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Cardiorespiratory fitness is inversely
related to chronic disease morbidity and mor-

2Lts ; :gs+': S, a .1 3 tality.3 Prospective data from the Aerobic
Center Longitudinal Study provide evidence

'i;a.^?-." of steep, inverse gradients for all-cause and
cardiovascular disease mortality across rela-

l~7I2tb
tive levels of low (least fit 20% of the
cohort), moderate (next 40%), and high (most
fit 40%) cardiorespiratory fitness."4 These

LV':''$,'.- studies show a reduction of approximately
60% in the rate of death when comparing the
moderate fitness and the low fitness groups,
with a further reduction of 8% seen in the
high fitness group relative to the low fitness
group. The hypothesis that cardiorespiratory

R5O0 X.S: fitness provides protection against early mor-
tality is strengthened by the observation that
initally unfit men in the cohort who became

188. at least moderately fit by a subsequent exam
had a 65% reduction in all-cause death rate
relative to their peers who remained unfit.5

-Ys These findings and others69 provide evi-
i,: ' '?'','.denceof higher cardiovascular disease mor-

Ced . bidity and mortality risks among sedentary
3nd and less fit individuals and indicate that such
M11.G:id'!'^ risks can be reduced by improvements in car-

diorespiratory fitness or physical activity
adls . level. Indeed, even regular physical activity

that may not be of sufficient intensity to
-}l achieve high levels of cardiorespiratory fit-
-;"?̂; ness can result in substantial health bene-

fits.4,5, ,0"'
Recently, public health emphasis has

shifted from the traditional structured exer-
cise program'2 to the goal of increasing levels
of daily physical activity to achieve better
health and function.'0"3'6 Although studies
measuring physical fitness provide com-
pelling support for the position that sedentary
living is a health hazard, these fitness data do
not easily translate into readily communica-
ble recommendations or clinical practice

a guidelines. For example, the general public
cannot be advised to become moderately fit

fiv ., without being provided with the necessary

behavioral recommendations. Therefore, we
analyzed cross-sectional data from a large
sample of the Aerobic Center Longitudinal
Study cohort on whom extensive physical
activity information and objective cardiores-
piratory data were collected. The purpose of
this report is to describe the physical activity
pattems that are associated with levels of low,
moderate, and high cardiorespiratory fitness
in men and women, in order to develop and
substantiate meaningful physical activity rec-
ommendations that are empirically derived
and related to significant reductions in mor-
tality risk.

Methods

Subjects

Study participants were 13 444 men and
3972 women, ranging in age from 20 to 87
years, who underwent at least 1 comprehen-
sive preventive medical examination at the
Cooper Clinic in Dallas, Tex. Medical exami-
nations included a physical examination, a
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self-administered personal and family medical
history, a resting electrocardiograph (ECG),
anthropometry, blood pressure measurements,
blood chemistry analyses, and an assessment
of cardiorespiratory fitness by a maximal
exercise treadmill test.'7 Data for the present
analysis were taken from the most recent
examination of each participant between 1987
and 1993. This particular study population
was selected because the physical activity
questionnaire was expanded in 1987, allowing
more complete data on physical activity to be
used for the analyses presented here.

All participants were free of known
chronic disease, as determined by the follow-
ing criteria: no reported personal history of
heart attack, hypertension, stroke, or dia-
betes; no resting ECG abnormalities; and no
abnormalities on an exercise ECG. In order
to exclude individuals with possible subclini-
cal or undetectable disease at baseline, those
people taking heart-rate-altering drugs or
those unable to achieve at least 85% of their
age-predicted maximal heart rate on the
treadmill test were excluded from the analy-
ses. Details of the clinical procedures and
additional exclusion criteria have been
described in previous reports. 4'5

Physical Activity

As part of a comprehensive medical his-
tory questionnaire, leisure time physical activ-
ity was assessed from a series of questions
regarding participation in 10 specific exercise-
related physical activities within the previous
3 months. Participants were asked to quantify
the frequency (times wk-') and duration
(min session-) of their participation in activ-
ities such as walking, jogging, treadmill exer-
cise, cycling, stationary cycling, swimming,
racquet sports, aerobic dance, and other sport-
related activities (e.g., soccer, basketball). For
activities such as walking, running, and
cycling, speed (i.e., average time per mile)
and distance were also queried to provide an
approximate indicator of intensity.

