higher total mortal-
ity (97,120), cardiovascular disease (CVD) and coronary
heart disease (CHD) morbidity and mortality (79,120),
stroke (120,122), colon cancer (79,120), type 2 diabetes and
insulin resistance (79,120), hypertension (79,120), low
plasma high-density lipoprotein (HDL)-cholesterol and el-
evated plasma triglyceride concentrations (79,120), and pre-
ponderance of small, dense low-density lipoprotein (LDL)
particles (79,137). An inverse relationship between physical
activity and adiposity is evident for vigorous leisure-time
activity (43,120) and is frequently observed for total activity
(57,84) or leisure-time activities of mixed intensities (the

association with occupational activity is less consistent)
(34,86,89). Because physical activity has been proven to
produce losses of both total weight and body fat
(113,139,140), body fat potentially confounds the relation-
ships between physical activity and its health outcomes.

Confounding effects (such as body weight) are tradition-
ally eliminated by including the variable as a covariate in the
statistical data analysis. In this review, it is shown that
traditional statistical adjustment for body weight has little
effect on the relationships of physical activity to CVD,
CHD, or plasma lipoprotein levels in population studies.
This is in contrast to intervention studies that suggest that
the metabolic processes associated with adiposity are piv-
otal to the high HDL-cholesterol in runners. The discrep-
ancy arises because the traditional approach assumes that
the confounding effects of leanness are attributable to the
static process of self-selection rather than the dynamic pro-
cess of weight loss.

POPULATION STUDIES OF CVD AND CHD

Tables 1 and 2 summarize the treatment of weight in
population studies relating physical activity and cardiore-
spiratory fitness to CHD and CVD. They include articles
cited in Tables 4.1 and 4.2 of the Surgeon General’s report
(120), 13 additional articles cited in a recent meta-analysis
of the dose-response relationship between CVD and physical
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TABLE 1. Population-based studies of the association of physical activity with CVD or CHD.

Study Adjustment for Adiposity

Canadian Health Survey 7-yr follow-up study in men and
women (2)

No dose-response relationship between CVD and leisure-time physical activity. Relative risks adjusted for BMI,
sex, age, and smoking (2).

Zutphen Elderly Study 10-yr follow-up of 802 middle-aged
Dutch men (5)

Significant linear trend for reduced risk of CVD mortality with increasing leisure-time physical activity.
Adjustment for BMI did not affect the strength of the association. BMI was not different across physical
activity tertiles (5).

Israeli 15-yr follow-up of 5288 men and 5229 women
living in collective settlements (10)

The risk of primary myocardial infarction was 60% less in nonsedentary than in sedentary male workers.
Nonsedentary workers leaner, but no adjustment for adiposity (10).

Evans County 7.25-yr follow-up of white male farmers and
nonfarmers (11)

Farmers had 51% lower CHD incidence than nonfarmers, and since they were heavier for their height than
nonfarmers, leanness is unlikely to explain the farmers’ lower risk (11).

German 11-yr follow-up of 1904 vegetarians (12) Compared to low activity vegetarians, more active vegetarians had fatal CVD risk that was 50% lower. BMI
unrelated to CVD risk and not used as covariate (12).

British 8.5-yr follow-up of 3591 male civil servants (13) Men who exercised vigorously during leisure time had significantly fewer CHD deaths. No adjustment for
adiposity (13).

Honolulu Heart Program 12-yr follow-up of 7644
Japanese-American men (15)

Men in the upper tertile of total activity (occupational plus leisure-time) had significantly lower CHD risk than
bottom tertile, adjustment for BMI had little effect on risk reduction (15).

Israeli Ischemic Heart Disease Study 21-yr follow-up of
8463 men (16)

Leisure-time physical activity associated with a 21% reduction in CHD mortality when adjusted for potentially
confounding effects (Quetelet index not selected as a significant covariate) (16).

Atherosclerosis Risk in Communities Study 4- to 7-yr
follow-up of 6188 men and 7852 women (23)

A 1-SD increase in the leisure-time physical activity index produced a statistically significant 22% reduction in
the age, race, and center adjusted relative risk for CHD, which became nonsignificant when adjusted for
regional adiposity and other potential confounding effects (23).

Puerto Rico Heart Health Program 8.25-yr follow-up of
5802 urban and 2419 rural men (25)

Inverse dose-response relationship between CHD incidence and physical activity index (occupational plus
leisure-time) when adjusted for BMI in rural (P 5 0.04) and urban samples (P 5 0.02) (25).

Finnish 10.8-yr follow-up of 1072 men (26) Men who expended at least 2100 kcal z wk21 had 72% reduction in CVD mortality compared with men
expending under 800 kcal z wk21. BMI not found to confound relationship (26).

Finnish 10-yr follow-up of 842 men and 953 women in
three northern municipalities (27)

In men, the CHD risk reduction for high vs low energy expenditure was significant both before (relative risk 5
0.51) and after adjustment for BMI (relative risk 5 0.52). High vs low energy expenditure unrelated to
CHD risk in women, regardless of whether the data were adjusted (27).

Copenhagen Male Study 17-yr follow-up of 4859 men (31) Least active men have 70% increased risk of ischemic heart disease as those who are more active. No
adjustment for adiposity (31).

Primary Prevention Study 11.8-yr follow-up of 7395 men
in Göteborg, Sweden (34)

No dose-response relationship with leisure-time physical activity. BMI not used among covariates (unclear if
excluded for nonsignificance or other reason) (34).

Male postal workers (N 5 1664) employed between 1906
and 1940 and followed through December 1961 (35)

64% lower risk of fatal CHD in carriers than clerks. Only 0.5-lb difference between carriers and clerks, thus
difference in adiposity unlikely to explain risk reduction (35).

Framingham Study 14-yr follow-up of 1909 men and 2311
women (36)

Significant (one-sided) inverse association with ischemic heart disease mortality in men. No adjustment for
adiposity (36).

Framingham Study 24-yr follow-up of 1166 men (37) Inverse associations of fatal and total CHD and CVD with total physical activity index (occupational plus
leisure-time) significant both before and after adjustment for relative weight (37).

Alameda County Study 28-yr follow-up of 6131 adults (38) A one-interquartile-range difference in the leisure-time physical activity score was associated with significant
reduction in the relative risk for CVD before (relative risk 5 0.82) and after (relative risk 5 0.85) adjustment
for BMI and other covariates (38).

Finnish 19-yr follow-up of 8177 twins (39) Compared with sedentary men, the age-adjusted CHD risk was reduced by 23% for occasional exercisers and
48% for conditioning exercisers (P 5 0.0001 for trend). The corresponding values when adjusted for BMI,
smoking, hypertension, and diabetes were 16% and 32% (39).

Postmenopausal Iowa women (N 5 32,763) who were
followed for 4 yr (44)

When adjusted for current BMI, BMI at age 18, and other covariates, the relative risk for CVD mortality
decreased significantly as physical activity increased (relative risk from lowest to highest activity: 1.0, 0.86,
0.55; P 5 0.002) (44).

