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We studied physical fitness and risk of all-cause and cause-specific mortality in
10 224 men and 3120 women who were given a preventive medical examination.
Physical fitness was measured by a maximal treadmill exercise test. Average
“ follow-up was slightly more than 8 years, for a total of 110 482 person-years of
observation. There were 240 deaths in men and 43 deaths in women. Age-
adjusted all-cause mortality rates declined across physical fithess quintiles from
64.0 per 10 000 person-years in the least-fit men to 18.6 per 10 000 person-years
in the most-fit men (slope, —4.5). Corresponding values for women were 39.5
per 10 000 person-years to 8.5 per 10 000 person-years (slope, —5.5). These
trends remained after statistical adjustment for age, smoking habit, cholesterol
level, systolic blood pressure, fasting blood glucose level, parental history of
coronary heart disease, and follow-up interval. Lower mortality rates in higher
fitness categories also were seen for cardiovascular disease and cancer of
combined sites. Attributable risk estimates for all-cause mortality indicated that
low physical fitness was an important risk factor in both men and women. Higher
levels of physical fithess appear to delay all-cause mortality primarily due to

lowered rates of cardiovascular disease and cancer.

PHYSICAL activity is inversely associ-
ated with morbidity and mortality from
several chronic diseases. The apparent-
ly protective effect of a more active life
is seen for occupational activity and
death from cardiovascular disease' and
colon cancer,’ and for leisure-time phys-
ical activity and cardiovascular dis-
ease.”® Higher levels of leisure-time
physical activity are associated with in-
creased longevity in college alumni.’
These associations of sedentary habits
to health appear to be independent of
confounding by other well-established

For editorial comment see p 2437.

risk factors.” Furthermore, the rela-
tionship of physical fitness (an attri-
bute) to physical activity (a behavior)
and disease rates is controversial,*’ and
it is uncertain whether physical activity
sufficient to increase physical fitness is
required for health benefits.

In contrast to physical activity, pub-
lished studies on physical fitness and
mortality are few, typically with fewer
than 20 000 person-years of follow-up,
and usually limited to men. Physical ac-
tivity is an important determinant of
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physical fitness®; so to some extent, fit-
ness is an objective marker for habitual
physical activity. Physical fitness can be
measured more objectively than physi-
cal activity, and thus may be more use-
ful clinically. Research studies that in-
clude the measurement of physical
fitness may provide additional insight
into the contribution of a physically ac-
tive way of life to decreased risk of mor-
bidity and mortality.

Here, we report all-cause and cause-
specific mortality by physical fitness
categories in men and women followed
up for 110 482 person-years, or an aver-
age of more than 8 years.

SUBJECTS AND METHODS
Subjects

The 13 344 study participants com-
prised 10 224 men and 3120 women who
received a preventive medical examina-
tion at the Cooper Clinic in Dallas, Tex,
during 1970 to 1981. Patients were in-
cluded in the study if they were resi-
dents of the United States at their first
clinic visit, had a complete examination,
and achieved at least 85% of their age-
predicted maximal heart rate on a
treadmill exercise test at the baseline
clinic visit. Patients not achieving this
maximal heart rate standard were pre-
sumed to be more likely to have preex-
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isting disease or be receiving medica-
tion with B-blockers. These conditions
would be associated with poorer tread-
mill test performance and higher risk of
death during follow-up. Thus, excluding
patients with these characteristics is a
conservative decision that reduces the
chance of finding a spurious inverse re-
lationship between fitness and mortal-
ity. At baseline, all patients had no
personal history of heart attack, hyper-
tension, stroke, or diabetes; no resting
electrocardiographic (ECG) abnormali-
ties; and no abnormal responses on the
exercise ECG.

Clinical Examination

The baseline examination was given
after an overnight fast of at least 12
hours and after patients gave their in-
formed consent. The examination was a
complete preventive medical evaluation
that included a personal and family
health history, a physical examination,
a questionnaire on demographic charac-
teristics and health habits, anthropome-
try, resting ECG, blood chemistry
tests, blood pressures, and a maximal
treadmill exercise test. Examination
methods and procedures followed a
standard manual of operations and have
been described further in earlier re-
ports.™ All patients were free of
known chronie disease as determined by
the following criteria: no personal his-
tory of heart attack, hypertension,
stroke, or diabetes; no resting ECG ab-
normalities; and no abnormal responses
on the exercise ECG.

