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Objective.—To evaluate the relationship between changes in physical fitness
and risk of mortality in men.

Design.—Prospective study, with two clinical examinations (mean interval
between examinations, 4.9 years) to assess change or lack of change in physical
fitness as associated with risk of mortality during follow-up after the subsequent
examination (mean follow-up from subsequent examination, 5.1 years).

Setting.—Preventive medicine clinic.

Study Participants.—Participants were 9777 men given two preventive medi-
cal examinations, each of which included assessment of physical fitness by maxi-
mal exercise tests and evaluation of health status.

Main Outcome Measures.—All-cause (n=223) and cardiovascular disease
{n=87) mortality.

Results.—The highest age-adjusted all-cause death rate was observed in men
who were unfit at both examinations (122.0/10 000 man-years); the lowest death
rate was in men who were physically fit at both examinations (39.6/10000
man-years). Men who improved from unfit to fit between the first and subsequent
examinations had an age-adjusted death rate of 67.7/10 000 man-years. This is a
reduction in mortality risk of 44% (95% confidence interval, 25% to 59%) relative
to men who remained unfit at both examinations. Improvement in fitness was as-
sociated with lower death rates after adjusting for age, health status, and other risk
factors of premature mortality. For each minute increase in maximal treadmill time
between examinations, there was a corresponding 7.9% (P=.001) decrease in risk
of mortality. Similar results were seen when the group was stratified by health sta-
tus, and for cardiovascular disease mortality.

Conclusions.—Men who maintained or improved adequate physical fitness
were less likely to die from all causes and from cardiovascular disease during
follow-up than persistently unfit men. Physicians should encourage unfit men to

improve their fithess by starting a physical activity program.
(JAMA. 1995;273:1093-1098)
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LOW LEVELS of physical fitness are
associated with an increased risk of all-
cause and cardiovascular disease (CVD)
mortality, with age-adjusted relative risks
(RRs) of CVD up to eightfold greater for
unfit groups than their fit counterparts.'*°
The increased risk among unfit individu-
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als is substantially greater than the risk
reported for inactive participants in stud-
ies of physical activity and mortality, in
which an approximate doubling of risk is
seen when inactive groups are compared
with active groups.!! Physical fitness (a
condition) is measured more objectively
and with greater reliability than physical
activity (a behavior), which may account
for the differences in the strength of the
relationship between these two exposures
and mortality.

Studies on fitness and mortality have
relied on a single baseline assessment of
fitness, with subsequent follow-up for
mortality.>751° With single exposure as-
sessments, it is difficult to discount the
hypothesis that genetic factors or other
confounding variables are an important
cause of the relationship between fitness
and mortality. Moreover, changes in the
variable of interest during follow-up may
affect the subsequent risk of mortality.
One way to examine this issue more com-
pletely is to evaluate the effect of changes
in physieal fitness on risk of mortality.
Extended follow-up in the Aerobics Cen-
ter Longitudinal Study provides an op-
portunity to evaluate the relationship of
changes in physical fitness with mortal-
ity in a cohort of men with two clinical
examinations and subsequent follow-up
for mortality. We tested the hypothesis
that changes in physical fitness, especially
in men with an initial low level of fitness,
produced changes in risk of mortality.

SUBJECTS AND METHODS
Subjects and Design

Study participants were 9777 men,
ranging in age from 20 to 82 years at

1093

Further reproduction prohibited without permission.



baseline, who completed at least two
preventive medical examinations at the
Cooper Clinic in Dallas, Tex, from De-
cember 1970 through December 1989.
Although women are included in the co-
hort there are too few women in the
study with two examinations to perform
the analyses reported herein.? All study
subjects were residents of the United
States, had complete examinations at
both visits, and achieved at least 85% of
their age-predicted maximal heart rate
(220—age [years]) during both treadmill
tests. A total of 268 men were excluded
because of failure to achieve the maxi-
mal heart rate criterion; 140 were ex-
cluded at baseline, and an additional 128
were excluded for failing to reach 85%
or more of age-predicted maximal heart
rate at the subsequent examination.