HMO members (N 5 615 men and 1030 women) $ 65 yr
old followed for 4.2 yr (45)

Adjustment for BMI only slightly diminished the risk reduction associated with walking .4 hr compared with
under 1 hr (45).

Kuopio Ischemic Heart Disease Risk Factor Study 4.9-yr
follow-up of 1166 men (46)

Adjustment for BMI had minor impact on the relative risk of myocardial infarction in the highest vs lowest
third of physical activity (relative risk went from 0.31 to 0.34, both significant) (46).

Gothenburg Study 12-yr follow-up of 1424 women (47) Incidence of myocardial infarction greater in women reporting low leisure-time physical activity than in other
women. No adjustment for adiposity (47).

Multiple Risk Factor Intervention Trial 7-yr follow-up of
12,138 men (51)

Significantly lower risk for lowest vs second and third tertiles of leisure-time physical activity. BMI not used
for adjustment; however, mean BMI identical across activity tertiles (51).

Multiple Risk Factor Intervention Trial 10.5-yr follow-up of
12,138 middle-aged men (52)

Compared with the lowest tertile of physical activity, the second tertile had 22% and 27% lower CVD and CHD
mortality rates (P , 0.05). Corresponding reductions in the third tertile (21% and 16%, respectively) not
significantly different from first tertile. Mean BMI identical across tertiles of leisure-time physical activity;
not used as covariate in proportional hazards models (52).

Multiple Risk Factor Intervention Trial 16-yr follow-up of
12,138 middle-aged men (53)

Adjustment for BMI and other potential covariates slightly diminished the reduction in CHD risk associated
with increased levels of leisure time physical activity (age-adjusted risk ratios went from 1.0, 0.71, 0.75,
0.69 to 1.0, 0.75, 0.81, 0.75) for the 1st, 2nd–4th, 5th–7th, and 8th–10th deciles, respectively; however, all
but the 5th–7th remained significant after adjustment for BMI and other covariates (53).

Adventist Mortality Study 26-yr follow-up of 9484 men
(57)

CVD risk greater in men reporting no or slight exercise during work or play compared with more active men,
which persists when adjusted for BMI and other covariates (57).

Gothenburg Study 20-yr follow-up of 1405 women (58) No significant reduction for risk of fatal myocardial infarction (age-adjusted relative risk 0.41 changed to 0.36
with additional adjustments for waist/hip ratio and other covariates) (58).

Finnish 8.9-yr follow-up of 8869 men and 9.2-yr follow-up
of 10,105 women (59)

Physical inactivity (,2–3 times z mo21) associated with significantly higher cardiovascular mortality in women
(P , 0.01) but not men (P 5 0.28) when adjusted for BMI and other covariates (59).

Nurse’s Health Study 7.7-yr follow-up of 72,488 women
(60)

The trend for a lower risk for CHD going from the least to most physical active quintiles (1.0, 0.77, 0.65,
0.54, 0.46; P , 0.001 for trend) was only slightly weakened by adjustment for BMI (1, 0.88, 0.81, 0.74,
0.61; P 5 0.002) (60).

Italian 5-yr follow-up of 99,029 male railroad employees
(63)

Men who expended . 3000 kcal z d21 at work had significantly less risk of fatal myocardial infarction than
men with less strenuous jobs (P , 0.001). No adjustment for adiposity (63).

German Cardiovascular Prevention Study involving 6658
and 7993 person-years of experience for males and
females, respectively (64)

When adjusted for BMI, men who had engaged in high activity had lower relative risk for CVD than those who
did not (64).

S612 Official Journal of the American College of Sports Medicine http://www.acsm-msse.org



activity (125), and additional articles identified through elec-
tronic literature search. Rather than directly measuring the
body fat, an index of weight adjusted for height was used in
these studies.

Eleven of the 64 articles listed in Table 1 found no
relationship between physical activity and disease, and 53
found at least some significant relationship. Among the
latter, 11 reported no adjustment for weight, nine cited

TABLE 1. Continued

Study Adjustment for Adiposity

Male drivers and conductors of London Transport Executive
(65)

Risk of first coronary episode 30% lower in conductors than drivers. No adjustment for
adiposity (65).

London 5-yr follow-up of 667 bus drivers and conductors (67) Conductors have 47% lower risk for ischemic heart disease than drivers. Skinfold thickness
does not appear to explain the association (67).

British 8.5-yr-follow-up of 17,944 male civil servants (68) Compared with men who reported no vigorous activity during leisure time, those who
exercised vigorously had 55% lower incidence of coronary heart disease. When stratified
for weight, the risks were 0.46 for BMI # 23; 0.43 for 23 , BMI # 25; and 0.64 for
25 , BMI # 28 (68).

British 9.34-yr follow-up of 9376 male civil servants (69) CHD inversely related to frequency of vigorous aerobic activity, significant both before
(P , 0.005) and after (P , 0.025) adjustment for BMI and other covariates (69).

Longshoremen (N 5 6351) followed for 22 yr (72) Risk of fatal heart attack 44% lower in high-energy compared with the low-energy
occupational category. Significance persists when adjusted for BMI and other risk factors
(72).

Longshoremen (N 5 3686) followed for 22 yr (73) Risk of fatal heart attack 37% lower in high-energy compared with the low-energy
occupational category. BMI only weakly related to risk (73).

Harvard Alumni Study 6.9-yr follow-up 16,936 men (74) The RR for heart attack was 0.65 for men who expended . 2000 kcal z wk21 at walking,
stair climbing, and sports play compared with other men. Significant when adjusted for
BMI. The risk reduction was similar for men with higher (relative risk 5 0.75) and lower
BMI (relative risk 5 0.60) (74).

Harvard Alumni Study 12.62-yr follow-up of 16,936 men (75) Inverse dose-response relationship between CHD and physical activity when stratified by
BMI (P , 0.001). Increased risk associated with ,2000 kcal z wk21 when BMI used as a
covariate (P , 0.001) (75).

Harvard Alumni Study 8.8-yr follow-up of 10,269 men (76) Men who climbed fewer than 20 flights of stairs per week and did not engage in moderately
vigorous activity were at 56% and 51% greater risk for fatal CHD than men who climbed
more stairs or engaged in moderately vigorous activity when adjusted for age, smoking,
BMI . 26, and family history (76).

Finnish 20-yr follow-up of 636 men (78) Men who worked hard in their occupation and also walked, cycled, or skied cross-country had
lower CHD mortality than less active men (R.R. 5 0.71, P 5 0.11), which was weakened
slightly when adjusted for BMI and other risk factors (R.R. 5 0.77, P 5 0.13) (78).

Iowa study of occupation listed on 61,922 death certificates
(80)

Significantly lower standardized mortality ratios for ischemic heart disease in farmers than all
Iowa men. Probably not because of adiposity, since farmers heavier than townsmen (80).