Participants also were assigned to 1 of 3
age-specific activity categories based on their
reported physical activity pattem. Those who
reported no exercise-related physical activi-
ties within the previous 3 months were classi-
fied as inactive; participants reporting either
20 minutes or more of vigorous activity on 3
or more days per week or 30 minutes or more
of moderate activity on 5 or more days per
week were classified as regularly active; and
those reporting some activity, but not enough
to meet the criteria for regular activity, were
classified as irregularly active.'0

Weekly energy expenditure from reported
physical activity was estimated among each of
the 3 fitness levels via activity-specific meta-

bolic equivalent values.'8 These values are
classified as multiples of one metabolic equiv-
alent value or the ratio of the metabolic cost of
a given activity divided by resting metabolic
rate. For example, one metabolic equivalent is
defined as the energy expenditure required for
sitting quietly, which, for an adult of average
height and weight, is approximately 3.5 mL of
oxygen* kg-' * min-' or 1 kcal kg-' * f-'. The
metabolic equivalent value for a given activity
was multiplied by the reported minutes per
week of participation and then summed over
all reported activities to derive an estimate of
weekly leisure time energy expenditure,
expressed as kcal * kg-' * wk-'. Whenever pos-
sible, the speed (and, thus, intensity) of an
activity was accounted for in energy expendi-
ture calculations. For example, walking at a
pace of 30 min mile-' was equivalent to 2.5
metabolic equivalents, whereas a more brisk
walk at a pace of 15 min mile-' was equiva-
lent to 4.0 metabolic equivalents.

Cardiorespiratory Fitness

Cardiorespiratory fitness was measured
by performance on a maximal treadmill exer-
cise test.17 Treadmill speed was set initially at
88 m * min-', with a grade of 0% for the first
minute, a grade of2% for the second minute,
and grades thereafter increasing by 1% each
minute for 25 minutes. After 25 minutes, the
grade did not change, but the speed was
increased 5.4 m- min-' until the test was ter-
minated. Subjects were tested to volitional
exhaustion and were encouraged to give a
maximal effort. Total treadmill time (in sec-
onds) was the indicator of cardiorespiratory
fitness in the analysis. Treadmill time using
this protocol is highly correlated with mea-
sured maximal oxygen uptake, which is a
widely accepted indicator of cardiorespira-
tory fitness, in both men (r = 0.92)'9 and
women (r= 0.94).20

Subjects were assigned to quintiles of
cardiorespiratory fitness based on the sex- and
age-specific distribution of maximal treadmill
time in the study population." 5 Quintiles 2 and
3 and quintiles 4 and 5 were then combined to
form 3 relative levels of cardiorespiratory fit-
ness: low (quintile 1), moderate (quintiles 2
and 3), and high (quintiles 4 and 5). Maximal
oxygen uptake values associated with the lev-
els of relative fitness were estimated from the
treadmill test by means of maximal treadmill
time and known equations based on treadmill
speed and grade.

Data Analysis

Univariate statistics (means and frequen-
cies) were generated for all study variables
among the 3 relative levels of cardiorespira-