Physical fitness was measured by a
maximal treadmill exercise test.®
Treadmill speed was set initially at
88 m/min. The grade was 0% for the first
minute, 2% the second minute, and in-
creased 1% each minute until 25 min-
utes. After 25 minutes, the grade did
not change and speed was increased
5.4 m/min each minute until test termi-
nation. Patients were given encourage-
ment to give maximal effort. Total
treadmill test time in seconds was the
variable used in analysis. Treadmill
time from this protocol is highly corre-
lated with measured maximal oxygen
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uptake in men" (r=.92) and women®
(r=.94), which is the most widely
accepted index of cardiorespiratory fit-
ness.

Patients were assigned to physical
fitness categories based on their age,
sex, and maximal time on the treadmill
test. Treadmill-time quintiles were de-
termined for each age and sex group.
Individuals with a treadmill time in the
first quintile were assigned to the low-
fit group. Those with scores in the sec-
ond through the fifth quintiles consti-
tuted fitness groups 2 through 5,
respectively. Thus, assignment to a fit-
ness category was based on age and sex
norms of treadmill performance rather
than by an absolute fitness standard.
(Treadmill-time quintile cutoff points
for each age group for men and women
may be obtained from us.)

Cigarette-smoking status was deter-
mined from the medical questionnaire.
Patients who reported smoking at pre-
sent or within the 2 years preceding the
baseline examination were designated
as current smokers. This conservative
definition for smoking was adopted be-
cause many smokers may have quit tem-
porarily in preparation for their preven-
tive medical examination, and mortality
risk for recent quitters is similar to con-
tinuing smokers.”® Results from the
smoking analyses were essentially un-
changed when current smoking was de-
fined as cigarette smoking at baseline or
during the year preceding the exami-
nation.

Height and weight were measured on
a standard physician’s scale, and body
mass index was calculated (kilograms
per meter squared). Blood pressure was
measured by the auscultatory method
with a mercury sphygmomanometer,
diastolic pressure being recorded as the
disappearance of sound. Serum samples
were analyzed for cholesterol and glu-
cose by automated techniques.

Mortality Surveillance

Study subjects were followed up for
mortality from their first elinic visit
through 1985. The average length of fol-
low-up was slightly more than 8 years,
and the total follow-up experience for
the cohort was 110482 person-years.
Several follow-up methods were used.
Decedents were identified by reports
from family, friends, and business asso-
ciates; responses to appointment re-
minders; and other mailings from the
clinic. The entire cohort was sent a case-
finding and disease-identifying ques-
tionnaire in 1982." Nonrespondents
were followed-up via the Social Security
Administration files, the Department of
Motor Vehicles in the subject’s state of
residence, and a nationwide credit bu-
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Table 1.—Baseline Characteristics of Surviving and Deceased Male and Female Patients, Aerobics Center

Longitudinal Study, 1970 to 1981

Men Women
Surviving Deceased Surviving Deceased
{n=9984) (n=240) (n=3077) (n=43)
X SD X SD X SD X SD
Age,y 415 9.3 498 11.6 40.8 8.9 51.7 145
(95% confidence limits) 41.3,41.7) (48.3,51.3) (40.4, 41.1) (47.4, 56.0)
Weight, kg 81.9 121 83.2 13.3 59.9 10.2 60.7 9.4
(95% confidence limits) (81.7,82.1) (81.5,84.9) {59.5, 60.3) (57.9, 63.5)
Height, cm 178.8 63 180.1 221 164.3 5.6 164.1 56
(95% confidence limits) (178.7, 178.9) (177.3, 182.9) (164.1, 165.0) {162.4, 165.8)
Body mass index 25.6 33 25.8 34 222 3.5 232 37
(95% confidence limits) (25.5,25.7) (25.4, 26.2) (22.1,22.3) (22.1,24.3)
Treadmill time, s 1017 281 811 354 691 240 489 250
(95% confidence limits) (1011, 1022) {766, 856) (682, 699) (414, 564)
Follow-up, y 8.4 29 6.5 4.0 8.2 2.9 6.5 38
(95% confidence limits) (8.3,8.5) (6.0,7.0) {8.1,8.3) (5.4,7.6)
Total cholesterol level, mmol/L 5.45 1.0 6.05 1.20 5.20 0.95 6.05 1.0
(95% confidence limits) (5.43,5.47) (5.90, 6.20) {5.17,5.23) (5.7,6.3)
Systolic blood pressure, mm Hg 120.4 13.1 1261 17.1 112.2 14.0 1241 19.5
(95% confidence fimits) {120.1, 120.6) (124.0, 128.3) (111.7,112.7) (118.3, 129.9)
Diastolic blood pressure, mm Hg 79.7 9.t 82.4 11.2 745 9.1 792 9.4
(95% confidence limits) (79.5,79.9) (81.0, 83.8) (74.2, 74.8) (76.4, 82.0)
Current smoker, % 285 475 21.2 32.6