Iowa women drivers (32,898) followed for 4.3 yr (81) Leisure-time physical activity unrelated to age-adjusted risk of fatal myocardial infarction (81).
Honolulu Heart Program 23-yr follow-up of 7074 Japanese men

(84)
Adjustment for BMI increased the relative risk of CHD in the highest tertile of physical

activity from 0.83 (95% confidence interval; 0.70–0.99) to 0.89 (0.75–1.06) (84).
Göteborg Primary Prevention Study 20-yr follow-up of 7142

men (85)
Adjustment for BMI and other potential confounders reduced the relative risk of CHD

mortality in the two most active groups from 0.55 to 0.72 when compared with the
sedentary group, but did not eliminate the significance of the risk reduction (85).

Federal employee 3-yr follow-up study of 1741 men (86) Total activity unrelated to CHD when adjusted for other risk factors (not including BMI) (86).
Finnish study of approximately 7-yr follow-up 3978 men and

3688 women (89)
Adjustment for BMI and other risk factors eliminated the significant associations between

age-adjustment leisure-time physical activity and acute myocardial infarction in both men
and women, and the significant association between leisure-time physical activity and
fatal ischemic heart disease in men (89).

Finnish 6-yr follow-up of 15,088 men and women (90) Age-adjusted leisure-time physical activity inversely related to fatal ischemic heart disease,
but not when adjusted for various covariates (BMI not included). Excess risk of fatal
ischemic heart disease in men with low leisure-time physical activity was marginally
greater in obese men than in nonobese men (90).

Northern and Central Italian 25-yr follow-up study of 1712 men
(96)

The relative risk for CHD mortality was 0.81 for strenuous workers compared with
sedentary workers (P , 0.01). No adjustment for adiposity (96).

University of Pennsylvania 22.4-yr follow-up of 1564 female
alumnae (99)

The age-adjusted relative risks for CVD were 1.0, 0.99 and 0.86 for ,500, 500–999, and
$1000 kcal z wk21 from stairs climbed, blocks walked, and sports played (P 5 0.37 for
trend). When adjusted for BMI and other covariates, the corresponding values were 1.0,
0.99, and 0.86 (P 5 0.45) (99).

Harvard Alumni Study 13.3-yr follow-up of 12,516 men (100) Compared with men who expended under 2100 kJ z wk21 at climbing steps, blocks walked,
and sports, the age-adjusted risks for CHD was reduced by 15%, 25%, 27%, and 27%
(P , 0.001 for trend) for 2100–4199, 4200–8399, and 8400–1599 kJ z wk21. The
corresponding risk reductions were 10%, 19%, 20%, and 19% when further adjusted for
BMI and other covariates (100).

British Regional Heart Study 8-yr follow-up of 5714 men (101) When adjusted for BMI, there was a strong inverse association between heart attacks and
physical activity (101).

Framingham Study 16-yr follow-up of 1404 women (103) No dose-response relationship with physical activity index (occupational plus leisure-time).
Metropolitan ideal weight used as covariate in proportional hazards regression mode (103).

U.S. Railroad Study 17- to 20-yr follow-up of 2562 men (105) Significantly lower CHD risk associated with any light to moderate activity or any intense
leisure-time physical activity. BMI not used as covariate because it showed no
relationship to CHD mortality (105).

Belgian Physical Fitness Study 5-yr follow-up of 2106 men
(106)

Both occupational and leisure-time physical activity unrelated to ischemic heart disease. No
adjustment for adiposity (106).

Nurses Health Study 14-yr follow-up of 84,129 women (109) The age-related relative risks for CVD were 1.0, 0.87, 0.84, 0.74, and 0.71 for ,1, 1–2.2,
2.3–3.5, 3.6–5.5 and .5.5 hr z wk21 of moderate to vigorous activity. Exercising .5.5 hr
significantly lower risk compared with ,1. BMI significantly related to CVD risk but not
selected as covariate (109).
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reasons that weight differences should not explain the ob-
served association (the active group is not leaner than the
sedentary group, weight is unrelated to CHD or CVD, or the
association persists when the observations are stratified by
weight), and 33 present findings adjusted for weight (if
necessary, i.e., also included are those studies that did not
select weight as a required covariate in a stepwise selection
process). Only three of these 33 articles found that adjust-
ment for weight changed the associations between physical
activity and disease from significant to nonsignificant.

The 16 reports of cardiorespiratory fitness all reported at
least some significant association of fitness with CHD or
CVD (Table 2). Five of these did not adjust for weight and
one argued that weight adjustment was unnecessary because
weight was unrelated to fitness. None of the remaining 10
reports changed the significance of their findings when they
adjusted for body weight.

These studies suggest that statistical adjustments for body
weight had little impact on the associations of physical
activity or cardiorespiratory fitness with CVD or CHD. We
cannot exclude the possibility that the published articles
represent a biased sample of studies. It is possible that the
articles that adjusted away the association between physical
activity and disease were less likely to be submitted or
accepted for publication, or that adjusted results were not
reported when they eliminated significant findings. How-
ever, the articles that omitted weight adjustment tended to
have earlier publication dates and to have studied occupa-
tions. It is likely that multivariate statistics were less acces-
sible for early publications and that occupational studies
may have lacked data on body weight.

POPULATION STUDIES OF PLASMA HDL
AND OTHER LIPOPROTEINS

Although the mechanisms for protective effects of exer-
cise are not well understood, it is probable that the creation
of more favorable plasma lipoprotein profiles are partly
involved. Low CHD risk is associated with higher concen-
tration of HDLs, particularly the HDL2b subfraction, and
lower concentrations of LDLs, triglycerides, and small
dense LDL particles (3,33). The reduction in risk may

accrue from both the atherogenic and thrombotic properties
of these lipoproteins (87).

Numerous population studies show higher HDL-
cholesterol concentrations in vigorously active men and
women compared with their sedentary counterparts
(1,3,14,28–30,50,55,61,62,70,71,83,93–95,108,114–116,
118,133,138). Most purport that the relationship between
physical activity and plasma HDL concentrations is not
attributable to body fat because: 1) the difference persists
when adjusted for weight by ANCOVA (29,30,133); 2)
long-distance runners have significantly higher HDL-cho-
lesterol levels than naturally lean, sedentary men (55,71,95);
and 3) HDL-cholesterol and adiposity levels are only
weakly correlated within the sample of runners or sedentary
men (1,62,138). Two large studies have recently docu-
mented the relationship of HDL-cholesterol to exercise
amount (43,130). HDL-cholesterol was associated with a
0.005 mmol·L-1 increase per kilometer run in 2906 students
and employees of the National Defense University (43).
Physician-supplied medical records for men who partici-
pated in the National Runners’ Health Study showed that
each 16-km incremental increase in weekly running distance
between 0 and 80 km·wk-1 was associated with a significant
increase in HDL-cholesterol (130). Figure 1 shows that
adjustment for BMI by ANCOVA accounted for only 25%
of the HDL-cholesterol difference between runners who ran
under 16 km·wk-1 and those that exceeded 80 km·wk-1.