tory fitness. More than 25% of the study pop-
ulation reported engaging in multiple activi-
ties, which attenuated the amount of time
spent in any one activity. Therefore, to obtain
the most specific amount of a given activity
associated with each fitness level, we calcu-
lated the volume (min * wk-') of a reported
activity from the frequency and duration ofthe
activity, but only among subjects reporting
that particular activity alone. For example, the
weekly volume of walking was calculated
solely among the men and women who
reported walking as their only activity. Chi-
square analyses tested the association between
activity pattems and fitness level or age group.
Mean differences in reported energy expendi-
ture and volume of activity among the 3 fit-
ness levels were tested via analysis of vari-
ance.22 If significant main effects were found,
post hoc analyses using orthogonal contrasts
were performed to test specific differences in
the study variables among levels of cardiores-
piratory fitness. Bivariate analyses were strati-
fied by sex and, whenever possible, by age
group (20-39, 40-49, 50-59, and 60 years or
above). Complete data on speed were avail-
able for walking, jogging, and treadmill exer-
cise, so multivariable analysis of variance
tested the independent association between the
mean volume of these 3 activities and level of
fitness while adjusting for the effects of age,
body mass index, and speed of the activity.
Multivariable modeling was conducted sepa-
rately for men and women.

Results

Participants were primarily White (96%)
and of middle to upper socioeconomic status.
Only 10% of the study subjects were current
smokers, while 34% reported a past history
of smoking. Other selected descriptive char-
acteristics of the study sample are presented,
by level of fitness, in Table 1. Body mass
index showed an inverse graded association
with level of relative fitness for both men and
women (P < .05). Also for all men and
women, estimates ofmaximal oxygen uptake
were consistent with age-specific norms for
low, moderate, and high levels ofphysical fit-
ness.23 Among the entire cohort, the median
exercise frequency was stable across fitness
levels (3-5 d * wk'l), although men at the
high fitness level reported a longer exercise
history (i.e., years exercising) than anyone
else in the study cohort (Table 1).

Prevalence ofSelected Activities

Overall, approximately 67% of the men
and 65% of the women reported at least 1
exercise-related activity during the previous
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3 monthls. Among all men and women,

respectively, 32%o and 27% reported only 1

activity, 23%0 and 23% reported 2 activities,
9% anld 10%/o rei)orted 3 activities, and 3%
and 5°', reportedi 4 or more activities. The
niumber of reported activities tended to vary

by level of fitness for men and women; peo-

ple at the highest fitness level were more

likely to report 2 or more activities than
those at moderate or low levels of fitness
(P < .001; Table 2).

One third (33%) of the men and 35% of
the women reported no activity and thus
were classified as inactive. Thirty-four per-

cent of the men and 37% of the women were

classified as irregularly active, whereas 33%
of the men and 28% of the women met crite-
ria for being regularly active. Activity pat-
tems varied somewhat by age group among

the men; older men were less likely to report
inactivity and tended to engage in more reg-

ular activity than younger men (P < .001;
Table 3).

The proportion of men reporting no

activity was inversely related to level of fit-
ness and ranged from 68% at the low fitness
level to 21% at the high relative fitness level
(Figure 1). In contrast, the prevalence of
reported activities such as walking, jogging,
stationary cycling, and treadmill exercise
tended to increase with level of fitness.
These patterns were similar among women

(Figure 1).

Estimated Energy Expenditure

Estimated energy expenditures were

3.5, 7.1, and 22.0 kcal kg-' wk-' for men
and 3.3, 6.9, and 20.8 kcal kg-' wk-' for
women in the low, moderate, and high fit-
ness categories, respectively (Table 4). In
general, estimated weekly energy expendi-
ture was higher with higher levels of relative
fitness (P<.01). This graded relationship
was consistent for men and women across all
age categories (Figure 2), although the statis-
tical relationship between weekly energy
expenditure and the highest level of fitness
varied significantly by age group. For

instance, among men, the weekly energy

expenditure associated with the high fitness
level was approximately 30 kcal kg' wk-'
up to 49 years of age, as compared with 26
kcal kg-' wk-' among men 50 years old or

older (P <.001). A similar interaction was

noted for women, among whom approxi-
mately 31 kcal - kg-' wk- was associated
with high fitness levels for those 20 to 39
years of age, as compared with 27
kcal kg' wk-' for those 40 to 49 years old
(P< .01), 25 keal - kg-' wk-' for those 50 to
59 years old, and 21 kcal kg-' wk-' for
those 60 years old or older. These data show
a decline in the amount of weekly leisure
time energy expenditure necessary to attain
higher relative fitness levels with increasing
age that is most likely attributable to a lower
absolute fitness level at older ages. Differ-
ences in energy expenditure tended to be
substantially greater between the moderate
and high levels of fitness (P<.001) than
between the low and moderate fitness levels,
presumably as a result of a greater number of

higher intensity activities reported among

those of higher cardiorespiratory fitness.