Analyses were performed in the en-
tire population and within health status
subgroups. The 6819 men who had nor-
mal resting and exercising electrocar-
diograms, and no history or evidence of
myocardial infarction, stroke, diabetes,
or hypertension at both examinations,
were defined as the apparently healthy
subgroup. Men with one or more of these
conditions at either or both of the ex-
aminations were classified as unhealthy.
The 2958 unhealthy men had a total of
3836 chronic conditions because some
men had more than one condition. The
distribution of conditions in this group
was as follows: myocardial infarction,
178; hypertension, 1733; diabetes mel-
litus, 374; cancer, 192; abnormal resting
electrocardiogram, 861; and abnormal
exercise electrocardiogram, 498.

The average (=SD) interval between
the two examinations was 4.9+4.1 years
(range, 1 to 18 years). Follow-up for mor-
tality after the subsequent examination
was an average of 5.1+4.2 years (range,
1 to 18 years) (total follow-up, 47560
man-years). These intervals were com-
parable for the health status groups.
The interval between examinations was
4.8+4.0 yearsinhealthy menand 5.2+4.3
years in unhealthy men. Follow-up was
4.7+4.0 and 5.2+4 4 years, respectively,
in the healthy and unhealthy groups.

Clinical Examination

The study protocol was reviewed and
approved annually by the Institutional
Review Board. After patients gave their
written informed consent and subse-
quent registration in a follow-up study,
examinations followed an overnight fast
of at least 12 hours. Components of the
examination included a self-administered
personal and family medical history, in-
cluding demographic factors and health
behavior, a physical examination by a
physician, anthropometry, blood pres-
sure measurement, and blood chemis-

1094 JAMA, April 12, 1995—Vol 273, No. 14

try analyses. All patients completed a
maximal treadmill exercise test, which
included measurement of resting and
exercising electrocardiograms and blood
pressures. Trained laboratory techni-
cians, with physician supervision, ad-
ministered the assessments in accord
with a standard manual of operations.
Details of examination procedures have
been published elsewhere.!?

The primary exposure variable for the
analyses presented herein is the level of
physical fitness. As used in this report,
physical fitness refers to exercise test
tolerance to a standard treadmill pro-
tocol,’® and treadmill test duration was
the variable used in the present analy-
ses. Test time with this protocol is highly
correlated with measured maximal oxy-
gen uptake (r=.92 in men'); thus, physi-
cal fitness in this report is analogous to
aerobic power.

Blood pressures were measured by
auscultatory techniques with a mercury
sphygmomanometer. Diastolic pressure
was recorded as the disappearance of
sound. Serum samples were analyzed
by automated methods for lipids and
glucose. Weight and height were mea-
sured on a standard physicians’ balance
beam scale and stadiometer. Body mass
index was calculated as weight in kilo-
grams divided by the square of height in
meters. Cigarette smoking habits, alco-
hol intake, health behaviors, and family
medical histories were self-assessed by
questionnaire at the time of the exami-
nations. Data on medication use in the
cohort are incomplete and are not in-
cluded in the analyses presented herein.

To evaluate the hypothesis that
changes in fitness are caused by changes
in self-reported activity, we computed
change in treadmill time for self-reported
physical activity habits during the month
before the clinical examination in the
subgroup of men who were examined
after January 1, 1987. There were 1512
men available for analysis who had two
complete examinations. A three-cat-
egory physical activity index was com-
puted for each man. Men who reported
no leisure-time physical activity received
an activity score of 0, those who played
sports or walked or ran up to 16.1 km (10
miles) a week a score of 1, and those who
walked or ran more than 16.1 km (>10
miles) a week a score of 2. The index was
computed for each of the two examina-
tions, and a change in activity score was
obtained for each subject. Average
change (adjusted for age and follow-up
interval) in treadmill test time from the
first to the subsequent examination was
8 seconds for men who had no increase
in activity, 41 seconds for men who in-
creased their activity by one category
on the physical activity index, and 93

seconds for men who had atwo-category
change in the physical activity index.
Each of these adjusted means was sig-
nificantly different from the others
(P<.001), thereby supporting our as-
sumption that change in fitness is an
overall marker for change in activity.