INTERVENTION STUDIES

In contrast to population (cross-sectional) studies, inter-
vention studies show that runners’ changes in HDL-choles-
terol are strongly dependent on loss of weight. In one study,
Wood et al. assigned men at random to vigorous exercise
(primarily running,N 5 48) or to control (N 5 33) over a
1-yr period (132,134,139). Within the exercise group,
changes in HDL-cholesterol were significantly correlated
with weekly running distance (r5 0.44), changes in total
body mass (r5 20.53), and changes in percent body fat (r
5 20.47). Forty-six percent of the variance of the runners’
HDL-cholesterol changes were accounted for by changes in
body composition and running distance. However, when

TABLE 1. Continued

Study Adjustment for Adiposity

Norwegian 14.6-yr follow-up study of 25,058 middle-aged
men and 24,535 women (111)

Unadjusted relative risk for coronary deaths unrelated to leisure-time physical activity (111).

Two-yr follow-up of 191,609 male railroad employees
(112)

Death rate for arteriosclerotic heart disease in the section men (the most active occupational group) was 51%
lower than in clerks and 28% lower than switchmen. No adjustment for adiposity (112).

Scottish Heart Health Cohort Study of 5754 men and 5875
women who were followed for 7.6 yr (119)

Hazard ratio for CHD increased significantly with increasing levels of inactivity at work in men and women and
during leisure in men. No adjustment for weight (119).

British Regional Heart Study 3-yr follow-up of 4311 men
(121)

CVD mortality lower in moderately active (risk ratio 5 0.26) and vigorously active (risk ratio 5 0.43) men
compared with inactive men. When adjusted for BMI and other covariates, risk ratios continue to be
significantly less than 1 for moderate but not vigorous activity (121).

Canadian Survey Fitness cohort 7-yr follow-up of 6620
women (123)

Physical activity significantly associated with CVD, no adjustment for BMI reported (123).

Gothenburg 8-yr follow-up study of 775 men born in
1913, and Primary Prevention Trial 2.5- to 5.5-yr
follow-up of 8125 men in Göteborg (124)

No significant relationships between leisure-time physical activity and myocardial infarctions when adjusted for
covariates (adiposity not included among covariates) (124).

Honolulu Heart Program 10-yr follow-up of 7705
Japanese-American men (141)

Men who developed CHD were significantly less physically active and heavier than those without disease at
baseline. Total physical activity inversely related to CHD risk when adjusted for BMI and other potential
confounders (141).
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adjusted for changes in body composition, the runners’
changes in HDL-cholesterol were no longer significantly
related to weekly running distance (132).

A second study by this group compared the lipoprotein
changes of men who dieted (N 5 42), or exercised vig-
orously (primarily running,N 5 47) to nondieting sed-
entary controls (N 5 42) (135,140). All were sedentary
and moderately overweight at baseline. During the 1-yr
trial, the exercisers ran (mean6 SD) 18.9 6 13.1
km·wk-1 and lost 4.06 3.9 kg of body weight, whereas
the controls’ weights remained stable (mean gain of 0.6
6 3.7 kg). Compared with mean changes in controls, the
exercisers significantly increased their HDL-cholesterol
levels (difference6 SE, 0.136 0.03 mmol·L-1 or 5.056
1.17 mg·dL-1), but this difference was eliminated by
adjustment for changes in BMI (0.046 0.04 mmol·L-1 or
1.466 1.44 mg·dL-1). Within the exercise group, changes
in HDL-cholesterol during the 1-yr study were correlated
with running distances (r5 0.45) and changes in BMI (r
5 20.58). Changes in HDL-cholesterol were no longer
significantly correlated with running distance when ad-
justed for changes in BMI, whereas changes in BMI
remained significantly correlated with the exercisers’

changes in HDL-cholesterol (r5 20.39) when adjusted
for weekly running distance.

In another study, Thompson et al. showed that weight
loss was not required to achieve modest increases in
HDL-cholesterol with exercise. They trained 17 seden-
tary men 4 hr·wk-1 while keeping both body weight and
percent body fat constant over 1 yr by overfeeding (117).
By the end of the study, HDL-cholesterol had increased
by 0.1 mmol·L-1 (3.8 mg·dL-1), caused primarily by a
33% increase (0.06 mmol·L-1 or 2.3 mg·dL-1) in HDL2.
However, the maintenance of body weight through over-
feeding does not reflect the usual condition of men who
exercise vigorously. Significant loss of total weight and
percent body fat occurs usually within the first 6 months
of training. The contribution of weight loss to lipoprotein
levels in these 17 men was investigated through further
experimentation by Thompson and colleagues (113). On
completion of the 1-yr weight stable phase; the 17 men
were assigned at random to either a weight stable group
(i.e., continuing the previous year’s protocol) or a weight
loss group. The lipoprotein changes in the weight stable
group were not sustained by 18 months, i.e., HDL-cho-
lesterol decreased 0.05 mmol·L-1 (2.0 mg·dL-1) and

TABLE 2. Population-based studies of the association of cardiorespiratory fitness with CVD or CHD.

Study Adjustment for Adiposity

Canadian Health Survey 7-yr follow-up
study in men and women (2)

Subjects who did not pass or who were ineligible for the Canadian home fitness test had significantly higher risk for CVD
mortality than those that passed when adjusted for BMI, sex, age, and smoking (2).

Aerobic Center Longitudinal Study 8.32-yr
follow-up of 10,224 men and 8.15-yr
follow-up of 3120 women (6)

Longer treadmill test duration predicted significantly lower risk of CVD mortality in men. BMI $ 26.9 unrelated to all-cause
mortality. Adjustment for BMI and other covariates did not eliminate the association between fitness and all-cause mortality
(effects of adjustment not reported for cardiovascular mortality) (6).

Aerobic Center Longitudinal Study of 5.1-
yr follow-up of 9777 men having two
fitness measurements 4.9 yr apart (7)

Rates of CVD mortality were highest in men who were unfit at two visits (i.e., lowest quintile for treadmill test duration),
intermediate in men who were fit at only one visit, and lowest in men who were fit at both visits. These differences were
significant when adjusted for BMI and other covariates (7). (See caveat in 131.)

The relative risk of CVD for fitness . 20th sample percentile was 0.37 for men (0.59 when adjusted for BMI and other
covariates) and 0.36 for women (0.41 when adjusted) (both significant) (8).

Aerobics Center Longitudinal Study 8.4-yr
follow-up of 25,341 men and 7.5-yr
follow-up of 7080 women (8)

Seattle Heart Watch study 5.6-yr follow-up Activity unrelated to CHD risk; however, a treadmill test duration of 6 min or less was associated with 12-fold increase in risk.
of 2365 men (9) Risk adjusted for age and BMI not reported (9).

Lipid Research Clinics Mortality Follow-up
Study 8.5-yr follow-up of 3106 men
(17)

Compared with the most fit men (defined by submaximal heart rate during a treadmill test), the least fit had 8.5 times higher
rate of CHD and 6.5 times higher risk of CVD. Quetelet index unrelated to fitness and not included among covariates in
multivariate adjustment (17).

Norwegian 9- to 11-yr follow-up of 1832
middle-aged men (18)

Risk of CHD deaths greatest for the lowest fitness quartile (i.e., cumulative work performed on a bicycle ergometer divided by
body weight). No statistical test for trend, and no adjustment for adiposity (18).