reau network. The National Death In-
dex has been used since it was estab-
lished in 1979 to search for possible
matches in this eohort. Finally, individ-
uals with unknown vital status and with
a Dallas-area address were checked in
local telephone directories. Follow-up
has been difficult since patients come
from all 50 states and are mobile and
since a significant portion of the follow-
up occurred prior to the establishment
of the National Death Index. Despite
these limitations, vital status has been
ascertained for 95% of the cohort.

There have been 283 deaths in the
study group. Official death certificates
were obtained from the states. The un-
derlying cause and up to four contribut-
ing causes of death were coded by a
nosologist according to the Internation-
al Classification of Diseases, Ninth
Edition, Revised.

Data Analysis

A total of 283 deaths were identified
in the cohort over the average of ap-
proximately 8 years of follow-up. Mor-
tality rates per 10 000 person-years of
follow-up were computed for each of the
five fitness categories and age-adjusted
by the direct method, using the total
experience in the population as the stan-
dard. Age differences were adjusted by
the following groupings: 20 to 39, 40 to
49, 50 to 59, and 60 or more years. These
rates were then used to compute rela-
tive risks (RR) of death for each fitness
quintile as well as for examination of the
role other variables played in confound-
ing the relationship between fitness and
mortality. Attributable risk percent-
ages (etiologic fractions) for those
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groups exposed to adverse characteris-
ties were calculated as were population-
based estimates of attributable risks."

Multiple logistic regression was used
to estimate RRs of death among the
fitness quintiles after control for associ-
ated confounding risk factors." Interval
estimation was used to calculate confi-
dence intervals (ClIs) around point esti-
mates of risk.

RESULTS

Patients in this study are from middle
to upper socioeconomic strata; approxi-
mately 70% are college graduates. Most
are employed in professional, execu-
tive, or white-collar positions. More
than 99% are white. Baseline character-
isties on selected demographic and clini-
cal variables are shown in Table 1. Dece-
dents were somewhat older, less
physically fit, and had less favorable
risk profiles.

Table 2 shows the age-adjusted all-
cause death rates by physical fitness
categories in men and women. Relative
risks of death with the 95% Cls are
shown with the most-fit quintile as the
reference category. Less-fit individuals
had a higher risk of death than the more-
fit men and women. Increased RR for
all-cause mortality was significantly
higher for the least-fit quintile in men,
and for the two least-fit quintiles in
women. The 95% Cls for the test for
linear trend across fitness categories
did not include 1.0 in either men or
women.

Univariate age-adjusted RR for all-
cause mortality for several important
clinical and life-style variables for men
and women are presented in Table 3.
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Tabie 2.—Age-Adjusted All-Cause Death Rates per 10000 Person-Years of Follow-up {1970 to 1985) by
Physical Fitness Groups in Men and Women in the Aerobics Center Longitudinal Study

- _____________________________________] 1000 PN
Age-Adjusted 95% ® .\ 50-59y o
Fitness Person-Years No. of Rates per 10000 Relative Confidence B & D 40-49y &
Group of Follow-up Deaths Person-Years Risk Limits % L \, 20-39y 2
o 100 \'\
Men %5 .
1 (low) 14515 75 64.0 3.44* 2.05,5.77 T a I, S S
29 “ T~
2 16898 40 25.5 1.37 0.76, 2.50 3% 1ol \/a—-_u-—-a
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Table 3.—Relative Risk for All-Cause Mortality for Selected Clinical and Life-style Variables, Men and 1 2 3 4 5
Women in the Aerobics Center Longitudinal Study Fitness Categories