Mortality Surveillance

We followed up participants for mor-
tality from the second examination to
the date of death or to December 31,
1989.

Mortality follow-up was accomplished
by means of the National Death Index.
Possible decedents were identified by
the National Death Index, and this list
was reviewed by three of us (S.N.B,,
H.W.XK,, and C.E.B.). This process iden-
tified individuals from 44 states for re-
trieval of death certificates. We then
contacted the department of vital sta-
tistics in each of these states and re-
quested copies of the official death cer-
tificates. We compared information on
the death certificates with clinical rec-
ords to confirm that the death certifi-
cate pertained to that individual. The
underlying cause of death was coded by
a nosologist according to the Interna-
tional Classification of Diseases, Ninth
Edition, Revised, with CVD defined for
the analyses presented herein as codes
390 to 449.9.

Data Analysis

Previous follow-up studies of this co-
hort show that age-adjusted all-cause
mortality is substantially higher in the
first (least fit) quintile than in the sec-
ond.'? Therefore, for categoric analyses,
unfit is defined as the least fit quintile
and fit refers to all others (quintiles 2
through 5). Quintile cutoff points for each
age group were established by means of
measurements from the first examina-
tion (data not shown). Treadmill time
cutoff points and associated units of work
metabolic rate divided by resting meta-
bolic rate (METs) for the unfit category
were less than 14.0 minutes (10.0 METs)
for men aged 20 to 39 years, less than
12.0 minutes (9.2 METs) for men aged
40 to 49 years, less than 10.0 minutes
(8.4 METSs) for men aged 50 to 59 years,
and less than 6.7 minutes (7.0 METs) for
men aged 60 years and older. We also
analyzed change in fitness as a continu-
ous variable in proportional hazards re-
gression models, where change was cal-
culated for each participant by subtract-
ing the treadmill time in minutes of the
first test from that of the final test.

Kaplan-Meier® survival curves were
generated to evaluate the survival ex-
perience of initially unfit men who ei-
ther remained unfit or became fit. Mor-
tality rates were calculated for men who
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Table 1.—Baseline Characteristics From First Examination of 9777 Men, Aerobics Center Longitudinal /i

Study, 1970 Through 1989*

1.00
All Men . .
I 1 Unhealthy - Unfit — Fit
. Survivors Decedents Healthy Men Men =
Characteristic {n=9554) (n=223) {n=6819) (n=2958) 2 0.90
Age, y 43.0+8.2 51.4+104 41.7+88 46.8+9.6 '8
Weight, kg 824+11.5 81.9+122 81.7+11.1 83.7x12.3 E Unfi Unfi
Body mass index, kg/m? 25.7+3.1 25.8+3.1 25.4+3.0 26.3+34 (Eu 0.80 4 nfit = Unfit
Total cholesterol, mmol/L g '
(mg/dL) 55+13(213+50)  59+1.1(228+43) 54+14(209+54) 57=1.1(220z43) &
Resting blood pressure,
mm Hg
Systolic 120.9+13.3 127.5+16.6 1184119 12712148 0 T
Diastolic 80.3+9.3 83.6+11.6 78.7+85 84.3+10.0 0 2 4 6 8 10 12 14 16 18
Peak treadmill duration, Follow-up Interval, y
min 18.0:4.8 14.1x5.0 18.7+47 16.3:4.8
= -
METst 11,720 10.1x21 12.0£1.9 11.0x2.0 Fi 1 —Survival p h lack of
Cigarette smoking, % 165 20.2 16.4 17.1 igure 1.—Survival curves for change or ‘ack o

*Data are mean=SD.

tWork metabolic rate/resting metabolic rate; peak value achieved during the maximal exercise treadmill test.