Norwegian 12-yr follow-up of 1428
middle-aged men (19)

When adjusted for BMI and other covariates, the relative risks by quartile of fitness were 1.0, 0.66, 0.50 (P , 0.05), and 0.47
(P , 0.05) (19).

Aerobics Center Longitudinal Study 8.4-yr
follow-up of 25,341 men (20)

When adjusted for age, fatal CVD rates decreased with increasing levels of fitness in men having a BMI , 27 kg z m22 (14.5,
9.6, and 6.7 deaths per 10,000 man-years, P 5 0.001), but not in those having a higher BMI (17.9, 10.6, and 9.5 deaths
per 10,000 man-years, P 5 0.24) (20).

Copenhagen Male Study 17-yr follow-up of
4999 men (31)

Among men who did a minimum of light physical activity for 4 h z wk21, survivors had higher baseline fitness (indirect
estimates of VȮ2max on cycle ergometers) than men who died from ischemic heart disease. BMI inversely related to
cardiorespiratory fitness (P , 0.001) but not used in adjustment (31).

Kuopio Ischemic Heart Disease Risk Factor
Study 4.9-yr follow-up of 1166 men
(46)

Adjustment for BMI had minor impact on the relative risk of myocardial infarction in the highest vs lowest third of physical
fitness (relative risk 5 0.26–0.35). Significant both before and after adjustment (46).

Norwegian 7-yr follow-up of 2014 middle-
aged men (56)

Risk of CHD deaths greatest for the lowest fitness quartile (difference among fitness quartiles, P , 0.001). No adjustment for
adiposity (56).

4.8-yr follow-up of 2,779 Firemen and
police men (77)

Men who were above the median fitness (highest work load sustained for 5 min on cycle ergometer) had 55% lower risk for
systematic myocardial infarction. Significant when adjusted for other covariates (lean body mass not selected among
covariates in stepwise procedure) (77).

Norwegian 15.9-yr follow-up of 1960
middle-aged men (91)

The highest fitness quartile (i.e., differences between observed and expected work capacity according to body weight) had
70% lower CVD risk than the least fit quartile (P , 0.001), which was decreased to 59% (P 5 0.01) when adjusted for BMI
and other risk factors (91).

U.S. Railroad Study 20-yr follow-up of
2431 men (104)

Men with lower exercise heart rates had lower death rates from CVD and CHD. BMI not included in proportional hazards
regression analysis (104).

Belgian Physical Fitness Study 5-yr follow-
up of 2109 men (106)

Interpolated physical working capacities per kilogram body weight was inversely related to ischemic heart disease both before
and after adjustment for BMI and other risk factors. Mean BMI identical in men with and without ischemic events (106).
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HDL2-cholesterol decreased 0.03 mmol·L-1 (1.3 mg·dL-1). The
weight loss group lost 9.4 kg, resulting in additional increases
of 0.8 mmol·L-1 (3.3 mg·dL-1) in HDL-cholesterol and 0.11
mmolzL-1 (4.3 mgzdL-1) in HDL2-cholesterol concentrations.
This suggests that at the end of the 18-month period, weight
loss accounted for most of the increases in plasma HDL-
cholesterol (75%) and HDL2 (85%) from baseline.

These results suggest that the increases in HDL in sed-
entary men who begin exercising vigorously arise primarily
from processes associated with weight loss. They agree with
observations by Katzel et al. and Sopko et al. showing only
small changes in HDL-cholesterol in the absence of weight
change (40,107), and with the observations by Leon et al.
that training-induced changes in HDL-cholesterol are re-
lated to changes in percent body fat but not V˙ O2max (51).

Previously obese runners. If HDL-cholesterol levels
in runners are principally related to historical weight loss
rather than current adiposity levels, then previously obese
runners would be expected to have higher HDL-choles-
terol than runners who were always lean. In one study, we
found that HDL-cholesterol concentrations were unre-
lated to training level or running performance, but
strongly related to the difference between the runners’
greatest and current BMI. HDL-cholesterol levels were
increased 3.0 mg·dL-1 for every kilogram per square

meter below greatest weight. This association largely
reflected the elevated HDL-cholesterol levels of five men
who lost more than 6 kg·m-2 since their greatest weight
(126). The association between weight history and li-
poprotein concentrations was also examined in the Na-
tional Runners’ Health Study (129). Current HDL-cho-
lesterol levels were greatest in those runners with the
greatest weight loss since their maximum lifetime weight,
as well as the runners with the greatest reductions in
circumference of their waist, hip, and chest since their
maximum weight. These results remained significant
when adjusted for current BMI and running mileage.

The trouble with statistics. The intervention studies
suggest a prominent role for the metabolic processes asso-
ciated with weight loss in the etiology of the runners’
lipoprotein profiles. Thus, it would be misguided to dismiss
the importance of these processes simply because the HDL
differences in population studies persist when statistically
adjusted for BMI. It may also be misguided to dismiss the
importance of weight loss in lowering CHD and CVD risk
among active individuals. However, there are no interven-
tion studies having CHD or CVD as endpoints to provide
guidance on this issue.

There are the obvious limitations to statistical adjustment
for BMI in population studies. The adjustment for indices of
weight for height (including BMI) are valid only to the
extent that these measures reflect the biologically relevant
parameters of body fat. Measurement error associated with
BMI may also reduce its effectiveness of the covariate.
Some reports cite evidence of interactions between fitness
and weight and between activity and weight in their rela-
tionship to disease that is contrary to the statistical models
(48,69). However, a more fundamental issue concerns the
meaning of statistical adjustment and the assumptions made
in its calculation. As traditionally applied, the adjustment
uses the cross-sectional relationships between weight and
the health outcomes. It therefore invokes a frame of refer-
ence of a population that is static in time. This is appropriate
if the leanness of physically active individuals is because of
self-selection, i.e., if lean individuals take up sports and lead
more physically active lives than overweight men and
women. For example, it is apropos to conduct comparisons
of bus drivers and conductors, since London bus drivers are
heavier when hired than conductors (66). As applied to
Tables 1 and 2, the statistical adjustments suggest that CHD,
CVD, and lipoprotein differences between active and inac-
tive men are not simply the consequence of lean and healthy
subjects choosing to be active whereas overweight un-
healthy subjects lead sedentary lives (i.e., they rule out the
effects of self-selection).

A separate issue is whether the metabolic processes
associated with weight loss produce the high HDL-cho-
lesterol levels of runners. For this, the static model re-
quires justification. Vigorous physical activity causes loss of
weight and body fat (138–140). Higher mileage runners are
leaner because they have lost more weight or avoided weight
gain. Although lean individuals may be more likely to take up
running as a sport (self-selection), the leanness of runners is

FIGURE 1—Distribution of mean plasma HDL-cholesterol concentra-
tions by reported weekly distance run in 7059 male runners (130).
Upper panel: Solid barsshow the effects of adjustment by traditional
analysis of variance, which uses the cross-sectional relationship be-
tween BMI and HDL-cholesterol to adjust for weight differences be-
tween distance groups. Bottom panel:Solid barsshow the effects of
using the coefficient relating weight loss to HDL-cholesterol changes
(4.28 mg·dL-1 per unit decrease in BMI) (126) to adjust for weight
differences between distance groups.
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also caused in large measure by weight loss as a consequence
of running. The validity of using weight as a covariate in
ANCOVA, logistic regression, or survival analysis depends
critically on whether the cross-sectional relationship between
weight and health outcomes can be used to estimate the dy-
namic effects of weight loss on these health outcomes.