95%
Prevalence in Relative Confidence
Variable Person-Years, % Risk Limits

Fig 1.—Age-specific, all-cause death rates per
Men 10000 person-years of follow-up in 10 224 men

Serum cholesterol level =6.20 mmol/L 19.4 221 1.72, 2.85 (top) and 3120 women (bottom) in the Aerobics
Systolic blood pressure =140 mm Hg 6.9 1.74 1.20, 2.52 Center Longitudinal Study, by physical fitness quin-
Body mass index =27.2 228 085 062, 1.17 :gests:s determined by maximal treadmill exercise
Current smoker or quit in past 2 y 27.5 2.60 2.03,3.33
Either parent died of coronary heart disease 20.0 1.60 1.16,2.20
Serum glucose level =6.7 mmol/L 49 274 1.93,3.89 subgroups as follows: the first 3 years of
Women follow-up and for extended follow-up af-
Serum cholesterol level =6.20 mmol/L 1.2 2.69 1.50, 4.84 ter 3 years. The dependent measure
Systolic blood pressure =140 mm Hg 3.9 3.24 1.52, 6.89 was an_cause mortality' Low ﬁtness
Body mass index =26.9 66 1.84 0.80, 4.25 again was defined as the first quintile of
Current smoker or quit in past2 y 216 2.08 1.10, 3.91 the ﬁtness distribution_ Other indepen_
Either parent died of coronary heart disease 19.5 1.50 0.72,3.14 dent variables in the ana]yses were
Serum glucose level =6.7 mmol/L 1.4 373 1.29,10.75 those in Table 3’ to contro] for possible

The findings show an increased risk, as
expected, for all variables except body
mass index, which shows a trend in the
expected direction only in women.
Multiple logistic analyses were done
to estimate RR of death in the fitness
categories while adjusting for potential
confounding. The dependent measure
was all-cause mortality and the model
included physical fitness and all vari-
ables in Table 3. All variables were in-
cluded, although overweight for height
in both men and women and parental
history of coronary heart disease (CHD)
in women were not statistically signifi-
cantly associated with mortality in uni-
variate analyses. The RRs (95% CI) of
low physical fitness for all-cause mortal-
ity for each quintile (Q1 to Q4) compared
with the most-fit quintile were as fol-
lows: Q1=1.53 (1.23 to 1.89), Q2=1.03
(0.81 to 1.30), Q3=1.12 (0.89 to 1.40),
and Q4 =1.03 (0.81 to 1.28) for men; and
Q1=1.98 (1.13 to 3.47), Q2=1.45 (0.80
to 2.62), Q3=1.07 (0.55 to 2.09), and
Q4=1.07 (0.55 to 2.23) for women. A
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more pronounced dose-response gradi-
ent was seen when length of follow-up
(as a continuous variable) was added to
the model. Relative risks (95% CI) for
the four less-fit quintiles relative to the
most-fit quintile were as follows:
Q1=1.82(1.38t02.40),Q2=1.33(1.0to
1.78), Q3=1.29 (0.97 to 1.71), and
Q4=1.06 (0.78 to 1.44) for men; and
Q1=3.92(1.39t0 11.04), Q2=3.01 (1.05
to 8.65), Q@3=2.06 (0.66 to 6.22), and
Q4 =1.55 (0.49 to 4.91) for women. Sev-
eral interaction terms among the inde-
pendent variables were tested, and the
assumption of no interaction on a multi-
plicative scale was not violated.
Subclinical disease could cause poor
performance on the treadmill and also
lead to elevated death rates in patients
presumed to be healthy at baseline.
Mortality rates in both short- and long-
term follow-up were examined to test
the hypothesis that preexisting disease
was confounding the relationship be-
tween fitness and mortality. Logistic
regression analyses were done for two
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confounding. Adjusted RRs for all-
cause mortality in low-fit men were as
follows: follow-up less than or equal to 3
years, 1.60 (95% CI, 1.18 to 2.16); and
follow-up greater than 3 years, 1.45
(95% CI, 1.08 to 1.96). Corresponding
values for women were as follows: less
than or equal to 3 years, 1.47 (95% CI,
0.74 to 2.94); and greater than 3 years,
3.00 (95% CI, 1.06 to 8.51). The elevated
RR in later follow-up suggests that the
relationship between fitness and mor-
tality is not likely to be due entirely to
confounding by subclinical disease.
Age-specific, all-cause mortality
rates across fitness categories are
shown in Fig 1. The upper panel pre-
sents data for men, and the lower, for
women. In both analyses, the decline in
death rates with higher levels of fitness
is more pronounced in the older individ-
uals. The small number of deaths in the
younger women leads to unstable esti-
mates of the death rate in this group.
Table 4 shows cause-specific death
rates by fitness categories in men and
women. The fitness quintiles were col-
lapsed into three groups for these ana-
lyses due to smaller numbers of deaths
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Table 4. —Age-Adjusted Cause-Specific Death Rates per 10000 Person-Years of Follow-up (1970 to 1985) by Physical Fitness Groups in Men and Women in the
Aerobics Center Longitudinal Study