Volume ofSelected Activities

In this section, we provide data on the
volume of specific physical activities for
men and women in the 3 fitness categories. It
is important to consider that 68% ofmen and
72% of women in the low fitness category
reported no activity (Table 2). The volume of
activity reported here is for those who actu-
ally reported each specific activity. Data on
the frequency and duration of specific
reported activities for men and women indi-
cate that most of the exercise-related activi-
ties were performed in 3 to 5 weekly bouts
of approximately 30 to 50 minutes' duration.
Among men who reported only walking, the
age-adjusted volumes of walking associated
with low, moderate, and high levels of fit-
ness were 112, 130, and 138 min wk-,
respectively (P<.001) (Table 4). Among
men, there was little difference in the volume

TABLE 3-Prevalence (%) of Reported Inactivity, Irregular Activity, and Regular
Activity Among Study Men and Women

Men Women

No Activity Irregular Regular No Activity Irregular Regular
Age Group, y (n = 4469) (n = 4526) (n = 4449) (n = 1397) (n = 1483) (n = 1092)

20-39
40-49
50-59
60+

36.0
35.8
30.2
27.2

34.6 29.4
31.4 32.8
35.7 34.1
34.5 38.3

36.2 37.0 26.7
35.2 38.5 26.3
32.6 38.1 29.2
37.1 33.0 29.9

American Journal of Public Health 1809

TABLE 1-Descriptive Characteristics of Men and Women at the Low, Moderate, and High Cardiorespiratory Fitness Levels

Men, Mean (SD) Women, Mean (SD)
Low Moderate High Low Moderate High*

Characteristic (n = 1064) (n = 3837) (n = 8543) (n = 293) (n = 1110) (n = 2569)

Age, y 46.1 (10.5) 46.9 (10.5) 47.6 (10.6) 44.7 (10.7) 45.6 (11.1) 45.2 (11.2)
Body mass index, kg. m2 31.1 (5.6) 27.5 (3.7) 25.2 (2.6) 27.4 (6.3) 23.9 (3.9) 21.8 (2.7)
Maximal treadmill time, min 10.9 (2.7) 15.7 (2.6) 22.1 (3.8) 7.3 (1.9) 10.9 (2.2) 17.0 (4.1)
Oxygen consumption, mL. kg' min-fa 30.7 (3.9) 37.6 (3.8) 46.9 (5.5) 23.3 (3.9) 29.3 (3.6) 38.9 (6.4)
Years exercising 5.9 (9.5) 7.2 (9.3) 12.4 (10.0) 5.8 (9.7) 4.8 (6.7) 9.0 (8.1)

aEstimated from treadmill speed, grade, and time.21

TABLE 2-Prevalence (%) of Reported Activities Among Men and Women at the
Low, Moderate, and High Fitness Levels

Men Women
No. of Low Moderate High Low Moderate High

Activities (n = 1064) (n = 3837) (n = 8543) (n = 293) (n = 1110) (n = 2569)

0 67.8 51.7 20.7 72.3 52.6 23.4
1 20.1 26.6 35.6 14.0 24.9 28.8
2 8.7 15.8 27.3 9.2 16.5 27.5
3 2.8 4.7 11.6 3.8 4.8 13.2
.4 0.6 1.2 4.8 0.7 1.2 7.1

December 1998, Vol. 98, No. 12



80-

I.

40-

Stofan et al.

.WO

(n23 4

100-

80

0 | ]040q1
]: S ~~~~~~~~~~.2D20

Cardiorespimtory Fitness Lei7s

Cl Low C Moderate *High

FIGURE 1-Prevalence of selected activities among men and women in the low, moderate, and high fitness categories.

,I

Note. ND =.no da-ta.reported..