either changed or remained unchanged
in physical fitness status as deaths per
10 000 man-years of observation. Rates
were age adjusted by the direct method
with the entire population used as the
standard. Age groups used in the ad-
justment were 20 to 39 years, 40 to 49
years, 50 to 59 years, and 60 or more
years. The RR of death for fitness and
fitness change was calculated by means
of the age-adjusted rates, with the men
unfit at both examinations as the ref-
erence category. Multivariate statisti-
cal models using proportional hazards
regression were constructed to calcu-
late adjusted RR! for both all-cause and
CVD mortality. These models included
age to the nearest year; interval be-
tween examinations in years; baseline
physical fitness level; change in fitness
level; baseline values for weight, rest-
ing systolic blood pressure, serum cho-
lesterol, fasting blood glucose, cigarette
smoking habit; and family history of coro-
nary heart disease. Furthermore, a bi-
nary variable indicating health status
(healthy or unhealthy) was added in
analyses of the total population. Data on
change in risk factors were examined in
additional models. The 95% confidence
intervals (CIs) around all point estimates
also were calculated.”

RESULTS

Results reported herein are from 9777
men with at least two complete exami-
nations during the study period.There
were 223 deaths (103 in healthy men and
120 in unhealthy men) during 47 561 man-
years of observation, and 87 deaths were
caused by CVD. Baseline characteris-
tics of survivors and decedents and for
the healthy and unhealthy subgroups at
the first examination are shown in Table
1. Because of the 8.4-year average age
difference between survivors and dece-
dents, age-adjusted data (not shown) also
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were calculated. This had little effect on
the means and SDs, although the dif-
ferences between survivors and dece-
dents narrowed slightly for all variables.
Decedents were older and less physi-
cally fit and generally had less favorable
risk profiles than survivors. There were
differences between the healthy and un-
healthy cohorts for several clinical char-
acteristics, including weight, total cho-
lesterol, and blood pressure.

Figure 1 shows survival curves for
men who were unfit at both examina-
tions and men who were unfit at the
first examination but improved to be
classified as fit at the subsequent ex-
amination. The persistently unfit men
had lower probability of survival. The
survival curves diverge continuously
throughout the 18 years of follow-up.

Age-adjusted all-cause and CVD death
rates for fitness categories are shown in
Table 2. Men who were unfit at both vis-
its had the highest death rate, men who
were fit at both visits had the lowest
death rate, and men who changed fitness
status had intermediate rates. Overall,
men who were initially unfit and became
fit had a 44% lower age-adjusted risk of
all-cause mortality (RR, 0.56;95% CI,0.41
to 0.75) and a 52% lower age-adjusted
risk of CVD mortality (RR, 0.48; 95% CI,
0.31 to 0.74) than their peers who re-
mained unfit. Because 756% to 82% of the
man-years of observation and alarge pro-
portion of deaths were in the group of
men who were fit at both examinations,
we performed additional analyses to
evaluate the possibility that there might
be a gradient of change in risk with the
amount of fitness change in the initially
fit group. Table 2 also shows the death
rates for fit men who improved from fit-
ness quintile 2 or 3 to quintile 4 or 5, and
for men who were in quintile 4 or 5 at
both examinations. Men in quintile 2 or 3
at both examinations constitute the ref-

change in physical fitness in all men. The lower line
represents survival experience in men in the least
fit quintile at both examinations; upper line, men
who were unfit at baseline but became fit (quintiles
2 through 5) by the final examination.

erence category. The men who were ini-
tially fit and further improved their fit-
ness level had a 15% lower risk of death
from all causes than men in the reference
category, whereas the men in quintiles 4
or 5 at both examinations were at the
lowest risk (RR, 0.71; 95% CI, 0.46 to
1.09). Corresponding figures for CVD
mortality were 28% lower risk for men
who improved their fitness, whereas per-
sistently highly fit men had the lowest
risk (RR, 0.48; 95% CI, 0.23 to 1.01).