Age-Adjusted Death Rates
per 10000 Py'son-Years
Fltness‘Groups Trend (Linear)
Underlying Cause of Death* N % of Total 1 2to3 4to5 Slope 95% Confidence interval
Men
All-causes 240 100 64.0 26.3 20.3 -105 —15.8, —-5.2
Cardiovascular disease -88, -33
(/CD-9, 390-448) 66 27.5 246 78 3.1 —-6.0
Cancer
(ICD-9, 140-208) 64 26.7 203 7.3 4.7 -35 -6.2, -0.7
Accidents/external -16, 24
{/CD-9, 800-999) 44 18.3 4.8 58 54 -04
Al other (specified) 46 19.2 11.0 3.7 55 0.1 -22, 2§
All other (nonspecified) 20 8.3 8.7 13 1.7 —-04 -20, 12
Women
All-causes 43 100 395 16.4 74 -11.6 -18.7, —4.6
Cardiovascular disease
(/CD-9, 390-448) 7 16.3 7.4 29 0.8 -23 -51, 05
Cancer
(/CD-9, 140-208) 18 41.9 16.3 9.7 1.0 -7.5 —11.8, -3.3
Accidents/external
(fCD-9, 800-999) 5 116 3.9 1.0 1.8 -0.1 -30, 26
All other (specified) 7 16.3 7.9 0.9 1.9 -04 -33, 25
All other (nonspecified) 6 14.0 5.2 20 0.8 -13 -37, 11
*Coded from official death certificates by International Classification of Diseases, Ninth Edition, Revised, (ICD-9).
A Cc
3474
10 R 434 10
T g No.of Deaths . T 8 No. of Deaths
4 [4 /370 / T [1/72/0/
3 Vava vl 3 6 (T T3]
% (878757 2 & ALV VA Y
5 4 2 2 ¢
< B 3
c 2 9 £ o
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: >6.6
7 Blood Glucose
/' 8 £120-140 Blood Pressure, ooty

0 0 2888 | ovel, mmotiL
<120 mmHg
1 /2837485,
Fitness Category Fitness Category
E F
74 4
10 EiIRR=13.1 10 07 o
[ No.ofDeaths _ g ’ No.ofDeaths & g/ .; No. of Deaths
% /87673 / ' M77 74/ % VALY ALY W4
T /372737 3 & ; /576737 & ¢ (373727
2 /678737 & = (2747 1/ 2 — =
s 2 a ‘ 8 4 - ,
* 3 107 £/ b
e 2 2 9 4 1 Family Hi
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Fig 2.—Relative risks of all-cause mortality in 3120 women in the Aerobics Center Longitudinal Study, by
physical fitness categories and blood pressure (A), serum cholesterol level (B), serum glucose level (C),
smoking habits (D), body mass index (E), and parental history of coronary heart disease (F). Each bar
represents the relative risk based on age-adjusted, all-cause death rates per 10 000 person-years of follow-
up, with the relative risk of the front-right cell set at 1.0. Numbers ontop of the bars are the all-cause death rates
per 10 000 person-years of follow-up for each cell. The number of deaths in each cell is shown in the
parallelograms.

in the specific causes. There are few

deaths for the specific causes in women,
which leads to unstable estimates of
rates; these results should be inter-
preted cautiously. Death rates for car-
diovascular disease and cancer show a
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strong gradient across fitness groups in
both men and women, while noneis seen
for other causes of death.