This critical assumption has been shown to be invalid
for plasma HDL-cholesterol concentrations. We have
found that initially sedentary men who began running
were able to increase their HDL cholesterol by 0.11
mmol·L-1 (4.28 mg·dL-1) for each unit decrease in BMI
over the 1-yr study (135). This change in HDL-choles-
terol is fivefold greater than the cross-sectional data
implied at baseline (0.02 mmol·L-1 or 0.78 mg·dL-1 in-
crease per unit decrease in BMI) or at the end of the 1-yr
study (0.01 mmol·L-1 or 0.57 mg·dL-1 increase per unit
decrease in BMI). This suggests that standard epidemio-
logical methods for adjusting for weight are likely to
seriously underestimate the confounding effects of
weight loss.

Studies carried out by our group suggest that expected
HDL-cholesterol for a given weight depends in part on
whether the current weight is relatively high or low
within the historical range of weights experienced by the
individual. Williams compared the cross-sectional HDL
levels of runners with their current weights (as tradition-
ally used for adjustment) and their weight loss since they
began running 1 yr ago (127). In all cases, current BMI
showed little relationship to current HDL levels, which is
consistent with the conclusions of most population stud-
ies. However, there was a strong relationship between
previous weight loss since starting to run and current
HDL levels. Thus, the actual relationship depends on past
weight history in addition to current weight
(126,127,136). Runner A could be heavier than runner B
but have higher HDL-cholesterol than B if A had lost
more weight than person B. This supposes a frame of
reference within each person, a frame of reference also
invoked when postulating the existence of a weight set
point (126,127).

Reassessing statistical adjustment. ANCOVA
uses the following method of correction. To correct for differ-
ences in BMI, the mean differences in BMI between runners
and nonrunners is multiplied by the expected change in HDL
per unit difference in BMI. This value is then subtracted from
the mean difference in HDL-cholesterol to get the corrected
mean difference, i.e., (average HDL-cholesterol difference)2
b 3 (average BMI difference), whereb is the expected HDL
difference per unit difference in BMI. ANCOVA uses the
cross-sectional (static) relationship between HDL-cholesterol
and BMI to estimateb. For example, we have reported that
average HDL-cholesterol concentrations were 0.39 mmol·L-1

(15.33 mg·dL-1) higher in runners than sedentary men and that
the runners were also 2.48 kg·m-2 leaner (133). Cross-section-
ally, we found that HDL-cholesterol was 0.03 mmol·L-1 (1.065
mg·dL-1) higher for each unit decrease in BMI (b 5 21.065
mg·dL-1·kg-1·m-2). Thus, the standard application of ANCOVA
suggests that only 0.07 mmol·L-1 (2.64 mg·dL-1) of the differ-

ence was because of BMI, and that 0.33 mmol·L-1 (12.69
mg·dL-1) was the corrected difference between runners and
nonrunners, i.e., (15.33 mg·dL-1) 2 (21.065 mg·dL-1·kg-1·m)
3 (22.48 kg·m-2). However, if we use the coefficient for
weight loss (20.11 mmol·L-1 or 24.28 mg·dL-1) to estimate
how a one-unit difference in BMI affects HDL, then 0.27
mmol·L-1 (10.61 mg·dL-1) of the difference is because of
BMI, and that 0.12 mmol·L-1 (4.6 mg·dL-1) is the cor-
rected difference between runners and nonrunners, i.e.,
(15.33 mg·dL-1) 2 (24.28 mg·dL-1·kg-1·m-2) 3 (22.48
kg·m-2). The choice of models very much affects the
conclusion reached about exercise versus body fat. The
traditional (static) ANCOVA model suggests that meta-
bolic processes associated with BMI have minor roles
(17%) in producing high HDL in runners, whereas the
weight loss model predicts the metabolic processes asso-
ciated with BMI are pivotal (i.e., accounting for 70%).

In another example (Fig. 1, upper panel), the traditional
(static) ANCOVA model suggested that only 25% of the
HDL-cholesterol difference between high-mileage and low-
mileage runners was explained by BMI. In contrast, the
dynamic weight loss model (i.e., 4.28 mg·dL-1 increase per
kilogram per square meter of weight loss) eliminates all of
the differences in HDL-cholesterol between high- and low-
mileage runners (Fig. 1, lower panel). We also estimate that
92% of the HDL-cholesterol difference reported in the other
large study of lipoproteins in runners is attributable to their
difference in BMI (Fig. 2). Finally, elsewhere we have
plotted the HDL-cholesterol differences reported in 23 pub-
lished cross-sectional comparisons between runners and sed-
entary controls against their predicted differences on the basis
of our model. Assuming that all of the HDL-cholesterol dif-
ferences are the consequence of the metabolic processes asso-
ciated with the lower body weights of the runners, the model
predicts with a high correlation the published differences be-
tween runners and sedentary men (r5 0.80) (132).

FIGURE 2—Distribution of mean plasma HDL-cholesterol concentra-
tions by reported weekly distance run in 2906 male runners (43).Solid
bars show the effects of using the coefficient relating weight loss to
HDL-cholesterol changes (4.28 mg·dL-1 per unit decrease in BMI)
(126) to adjust for weight differences between distance groups. Ninety-
two percent of the HDL-cholesterol difference between the high- and
low-distance runners (0.24 mmol·L-1) can be explained by the 2 kg·m-2

difference in their mean BMI (2 kg·m-2 3 0.11 mmol·L-1·kg-1·m-2 5
0.22 mmol·L-1).
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The above examples demonstrate that standard statis-
tical adjustment by ANCOVA may substantially under-
estimate the effects of weight on the lipoprotein profiles
of runners. Running is a vigorous activity, and it is not
possible to determine to what extent our findings apply to
population studies of total physical activity and CHD and
CVD. Some studies attribute the lower CHD and CVD
risk in active individuals to vigorous activity alone, oth-
ers negate any advantage of vigorous over nonvigorous
activity, and still others assign greater risk reduction to
vigorous activity although recognizing the contribution
of moderate intensity activity. The relationship between
disease risk and weight history is seldom reported. One
study that did, by Paffenbarger et al., found a significant
dose-response relationship between exercise and CHD
risk when adjusted forweight gain since college (75).
However, even this may not be an appropriate measure of
the difference betweena person’s current weight and their
expected sedentaryweight because even long-distance
runners appear to gain weight as they age (128).