We examined the relationship be-
tween fitness change groups and all-
cause mortality within specific age
groups (Figure 2). Men who were ini-
tially unfit and became fit by the sub-
sequent examination had lower death
rates than men who were unfit at both
examinations. Death rates for those who
increased their fitness ranged from 33%
lower than for those who remained unfit
in the 40- to 49-year age group to more
than 70% lower than for those who re-
mained unfit in the 20- to 39-year and
50- to 59-year age groups. Men aged 60
years and older who improved their fit-
ness had death rates 50% lower than
those of the persistently unfit men. For
each age group, men who were fit at
both examinations experienced the low-
est death rates.

Proportional hazards regression an-
alyses showed that improved physical
fitness was associated significantly with
lower adjusted risks of all-cause and
CVD mortality (Figure 3). Results are
consistent for all-cause and CVD mor-
tality, and in healthy and unhealthy men.
Changes in other risk factors did not
add significantly to the prediction of mor-
tality and thus were excluded from the
final models presented herein. After ad-
justment for potential confounders, each
minute increase in treadmill time from
the first to the subsequent visit was
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Table 2.—Continuities and Changes in Physical Fitness and Age-Adjusted, All-Cause, and Cardiovascular Disease Mortality in 9777 Men, Aerobics Center Lon-

gitudinal Study, 1970 Through 1989

Physical Fitness

Age-Adjusted 95%

[ 1 Man-Years (MY) No. of No. of Death Rate/ Relative Confidence
1st Examination 2nd Examination of Follow-up Men Deaths 10000 MY Risk Interval
. All Cause

Unfit* Unfit 2937 373 32 122.0 1.00 ...
Unfit Fitt 4054 650 25 67.7 0.56 0.41-0.75
Fit Unfit 1624 221 9 63.3 0.52 0.38-0.70
Fit Fit 38946 8533 157 39.6 0.33 0.23-0.47
Quintiles Quintiles

2-3 2-3 9759 1506 46 48.6 1.00 -

2-3 4-5 6748 1517 25 413 0.85 0.56-1.29

4-5 4-5 19713 5025 69 34.4 0.71 0.46-1.09

) Cardiovascular Disease

Unfit Unfit 2826 356 15 65.0 1.00 S
Unfit Fit 4017 638 13 31.4 0.48 0.31-0.74
Fit Unfit 1594 215 3 27.9 0.43 0.28-0.67
Fit Fit 38572 8432 56 14.2 0.22 0.12-0.39
Quintiles Quintiles

2-3 2-3 9637 1480 20 21.6 1.00 .

2-3 4-5 6667 1501 9 15.5 0.72 0.37-1.38

4-5 4-5 19560 4977 21 10.5 0.48 0.23-1.01

*Quintile 1 of age-specific fitness distribution.

tQuintiles 2 through 5 of age-specific fitness distribution.

—_
o
(=1
o

100

All-Cause Death Rates/10000 Man-Years
=

20-39

40-49
Age Group, y

50-59 60+

L Il unfit at Both Examinations B Unfit at 1st, Fit at 2nd Examination £ Fit at Both Examinations—‘

e -

Figure 2.—All-cause death rates per 10000 man-years (log scale) in 9777 men by age groups and change
or lack of change in physical fitness. Death rates are shown atop the bars and the numbers of deaths within

the bars.

associated with a reduction in risk of
mortality of 7.9% (P=.001) for all-cause
mortality and 8.6% (P=.027) for CVD
mortality in the analyses for all men
combined. A 4-minute increase in tread-
mill time with this protocol is equivalent
to an increase of approximately 2 METs
or 7.0 mL/kg per minute in maximum
oxygen consumption, a degree of im-
provement typically seen in exercise
training programs. Anincrease in tread-
mill time of 4 minutes in the current
study was associated with an estimated
reduction of approximately 30% in mor-
tality risk after other variables in the
model were taken into account.
Although the proportional hazards
analyses statistically adjusted for health
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status, subelinical disease at baseline po-
tentially might confound these results
by adversely affecting fitness and also
increasing risk of mortality. To evaluate
this possibility further, we performed
analyses on subgroups of the eohort who
died within 3 years of follow-up and com-
pared them with men who died more
than 3 years after the subsequent ex-
amination. When compared with men
who were unfit at both examinations,
the men who improved from unfit to fit
had an age-adjusted RR for all-cause
mortality of 0.67 (95% CI, 0.61 to 0.74)
in the first 3 years of follow-up and 0.38
(95% CI, 0.26 to 0.56) in the later follow-
up interval. Additional analyses were
done by constructing multivariable re-