* ;:l' ]
_ ___ _

< N -1 _ ;;1
_ F_ .,

g _ __ _ _l *

ofjogging reported between those at the low
and moderate fitness levels (83 vs 90
min * wk-'); however, the volume ofjogging
associated with the high level of fitness was

significantly greater (140 min wk-1)
(P<.01). Among men reporting only tread-
mill exercise, the volumes of treadmill exer-

cise associated with low, moderate, and high
fitness were 88, 90, and 94 min wk-', and
the volumes of stationary cycling were 69,
76, and 80 min wk-', respectively. After
adjustment for age, body mass index, and
speed (and, when appropriate, treadmill
grade), the overall association between walk-
ing, jogging, or treadmill exercise volume

and cardiorespiratory fitness was statistically
significant (P<.01). The adjusted volumes
for walking (101, 130, and 142 min wk-1),
jogging (139, 105, and 138 min * wk-1), and
treadmill exercise (76, 98, and 100
min * wk-1) among those at the low, moder-
ate, and high fitness levels were altered
somewhat, especially in the low and moder-
ate fitness categories. This was presumably
due to the additional influence of body mass

and speed on volume of weekly activity in
the lower fitness groups.

Among women who reported only
walking, the volumes of walking associated
with low, moderate, and high levels of fitness

were 128, 148, and 167 min wk7', respec-

tively (P < .01; Table 4), and the amounts of
jogging associated with moderate and high
levels of fitness were 92 and 154 min * wk7'
(P < .01). The volumes of aerobic dance were

117, 132, and 171 min wk'1 (P<.05), and
the volumes of stationary cycling were 50,
74, and 84 min * wk-' for those at the low,
moderate, and high levels of fitness, respec-
tively. After adjustment for age, body mass

index, and speed, walking (140, 150, and 172
min wk-1) and jogging (123 and 152
min wk-') volumes increased slightly
among women in the lower and moderate fit-
ness categories.

December 1998, Vol. 88, No. 121810 American Journal of Public Health

TABLE 4-Age-Adjusted Weekly Leisure Time Energy Expenditure (kcal kg-1 * wk71) and Volume (min * wk-1) of Selected
Activities Associated With Low, Moderate, and High Fitness Categories

Men, Mean (SEM) Women, Mean (SEM)
Activity No. Low Moderate High pa No. Low Moderate High pa

Total energy expenditure 35444 3.5 (0.6). 7.1 (0.3)b 22.0 (0.2)c .0001 3972 3.3 (1.1). 6.9 (0.6)b 20.8 (0.4)c .005
Walking (>15 min * mile-') 1 035 112.3 (7.8)a 129.7 (3.6)b 137.5 (2.3)b .0001 486 128.3 (15.2)a 148.3 (5.9)a 167.4 (3.2)b .01
Jogging (<15 min * mile-') 1 750 82.5 (23.5)a 89.7 (5.9)a 139.6 (1.7)b .01 165 ... 91.5 (21.3)a 154.3 (4.6)b .01
Treadmill exercise 396 87.8 (9-3)a 89.7 (3.8)a 94.4 (1.9)a .05 82 92.5 (20.6)a 105.6 (8.8)a 112.8 (4.2)a NS
Aerobic dance 57 106.3 (19.2)a 105.4 (8.2)a 115.4 (4.1)a NS 164 116.7 (22.8)a 132.4 (8.8)a 170.5 (4.0)b .01
Stationary cycling 589 68.5 (5.6)a 76.1 (2.6)a,b 79.8 (1 .5)b .05 106 49.5 (14.7)a 74.4 (5.4)a,b 83.5 (3.0)b .01

Note. Energy expenditure was calculated among the entire cohort. Activity volume for each activity was calculated for only those respondents
reporting that particular activity alone. Means sharing the same subscript are not significantly different at P < .05, based on orthogonal
contrasts.

aValue for overall model.
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Discussion

Prospective data from the Aerobic Cen-
ter Longitudinal Study 4'5 have provided
consistent evidence of a graded inverse rela-
tionship between relative level of cardiores-
piratory fitness and risk of both cardiovascu-
lar disease and all-cause mortality. In this
section, we describe the patterns of self-
reported physical activity behaviors that are
associated with these levels of fitness in the
same study cohort and discuss the implica-
tions of our findings for the physical activ-
ity-fitness-mortality relationship.