FUTURE RESEARCH PRIORITIES

Population studies that examine disease endpoints will
forever be restricted to measurements of adiposity that are
practical for large samples. These measurements are ade-
quate for testing whether the associations observed between
disease and physical activity are the artifact of self-selection
for weight, but not for testing whether metabolic processes
associated with weight loss are involved in the etiology of
the disease (e.g., dyslipoproteinemias and physical activity).
This will require detailed studies of the physiological mech-
anisms responsible for these health outcomes in runners and
other physically active individuals.
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61. MARNIEMI, J., S. DAHLSTRÖM, M. KVIST, A. SEPPANEN, and E.
HIETANEN. Dependence of serum lipids and lecithin: cholesterol
acyltransferase levels on physical training of young men.Eur.
J. Appl. Physiol.49:25–35, 1982.

62. MARTIN, R. P., W. L. HASKELL, and P. D. WOOD. Blood chemistry
and lipid profiles of elite distance runners.Ann. N. Y. Acad. Sci.
301:346–370, 1977.

63. MENOTTI, A., and F. SECCARECCIA. Physical activity at work and
job responsibility as risk factors for fatal CHD and other causes
of death.J. Epidemiol. Community Health39:325–329, 1985.

EXERCISE VERSUS BODY FAT LOSS Medicine & Science in Sports & ExerciseT S619



64. MENSINK, G. B., M. DEKETH, M. D. MUL, A. J. SCHUIT, and H.
HOFFMEISTER. Physical activity and its association with cardio-
vascular risk factors and mortality.Epidemiology7:391–397,
1996.

65. MORRIS, J. N., J. A. HEADY, P. A. B. RAFFLE, C. G. ROBERTS, and
W. PARKS. CHD and physical activity of work.Lancet2:1111–
1120, 1953.

66. MORRIS, J. N., J. A. HEADY, and P. A. B. RAFFLE. Physique of
London busmen: epidemiology of uniforms.Lancet2:569–570,
1956.

67. MORRIS, J. N., A. KAGAN, D. C. PATTISON, and M. J. GARDNER.
Incidence and prediction of ischaemic heart-disease in London
busmen.Lancet2:553–559, 1966.

68. MORRIS, J. N., M. G. EVERITT, R. POLLARD, S. P. CHAVE, and A. M.
SEMMENCE. Vigorous exercise in leisure-time: protection against
CHD. Lancet2:1207–1210, 1980.

69. MORRIS, J. N., D. G. CLAYTON, M. G. EVERITT, A. M. SEMMENCE,
and E. H. BURGESS. Exercise in leisure time: coronary attack and
death rates.Br. Heart J.63:325–334, 1990.

70. NAKAMURA , N., H. UZAWA, H. MAEDA, and T. INOMOTO. Physical
fitness: its contribution to serum HDLs.Atherosclerosis48:173–
183, 1983.
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94. SCHRIEWER, H., V. GüNNEWIG, K. JUNG, and G. ASSMANN. The
influence of a 100 km run on the composition of HDL.J. Clin.
Chem. Biochem.20:533–536, 1986.

95. SEALS, D. R., W. K. ALLEN, B. F. HURLEY, G. P. DALSKY, A. A.
EHSANI, and J. M. HAGBERG. Elevated HDL cholesterol levels in
older endurance athletes.Am. J. Cardiol.54:390–393, 1984.

96. SECCARECCIA, F., and A. MENOTTI. Physical activity, physical
fitness and mortality in a sample of middle aged men followed-up
25 years.J. Sports Med. Phys. Fitness32:206–213, 1992.

97. SEIDELL, J. C., T. L. VISSCHER, and R. T. HOOGEVEEN. Overweight
and obesity in the mortality rate data: current evidence and
research issues.Med. Sci. Sports Exerc.31(Suppl.):S597–S601,
1999.

98. SEIP, R. L., T. J. ANGELOPOULOS, and C. F. SEMENKOVICH. Exercise
induces human lipoprotein lipase gene expression in skeletal
muscle but not adipose tissue.Am. J. Physiol.268(2 Pt. 1):E229–
E236, 1995.

99. SESSO, H. D., R. S. PAFFENBARGER, JR., T. HA, and I.-M. LEE.
Physical activity and cardiovascular disease risk in middle-aged
and older women.Am. J. Epidemiol.150:408–416, 1999.

100. SESSO, H. D., R. S. PAFFENBARGER, JR., and I.-M. LEE. Physical
activity and CHD in men: the Harvard Alumni Health Study.
Circulation 102:975–980, 2000.

101. SHAPER, A. G., G. WANNAMETHEE, and R. WEATHERALL. Physical
activity and ischaemic heart disease in middle-aged British men.
Br. Heart J.66:384–394, 1991.

102. SHAPER, A. G., G. WANNAMETHEE, and M. WALKER. Physical
activity, hypertension and risk of heart attack in men without
evidence of ischaemic heart disease.J. Hum. Hypertens.8:3–10,
1994.

103. SHERMAN, S. E., R. B. D’AGOSTINO, J. L. COBB, and W. B.
KANNEL. Physical activity and mortality in women in the Fra-
mingham Heart Study.Am. Heart J.128:879–884, 1994.

104. SLATTERY, M. L., and D. R. JACOBS, JR. Physical fitness and
cardiovascular disease mortality. The US Railroad Study.Am. J.
Epidemiol.127:571–580, 1988.

105. SLATTERY, M. L., D. R. JACOBS, JR., and M. Z. NICHAMAN. Leisure
time physical activity and CHD death. The US Railroad Study.
Circulation 79:304–311, 1989.

106. SOBOLSKI, J., M. KORNITZER, G. DE BACKER, et al. Protection
against ischemic heart disease in the Belgian Physical Fitness

S620 Official Journal of the American College of Sports Medicine http://www.acsm-msse.org



Study: physical fitness rather than physical activity?Am. J.
Epidemiol.125:601–610, 1987.

107. SOPKO, G., LEON, A. S., D. R. JACOBS, JR., et al. The effects of
exercise and weight loss on plasma lipids in young obese men.
Metabolism34:227–236, 1985.

108. SQUIRES, R. W., A. A. BOVE, B. A. KOTTKE, S. J. T. MAO, B. A.
STAATS, and P. MENZEL. Exercise training and the apolipoprotein
A-I to HDL-cholesterol.J. Cardpulmon. Rehabil.7:481–486,
1987.

109. STAMPFER, M. J., F. B. HU, J. E. MANSON, E. B. RIMM, and W. C.
WILLETT. Primary prevention of CHD in women through diet and
lifestyle. N. Engl. J. Med.343:16–22, 2000.

110. STEFANICK, M. L. Physical activity for preventing and treating
obesity-related dyslipoproteinemias.Med. Sci. Sports Exerc.
31(Suppl.):S609–S618, 1999.

111. STENSVOLD, I., A. TVERDAL, P. URDAL, and S. GRAFF-IVERSEN.
Non-fasting serum triglyceride concentration and mortality from
CHD and any cause in middle aged Norwegian women.BMJ
307:1318–1322, 1993.

112. TAYLOR, H., E. KLEPETAR, A. KEYS, W. PARLIN, H. BLACKBURN,
and T. PUCHNER. Death rates among physically active and sed-
entary employees of the railroad industry.Am. J. Public Health
52:1697–1707, 1962.