P=.006

P=.162

Multivariate Adjusted % Reduction in Risk

All-Cause Mortality CVD Mortality

‘ Waiven B Healthy Men Unhealthy Men

Figure 3.—Adjusted percentage reduction in risk for
all-cause and cardiovascular disease (CVD) mor-
tality from proportional hazards regression analy-
ses. The bars show reduction in risk for each minute
improvement in treadmill time from the first to the
subsequent examination. Zero indicates the refer-
ence category of no change in treadmill time. Risks
were adjusted for baseline age, fitness, family his-
tory of coronary heart disease, systolic blood pres-
sure, total cholesterol level, fasting glucose level,
weight, smoking status, and interval between ex-
aminations. Analyses for all men combined were
also adjusted for health status. The numbers of
deaths per category for all men, healthy men, and
unhealthy men, respectively, were as follows: all-
cause mortality, 220, 100, and 120; and CVD mor-
tality, 85, 26, and 59.

gression models (controlling for poten-
tial confounders described above) for
each of the two follow-up intervals. The
results of these models were consistent
with a reduced risk for all-cause mor-
tality associated with improved fitness
in both follow-up periods.
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egories in men and women who had a
family history of coronary heart disease,
as well as those who did not have this
characteristic, which suggests that the
T relationship between fitness and mor-
tality is independent of parental history
of coronary heart disease.’?

Few studies on physical activity, fit-
ness, and health have been able to evalu-
ate the effect of change in the exposure
variables torisk. A report from the Har-
vard Alumni Study showed that an in-
crease in physical activity is associated
with a reduction in mortality risk dur-
ing follow-up.?’ Healthy, middle-aged,
inactive men at baseline who began to
0 participate in moderately vigorous

3.0

2.5

2.0 1

1.0

0.5

Adjusted RR for All-Cause Mortality
&
1

BMI Systolic BP Cholesterol Smoking Fitness sports had a 23% lower risk of dying
(27.0kg/m2) (140 mmHg) (6.2 mmol/L (Any Amount} (Least Fit than men who remained sedentary. Fur-
[240 mg/dL]) Quintile)

thermore, there was a graded associa-
tion of mortality risk across categories
of increases and decreases in total en-
ergy expended per week in physical ac-
tivity.2! Data from the Alameda County
Study® on change in physical activity
and mortality are consistent with the

Figure 4.—Relative risks (adjusted for age, family history of coronary heart disease, health status, baseline
values, and changes for all variables in the figure, and interval in years between examinations) of all-cause
mortality by favorable changes in risk factors between first and subsequent examinations. The analyses were
for men at risk on each particular variable at the first examination. Cutoff points designating high risk are
given parenthetically at the bottom of the figure. The number of men at high risk (and the number of deaths)
for each characteristic were as foliows: body mass index (BMI), 2691 (66); systolic biood pressure (BP), 1013

(55); cholesterol, 2212 (79); cigarette smoking, 1609 (45); and physical fitness, 1015 (56).