The RRs for all-cause mortality by
cross-tabulations of fitness groups and
other clinical and life-style variables are

JAMA, November 3, 1989—Vol 262, No. 17
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presented in Figs 2 and 3. In these ste-
reograms, the back-left cell shows the
RR for the presumed highest-risk
group (eg, low fit and high systolic blood
pressure). The lowest-risk group (refer-
ent) is in the front-right cell of the fig-
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Fig 3.—Relative risks of all-cause mortality in 10 224 men in the Aerobics Center Longitudinal Study, by
physical fitness categories and blood pressure (A), serum cholesterol level (B), serum glucose fevel (C),
smoking habits (D), body mass index (E), and parental history of coronary heart disease (F). Each bar
represents the relative risk based on age-adjusted all-cause death rates per 10 000 person-years of follow-up,
with the relative risk of the front-right cell set at 1.0. Numbers on top of the bars are the all-cause death rates
per 10000 person-years of follow-up for each cell. The number of deaths in each cell is shown in the

parallelograms.

ures. Cutoff points for the clinical and
behavioral risk factors in these analyses
were established somewhat arbitrarily,
so0 as to provide an adequate number of
person-years in each cell for analysis.
Increased risk of death in low-fit men
and women is clearly illustrated in these
stereograms, and this pattern generally
holds across risk strata for the other
variables. In several cases, notably ste-
reograms for men on blood pressure and
cholesterol level, high-fit patients at the
highest level of either blood pressure or
cholesterol have a lower risk than unfit
patients with low blood pressure or cho-
lesterol level. For example, fit but hy-
percholesterolemic men have double
the risk (death rate of 27 per 10000
person-years compared with 14 per
10 000 person-years) of the fit men with
lower cholesterol levels, but these fit,
hypercholesterolemic men have only a
little more than one third the risk (death
rate of 27 per 10 000 person-years com-
pared with 68 per 10 000 person-years)
of unfit men with low cholesterol levels.
The various analyses presented thus
far were based on physical fitness
quintiles. To present the results in a
more clinically useful format, all-cause
death rates calculated by metabolic
equivalents (MET) and maximal oxygen
uptake values are shown in Fig 4. The
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MET values are multiples of resting
metabolic rate (work metabolic rate/
resting metabolic rate). One MET
is equal to an oxygen uptake of
3.5mL kg™ -min~". In Fig4, METs and
maximal oxygen uptake values are esti-
mated maximal scores achieved during
the maximal treadmill test. Age-adjust-
ed mortality rates for men and women
are shown. Perhaps the asymptote is a
reasonable value to establish an optimal
physical fitness level, which occurs in
these data at approximately 9 METs
(82.5 mL -kg™ -min~") in women and 10
METs (35 mL kg™ -min"") in men. We
calculated age-specific, all-cause death
rates for men and women across MET
categories (not shown). The rates, espe-
cially for women, were unstable, pre-
sumable due to small numbers in several
cells. Although interpretation of these
data is difficult and risky, it appears
that the asymptote occurs at approxi-
mately the same point for each age, 9
METSs for women and 10 METs for men.

The results presented here support
the hypothesis that a low level of physi-
cal fitness is an important risk factor for
all-cause mortality in both men and
women. The relative importance of low
fitness level and other characteristics
for risk of death for exposed individuals
and from a population-disease-burden

Physical Fitness and Mortality —Blair et al
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Fig 4.—Age-adjusted, all-cause moriality rates per
10 000 person-years of follow-up by physical fitness
categories in 3120 women and 10224 men in the
Aerobics Center Longitudinal Study. Physical fit-
ness categories are expressed here as maximal
metabolic equivalents (work metabolic rate/resting
metabolic rate) achieved during the maximat tread-
mill exercise test. One metabolic equivalent equals
3.5mL kg™ ' -min~". The estimated maximal oxygen
uptake for each category is shown also.

perspective is seen in Table 5. In these
analyses, low fitness level (least-fit
quintile) is compared with the top four
quintiles. The individual attributable
risk of a characteristic depends on both
the RR and the prevalence of the char-
acteristic. The individual attributable
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Table 5.—Individual and Population Attributable Risks of All-Cause Mortality for Selected Characteristics, Men and Women in the Aerobics Center Longitudinal