The physical activity pattems reported
among this study population were generally
comparable to activity patterns reported
among the general US population, although
the prevalence of inactivity was slightly
higher in this cohort (33% for men and 35%
for women) than that recently reported in the
1990 Behavioral Risk Factor Surveillance
System data (29% for men and 32% for
women).24 For both men and women, the
prevalence of inactivity was higher and esti-
mated weekly energy expenditure was lower
among those at the lowest level of cardiores-
piratory fitness than among their more fit
counterparts. In previous analyses using data
from this same cohort, the lowest level of
cardiorespiratory fitness was associated with
a disproportionally greater risk of both car-
diovascular disease and all-cause mortality

relative to moderate or high levels of fit-
ness.' Moreover, men who subsequently
changed from this low level to moderate or
high levels of fitness over the 5-year follow-
up decreased their risk of cardiovascular dis-
ease mortality by 52% and their risk of all-
cause mortality by 44% in comparison with
their peers who remained unfit.5 Together,
these data support the contention that a
sedentary lifestyle is a major contributing
factor to early mortality. More important,
data from the present analysis suggest that
modest levels of physical activity are associ-
ated with the moderate level of relative car-
diorespiratory fitness that has been shown to
translate into a substantial reduction in mor-
tality risk. Furthermore, the greater reduc-
tions in mortality risk seen in the high fitness
category do not appear to require training
levels associated with competitive athletes;
rather, they can be achieved by 1.5 to 3.0
hours of activity per week.

Here we have reported that average esti-
mated weekly leisure time energy expendi-
tures ofapproximately 7 to 22 kcal - kg-' wk-1
for men (approximately 525-1650 kcal wk-
for a man weighing 75 kg [167 lb]) and 7 to 21
kcal * kg-' - wk-' for women (approximately
420-1260 kcal * wk-' for a woman weighing
60 kg [133 lb]) were associated with moderate
to high levels of cardiorespiratory fitness. The
amount of leisure time physical activity
required to expend this much energy can be

achieved easily by most people with a brisk
walk of approximately 30 minutes on most
days of the week. In fact, in our analyses, men
in the moderate to high fitness categories
walked between 130 and 138 min wk-' and
women in these categories walked between
148 and 167 min- wk-'.

There is convincing evidence from other
studies7'8'25 that physical activity is associated
with protective effects and decreased risk of
cardiovascular disease and coronary heart dis-
ease mortality. Studies of Harvard alumni8'9'25
indicate that adopting a physically active
lifestyle involving walking, climbing stairs,
and playing sports delayed all-cause mortality
and extended longevity up to 1.6 years. Seden-
tary alumni who expended less than 1500
kcal - wk-l were at a 39% higher risk of early
death than their more active counterparts.25
Also, men who adopted activities of at least
moderate intensity (4.5 or more metabolic
equivalents) decreased their 8-year mortality
risk by 23%,9 and those who increased their
overall physical activity to 1500 kcal * wk-' or
more reduced their 11-year risk by 28%25 rela-
tive to those men who remained considerably
less active. In the most recent analysis from
this same Harvard alumni cohort,7 mortality
generally declined with increasing weekly
energy expenditure (i.e., greater physical activ-
ity), with the mortality rate stabilizing at
approximately 3500 kcal * wk-'. Thus, men
who expended 1500 kcal * wk-' or more per-
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forming moderate to vigorous (i.e., 6 or more
metabolic equivalents) activity were at a lower
risk of early death by 13% to 25% relative to
those expending less than 1500 kcal wk-'.