The proportional hazards regression
analyses also demonstrated risk reduc-
tion for other favorable lifestyle or clini-
cal status changes. Figure 4 presents
results of proportional hazards analyses
by showing adjusted RR estimates for
losing weight, lowering blood pressure,
reducing cholesterol, stopping smoking,
and improving fitness in men at risk for
each of these factors at the first exami-
nation. These RRs were adjusted for
age in years, family history of coronary
heart disease, interval between exami-
nations, and baseline and change values
of all variables in the figure. Standard
definitions for identifying high-risk sta-
tus at the baseline examination were
used for overweight (body mass in-
dex, =27.0 kg/m?), high blood pres-
sure (resting systolic blood pressure,
=140 mm Hg), and hypercholesterol-
emia (=6.2 mmol/L [=240 mg/dL]). With
the exception of weight loss, all other
presumed favorable changes were as-
sociated with reduced risk of mortality,
although the 95% CI included 1.0 for all
variables except physical fitness.

COMMENT

We observed a reduction in mortality
risk in the total population of men who
maintained or improved physical fitness.
This reduction was present in both
healthy and unhealthy men, and the re-
sults were consistent across age groups.
Changes in fitness, either an increase or
decrease, were associated with hypoth-
esized and biologically plausible changes
in risk, irrespective of the baseline fit-
ness level.

JAMA, April 12, 1995—Vol 273, No. 14

Reproduced with permission of the copyright owner.

Multivariable statistical modeling
showed that the findings were indepen-
dent of confounding by other known risk
factors. Both baseline status and changes
in risk factors were considered in the
analyses. Maximal exercise testing pro-
vides an objective assessment of physi-
cal fitness, and increases in exercise test
tolerance are caused by physiologic
changes in the oxygen supply system. It
is well established that physical fitness
increases with exercise training,’® and
although there are important individual
differences in the response to training,
only a minority of individuals are com-
pletely unresponsive. We therefore as-
sume that the changes in fitness reported
herein are the result of a more physi-
cally active way of life, and analyses in
this cohort show significant increases in
treadmill test time in men who increase
their activity.

Heredity is a possible explanation for
the higher death rates in unfit individu-
als. There is a genetic contribution to
aerobic power, estimated to be in the
range of 25% to 40%."° Data presented
in the current study do not support the
hypothesis that hereditary factors are
solely responsible for the relationship
between fitness and mortality. Men who
were unfit at their initial examination
but who became fit by the time of their
subsequent examination had a 44% re-
duction in risk of mortality during follow-
up compared with similar unfit men who
did not improve; this association is un-
likely to result from heredity. In a pre-
vious report, we showed an inverse gra-
dient of death rates across fitness cat-

Harvard Alumni Study, and results in
each of these studies remained after ad-
justment for several potential confound-
ing variables.

When coronary heart disease mortal-
ity was considered in the Harvard
Alumni Study, the size of the risk re-
duction associated with increased physi-
cal activity was equivalent to that as-
sociated with other favorable changes,
such as stopping smoking and avoiding
obesity and hypertension.® For example,
men who stopped smoking reduced their
risk by 44% relative to men who con-
tinued to smoke, and men who started
amoderately vigorous exereise program
reduced their risk by 41% compared with
the men who remained sedentary. Men
in the Aerobics Center Longitudinal
Study who improved their fitness had a
64% reduction in risk of death (Figure 4)
compared with men who stayed unfit.
This reduction in mortality risk was
greater than for any of the other risk
characteristics and was the only statis-
tically significant reduction in multivar-
iate analyses.

The results of this investigation are
consistent with biological plausibility.
Increased levels of physical activity and
fitness are hypothesized to act through
beneficial fibrinolytic, hemodynamie,
blood chemistry, blood pressure, and
electrical changes to the cardiovascular
system.? Presumably, such changes
were enhanced among those participants
who improved their physical fitness.

This study has limitations in that the
population was predominantly white
men from middle to upper socioeconomic
strata, and these factors limit the gen-
eralizability of the findings. However,
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the internal validity of the study is not
affected by the nature of the population.
Strengths of the study include an ob-
jective assessment of physical fitness,
and the thorough evaluations at the two
clinical examinations provide extensive
data on health status, health behaviors,
and other risk factors, thus allowing for
control of many potentially confounding
variables.

Results presented herein show the ef-
fect of changes in physical fitness on mor-
tality and provide additional support for
the hypothesis that an active and fit way
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