113. TERRY, R. B., M. F. FLYNN, S. YURGALEVITCH, et al. Weight loss
further increases HDL2-C and Apo A-I survival in trained over-
weight men compared to continued exercise (Abstract).Circu-
lation 86(Suppl. I):I-591, 1992.

114. THOMPSON, P. D., B. LAZARUS, E. CULLINANE , et al. Exercise, diet
or physical characteristics as determinants of HDL-levels in
endurance athletes.Atherosclerosis46:333–339, 1983.

115. THOMPSON, C. E., T. R. THOMAS, J. ARAUJO, J. J. ALBERS, and C. J.
DECEDUE. Response of HDL-cholesterol, apolipoprotein A-I, and
LCAT to exercise withdrawal.Atherosclerosis54:65–73, 1985.

116. THOMPSON, P. D., M. A. KANTOR, E. M. CULLINANE, S. P. SADY, A.
SARITELLI , and P. N. HERBERT. Postheparin plasma lipolytic activities
in physically active and sedentary men after varying and repeated
doses of intravenous heparin.Metabolism35:999–1004, 1986.

117. THOMPSON, P. D, S. M. YURGALEVITCH, M. M. FLYNN, et al. Effect
of prolonged exercise training without weight loss on high-
density lipoprotein metabolism in overweight men.Metabolism
46:217–223, 1997.

118. TSOPANAKIS, C., D. KOTSARELLIS, and A. D. TSOPANAKIS. Lipopro-
tein and lipid profiles of elite athletes in olympic sports.Int.
J. Sports Med.7:316–321, 1986.

119. TUNSTALL-PEDOE, H., M. WOODWARD, R. TAVENDALE, R.
A’B ROOK, and M. K. MCCLUSKEY. Comparison of the prediction
by 27 different factors of CHD and death in men and women of
the Scottish Heart Health Study: cohort study.BMJ 315:722–
729, 1997.

120. U.S. DEPARTMENT OF HEALTH, AND HUMAN SERVICES. Physical
Activity and Health: A Report of the Surgeon General.Atlanta,
GA: U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention, National Center for Chronic
Disease Prevention and Health Promotion, S/N
017–023–00196–5, 1996, pp 85–172.

121. WANNAMETHEE, S. G., A. G. SHAPER, and M. WALKER. Changes in
physical activity, mortality, and incidence of CHD in older men.
Lancet351:1603–1608, 1998.

122. WELIN, L., K. SVARDSUDD, L. WILHELMSEN, B. LARSSON, and G.
TIBBLIN . Analysis of risk factors for stroke in a cohort of men
born in 1913.N. Engl. J. Med.317:521–526, 1987.

123. WELLER, I., and P. COREY. The impact of excluding non-leisure
energy expenditure on the relation between physical activity and
mortality in women.Epidemiology9:632–635, 1998.

124. WILHELMSEN, L., G. TIBBLIN , M. AURELL, J. BJURE, B. EKSTROM-
JODAL, and G. GRIMBY. Physical activity, physical fitness and risk
of myocardial infarction.Adv. Cardiol.18:217–230, 1976.

125. WILLIAMS , P. T. Physical fitness and activity as separate heart
disease risk factors: a meta analysis.Med. Sci. Sports Exerc.
33:754–761, 2001.

126. WILLIAMS , P. T. Weight set-point theory predicts HDL-choles-
terol levels in previously-obese long-distance runners.Int. J.
Obes.14:421–427, 1990.

127. WILLIAMS , P. T. Weight-set point and the high-density lipoprotein
concentrations of long-distance runners.Metabolism39:460–
467, 1990.

128. WILLIAMS , P. T. Evidence for the incompatibility of age-neutral
overweight and age-neutral physical activity standards from run-
ners.Am. J. Clin. Nutr.65:1391–1396, 1997.

129. WILLIAMS , P. T. Deviations from maximum weight predict high-
density lipoprotein cholesterol levels in runners: the National
Runners’ Health Study.Int. J. Obes. Relat. Metab. Disord.21:
6–13, 1997.

130. WILLIAMS , P. T. Relationship of distance run per week to CHD
risk factors in 8283 male runners. The National Runners’ Health
Study.Arch. Intern. Med.157:191–198, 1997.

131. WILLIAMS , P. T. Dose of exercise and health benefit.Arch. Intern.
Med.157:1774–1776, 1997.

132. WILLIAMS , P. T., P. D. WOOD, R. M. KRAUSS, et al. Does weight
loss cause the exercise-induced increase in plasma HDLs?Ath-
erosclerosis47:173–185, 1983.

133. WILLIAMS , P. T., P. M. KRAUSS, P. D. WOOD, F. T. LINDGREN, C.
GIOTAS, and K. M. VRANIZAN. Lipoprotein subfractions of runners
and sedentary men.Metabolism35:45–52, 1986.

134. WILLIAMS , P. T., R. M. KRAUSS, K. M. VRANIZAN, J. J. ALBERS,
R. B. TERRY, and P. D. WOOD. Effects of exercise-induced weight
loss on LDL subfractions in healthy men.Arteriosclerosis9:623–
632, 1989.

135. WILLIAMS , P. T., R. M. KRAUSS, K. M. VRANIZAN, and P. D.
WOOD. Changes in lipoprotein subfractions during diet-induced
and exercise-induced weight loss in moderately overweight men.
Circulation 81:1293–1304, 1990.

136. WILLIAMS , P. T., R. M. KRAUSS, K. M. VRANIZAN, J. J. ALBERS, and
P. D. WOOD. Effects of weight loss by exercise and by diet on
apolipoprotein A-I and A-II and the particle size distribution of
HDLs in men.Metabolism41:441–449, 1992.

137. WILLIAMS , P. T., R. M. KRAUSS, M. L. STEFANICK, K. M.
VRANIZAN, and P. D. WOOD. Effects of low-fat diet, calorie
restriction, and running on lipoprotein subfraction concentra-
tions in moderately overweight men.Metabolism43:655– 663,
1994.

138. WOOD, P. D., W. L. HASKELL, H. KLEIN, S. LEWIS, M. P. STERN,
and J. W. FARQUHER. The distribution of plasma lipoproteins
in middle-aged male runners.Metabolism 25:1249 –1257,
1976.

139. WOOD, P. D., W. L. HASKELL, S. N. BLAIR, et al. Increased
exercise level and plasma lipoprotein concentrations: a one-year,
randomized, controlled study in sedentary, middle-aged men.
Metabolism32:31–39, 1983.

140. WOOD, P. D., M. L. STEFANICK, D. M. DREON, et al. Changes in
plasma lipids and lipoproteins in overweight men during weight
loss through dieting as compared with exercise.N. Engl. J. Med.
319:1173–1179, 1988.

141. YANO, K., D. M. REED, and D. L. MCGEE. Ten-year incidence of
CHD in the Honolulu Heart Program. Relationship to biologic
and lifestyle characteristics.Am. J. Epidemiol.119:653–666,
1984.

EXERCISE VERSUS BODY FAT LOSS Medicine & Science in Sports & ExerciseT S621