Volume estimations from reported phys-
ical activity in the Aerobic Center Longitudi-
nal Study cohort were fairly similar among
individuals at low and moderate fitness levels
(Table 4), suggesting that physical activity
may not be entirely responsible for the pro-
tective effect on early mortality. It is impor-
tant to note that the minutes of participation
for each of the specific activities shown in
Table 4 were calculated only among those
who reported engaging in that activity. These
data thus involve reportedly active people.
There were, however, 4436 men and 1390
women who reported no activity, and approx-
imately 70% of these individuals were in the
low fitness category. If these inactive persons
were considered in each of the specific activ-
ity analyses, the average volume in the low
fitness category would be much lower, and
there would be a greater difference in min-
utes per week of activity between people in
the low and moderate fitness categories. This
complicated the interpretation of the volumes
of specific activities for the 3 fitness groups.
We considered calculating the minutes of
weekly activity including inactive people in
the denominator (they would contribute 0
minutes to the numerator) but decided that
this would also create problems in the inter-
pretation of the data. In the end, we decided
to present the data only for those persons
reporting the specific activity but to keep in
mind that many people who reported no
activity were concentrated in the low fitness
group. We are left with the question of why
there was only a small difference in volume
of activity between people at the low and
moderate fitness levels. For example, women
in the low fitness group reported an average
of 128 minutes per week of walking, while
the moderately fit women reported only 20
minutes more per week. One possible expla-
nation is that some people who actually get a
reasonable amount of exercise (i.e., more
than 2 hours of walking per week) have a
genetically determined low response to fit-
ness change with exercise, as documented by
Bouchard and colleagues.26 It is not clear
whether a moderate amount of activity pro-
vides protection against cardiovascular dis-
ease or premature mortality even if it does
not result in moderate levels of cardiovascu-
lar fitness. This is an important question that
needs to be addressed in future studies.

Blair and colleagues5 subsequently
reported that men from the Aerobic Center
Longitudinal Study cohort who were initially
unfit but modified their behavior and became
fit by their subsequent exam reduced their

risk of mortality substantially relative to men
who remained unfit. Thus, while heredity
may have been an important confounder in
the earlier analysis, clearly, mortality risk was
also influenced by changed behavior and
increased fitness. Evidence from other reports
on physical activity change and reduced mor-
tality risk9'25 alleviates the concem that hered-
ity and selective survival have an overriding
role in the physical activity-fitness-mortality
relationship. Indeed, data from the Harvard
alumni and Aerobic Center Longitudinal
Study cohorts support the claim that modifi-
cations in behavior also have a significant
role in lowering mortality risk.

According to recent public health rec-
ommendations,10,15,16 every US adult should
engage in 30 minutes or more of moderate-
intensity physical activity on most, or prefer-
ably all, days of the week. Additional Ameri-
can College of Sports Medicine/Centers for
Disease Control and Prevention recommen-
dations'0 suggest that individuals who can
expend approximately 200 calories per day
(or 1000-1400 kcal per week) can expect
many of the health benefits associated with
physical activity. This suggested amount of
energy expenditure corroborates our values
for people in the high fitness category but is
greater than the amount presented for the
moderate fitness level (which also was
related to a substantially lower risk of early
mortality in this cohort relative to the lowest
level). We suspect that the 10 leisure time
activities constituting the activity portion of
the medical questionnaire may not have ade-
quately captured the full spectrum of activi-
ties engaged in by this very healthy cohort
(e.g., yard work, housework, stair climbing).
Thus, the misclassification of active people
as inactive (especially among those at the
moderate fitness level) may have attenuated
the estimation of weekly energy expenditure
or activity volume in the cohort.

Year 2000 objectives call for reducing
the prevalence of inactivity to less than
15%,27 and more recent public health recom-
mendations emphasize the value ofmoderate
levels of physical activity. We suggest the
addition of at least 30 minutes of walking on
5 days per week (or the equivalent volume of
approximately 20 minutes of walking or
about 15 minutes ofjogging every day). Fur-
thermore, we are confident that most individ-
uals can achieve these physical activity goals
and can thus attain a cardiorespiratory fitness
level sufficient to result in important and
substantial health benefits. D
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