Study
Prevalence in Relative Risk Attributable Risk,* %
Person-Years, (95% Confidence s A >
Characteristic % Limits) Individual Population
Men
Lowest fitness quintile compared with all others 171 1.58 (1.32, 1.89) 36.7 9.0
Current smoker or quit in past 2 y 27.5 1.08 (0.90, 1.28) 7.4 21
Serum cholesterol level =6.20 mmol/l. 19.4 1.65 (1.39,1.97) 39.3 1.2
Systolic blood pressure =140 mm Hg 6.9 1.36 (1.05, t.77) 26.5 24
Either parent died of coronary heart disease 20.0 1.56 (1.26, 1.92) 35.8 10.1
Serum glucose level =6.7 mmol/L 4.9 1.58 (1.21, 2.08) 36.7 2.8
Women
Lowest fitness quintile compared with all others 19.3 1.94 (1.30, 2.88) 48.4 15.3
Current smoker or quit in past 2 y 216 1.13 {0.84, 1.84) 115 27
Serum cholesterol levet =6.20 mmol/L 11.2 1.68 (1.09, 2.60) 40.5 71
Systolic blood pressure =140 mm Hg 39 223 (1.27,3.90) 55.1 4.6
Either parent died of coronary heart disease 19.6 1.14 (0.73, 1.77) 123 27
Serum glucose level =6.7 mmol/L 14 3.31 (1.63,6.72) 69.8 31

*Adjusted for age and other characteristics in the table

risks in Table 5 show the estimated ben-
efit for individuals who might change a
characteristic from a high-risk to a low-
risk category. For example, a man with
high cholesterol level might reduce his
risk by 39% if he lowered it. An unfit
woman might reduce her risk of dying
by almost 50% if she became fit.

The population-attributable risks
show the percentage of deaths in the
study group that might have been pre-
vented if beneficial changes in the popu-
lation occurred for each characteristic.
If all unfit persons became fit, reduc-
tions in death rates of 9.0% in men and
15.3% in women might be expected.

COMMENT

The results presented herein show a
strong and graded association between
physical fitness and mortality due to all
causes, cardiovascular disease, and can-
cer. The findings are consistent for men
and women and hold after adjustment
for age, serum cholesterol level, blood
pressure, smoking habit, fasting blood
glucose level, family history of CHD,
and length of follow-up. Strengths of the
study are a maximal exercise test, par-
ticipants free of known chronic disease
at baseline, wide range of physical fit-
ness, objective end points (mortality), a
large sample (13 344 men and women)
with extensive follow-up experience
(85 049 person-years of observation for
men and 25 433 for women), and a large
enough sample of women to permit
meaningful analyses. We believe that
this is the only study of physical fitness
and health that meets all these criteria.

Cardiovascular Disease

There are four published studies on
low physical fitness and increased risk
of fatal and nonfatal CHD in men®Z and
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five on fatal CHD.** It is difficult to
compare results among studies due to
different methods and definitions of un-
fit groups, but the RR of fatal and nonfa-
tal CHD in unfit men is approximately
2.0 in the various studies.®” These re-
sults generally hold in multivariate ana-
lyses with adjustment for confounders.
Studies on fitness and fatal CHD show a
range of RR from 1.4 to approximately
5.0 when comparing least-fit to most-fit
men.”” The age-adjusted RR for car-
diovascular disease death in our study
was approximately 8.0 in both men and
women (Table 4) when the least-fit quin-
tile was compared with quintiles 4 and 5.
This value is somewhat higher than the
results of Lie et al® (RR=4.8), and is
considerably greater than the findings
of Slattery and Jacobs® (RR =1.5). Our
results are comparable with the results
of Ekelund et al” for cardiovascular dis-
ease death (RR =8.5) in men.

The RRs reported here are higher
than the average RR in studies of physi-
cal activity and CHD (approximately
2.0 as calculated by Powell et al’). The
high RR for low-fitness and all-cause,
cardiovascular disease, and cancer mor-
tality in our study may be related to the
objective measurement of fitness af-
forded by the treadmill tests. Perhaps
physical activity has a stronger rela-
tionship with mortality than has been
detected by present methods of activity
assessment, but is reflected by the ob-
jective physical fitness measure.

Physical fitness and CHD in women
has not been thoroughly studied. The
studies on physical activity and CHD in
women are conflicting, with approxi-
mately 50% showing no advantage in
the active group.” Many of the physical
activity questionnaires used in epidemi-
ologic studies were developed and vali-
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dated primarily on men, Many women
may undertake considerable physical
activity in child care and household ac-
tivities. If previous questionnaires mis-
classify more women than men on physi-
cal activity, studies on sedentary habits
and disease in women would be more
likely to show no association. The objec-
tive measure of physical fitness shows
similar associations to disease in women
and men in the present study.

All-Cause Mortality

All-cause mortality rates show a
strong inverse association across fitness
groups in both men and women in the
present study. The RRs for the least-fit
quintile compared with the most-fit
quintile were 3.44 in men and 4.65 in
women. The major reduction in all-
cause death rates in our study occurs
between the first and second quintile.
There is some further decline, especial-
ly in women in the middle part of the
fitness distribution, and only marginal-
ly continued reduction in death rates in
the most-fit individuals. This finding
has clinical and public health impor-
tance. The MET values (Fig 4) associat-
ed with a plateau in death rates are
attainable by most men and women who
engage regularly in moderate exercise.
A brisk walk of 30 to 60 minutes each
day will be sufficient to produce the fit-
ness standard (9 METs for women and
10 METSs for men)illustrated in Fig 4 for
most men and women. These findings
are also important from a public health
perspective; approximately 30% of US
adults are quite sedentary,” and the
prevalence of low fitness levels is corre-
spondingly high.

Other possible confounders must be
considered. Subclinical disease at the
baseline examination could negatively
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affect treadmill performance and in-
crease risk of dying during follow-up. It
seems unlikely that this could account
entirely for the relationship between
fitness and mortality since early and
late follow-up analyses gave similar re-
sults. The possibility of undetected seri-
ous disease in the cohort at baseline is
diminished by having the results of the
maximal exercise test. Patients who did
not achieve at least 85% of their pre-
dicted maximal heart rate were exclud-
ed from this analysis, as were patients
who had an abnormal exercise ECG.
The strong dose-response gradient also
supports a causal inference.

There are several possible biologic
mechanisms to account for reduced
mortality risk in fit individuals. High
physical fitness is associated with sev-
eral important metabolic and hemato-
logic variables, and these issues are dis-
cussed in some detail by Ekelund et al.*
There probably are beneficial indirect
effects of fitness on mortality risk; in
addition, there may be important direct
effects on the myocardium. For exam-
ple, a fit individual has better left ven-
tricular function and is perhaps better
able to survive a myocardial infarction.

Physical fitness at baseline was objec-
tively measured by a maximal exercise
test. Change in fitness after baseline
produces misclassification during fol-
low-up, but this weakens the relation-
ship between fitness and mortality rath-
er than strengthening it.

Physical fitness has both genetic and
environmental determinants. It is well
established that exercise training im-
proves physical fitness, typically by
15% to 20% in middle-aged men and
women.” Earlier reports suggested in
1971 that approximately 90% of the in-
terindividual variation in maximal aero-
bic power could be explained by hered-
ity,® but more recent studies place the
genetic component at approximately
30%.% Athletes presumably have genet-
ic advantages in terms of physical fit-
ness. However, Paffenbarger et al‘ re-
ported that it is physical activity as an
adult, not college athleticism, that is
associated with a reduced risk of death
in Harvard alumni. Many other CHD
risk factors have a genetic component
but this does not alter their validity or
causal influence.

The representativeness of our popu-
lation must be considered. These pa-
tients are relatively well educated and
come from middle and upper socioeco-
nomic strata. On key clinical variables
such as serum cholesterol levels, tri-
glyceride levels, and blood pressure,
however, they are quite similar to the
participants of other large epidemiolog-
ic studies such as the Lipid Research
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Clinics Prevalence Study and surveys
done by the National Center for Health
Statistics.® Nonetheless, our results
must be generalized with caution.

In summary, the results reported
here show a strong, graded, and consis-
tent inverse relationship between phys-
ical fitness and mortality in men and
women. The findings seem not to be due
to confounding by age or other risk fac-
tors. Moderate levels of physical fitness
that are attainable by most adults ap-
pear to be protective against early mor-
tality. The specificity of this effect is
evidence that it is largely limited to re-
duced rates of cardiovascular disease
and cancer deaths in the more-fit men
and women. The strength of the associa-
tions and the high prevalence of seden-
tary habits and low physical fitness lev-
els produce high attributable risk
estimates and suggest that these char-
acteristics constitute an important pub-
lic health problem that deserves reme-
dial attention.
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