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Fitness versus Physical Activity Patterns in
Predicting Mortality in Men
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URPOSE: To compare the contributions of fitness level and
hysical activity patterns to all-cause mortality.
ETHODS: Of 6213 men referred for exercise testing between

987 and 2000, 842 underwent an assessment of adulthood ac-
ivity patterns. The predictive power of exercise capacity and
ctivity patterns, along with clinical and exercise test data, were
ssessed for all-cause mortality during a mean (�SD) follow-up
f 5.5 � 2 years.
ESULTS: Expressing the data by age-adjusted quartiles, ex-
rcise capacity was a stronger predictor of mortality than was
ctivity pattern (hazard ratio [HR] � 0.56; 95% confidence
nterval [CI]: 0.38 to 0.83; P � 0.001). In a multivariate anal-
sis that considered clinical characteristics, risk factors, ex-
rcise test data, and activity patterns, exercise capacity (HR
er quartile � 0.62; CI: 0.47 to 0.82; P � 0.001) and energy
xpenditure from adulthood recreational activity (HR per
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nly significant predictors of mortality; these two variables
ere stronger predictors than established risk factors such as

moking, hypertension, obesity, and diabetes. Age-adjusted
ortality decreased per quartile increase in exercise capacity

HR for very low capacity � 1.0; HR for low � 0.59; HR for
oderate � 0.46; HR for high � 0.28; P � 0.001) and phys-

cal activity (HR for very low activity � 1.0; HR for low �
.63; HR for moderate � 0.42; HR for high � 0.38; P �
.001). A 1000-kcal/wk increase in activity was approxi-
ately similar to a 1 metabolic equivalent increase in fitness;

oth conferred a mortality benefit of 20%.
ONCLUSION: Exercise capacity determined from exercise

esting and energy expenditure from weekly activity outperform
ther clinical and exercise test variables in predicting all-cause
ortality. Am J Med. 2004;117:912–918. ©2004 by Elsevier
nc.
uartile � 0.72; 95% CI: 0.58 to 0.89; P � 0.002) were the
ncreasing evidence of the association between physi-
cal inactivity and cardiovascular or all-cause mortal-
ity (1) has led health authorities around the world to

ake physical activity promotion part of broad health
are policy goals (1–3). More recent studies (3– 6) have
bserved strong associations between physical fitness,
easured by a maximal exercise test, and survival from

ardiovascular and noncardiovascular causes. Physical
tness is related to physical activity patterns, and thus
urrent physical activity guidelines generally consider fit-
ess a surrogate measure of physical activity. However,
ther attributes, such as genetics, subclinical disease, and
ehavioral and environmental factors, determine indi-
idual fitness levels (7). There has been some recent de-
ate as to whether daily physical activity patterns largely
etermine one’s fitness level and therefore its inverse as-
ociation with mortality, or whether fitness level predicts

ortality independently from activity pattern (8,9). In
ddition, while these issues have been studied largely in
symptomatic populations (10 –13), less is known about
hese associations in patients with existing cardiovascular
isease.

rom the Cardiology Division, Veterans Affairs Palo Alto Health Care
ystem, Stanford University School of Medicine, Palo Alto, California.

Requests for reprints should be addressed to Jonathan Myers, PhD,
alo Alto VA Health Care System, Cardiology-111C, 3801 Miranda Av-
nue, Palo Alto, California 94304, or drj993@aol.com.
In the present study, we assessed all-cause mortality
sing fitness measured in subjects referred for exercise

esting for clinical reasons, and quantified adulthood
hysical activity patterns by questionnaire. Our objec-
ives were to compare the independent contributions of
tness and physical activity patterns to overall mortality,

o determine the predictive power of fitness and activity
atterns as compared with other clinical and exercise test
ariables, and to assess the interaction between fitness
nd activity in predicting mortality.

ETHODS

ample
he sample was drawn from 6213 consecutive men

mean [�SD] age, 59 � 11 years) who were referred for
xercise testing for clinical reasons between April 1987
nd July 2000. Of these, a subgroup of 842 subjects un-
erwent a detailed evaluation of current and past activity
atterns. The subgroup represented a convenience sam-
le tested on a particular day of the week in which re-
earch assistants were assigned to oversee the data collec-
ion.

xercise Testing
he exercise laboratory was directed in a consistent

ashion by two of the authors (VF and JM). A thorough
linical history, listing of medications, and risk factors

beginning in 1987) were recorded prospectively at the

0002-9343/04/$–see front matter
doi:10.1016/j.amjmed.2004.06.047
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Fitness, Activity, and Survival/Myers et al
ime of the exercise tests using computerized forms
14,15) that included standard definitions of clinical
onditions and exercise responses. Patients underwent
ymptom-limited treadmill testing using standardized
raded (16) or individualized ramp treadmill (17) pro-
ocols. Before ramp testing, patients answered a ques-
ionnaire to estimate exercise capacity; the question-
aire allowed most patients to reach maximal exercise
ithin the recommended range of 8 to 12 minutes

18). We previously observed that this protocol pro-
ides the closest relation between measured and esti-
ated metabolic equivalents (METs) (17). Patients
ere discouraged from using the handrails for support.
eart rate targets were not used as predetermined end-

oints. Medications were not changed or stopped prior
o testing. ST-segment depression was measured visu-
lly at the J junction, and slope was determined over
he following 60 ms and classified as upsloping, hori-
ontal, or downsloping. Ventricular tachycardia was
efined as three or more consecutive premature ven-
ricular contractions, and frequent premature ventric-
lar contractions were defined as �10% of the total
entricular contractions (19). Blood pressure was mea-
ured manually, and exercise capacity (in METs) was
stimated from peak treadmill speed and grade (20).
o test was classified as indeterminate (21). The exer-

ise tests were performed, analyzed, and reported ac-
ording to a standardized protocol and utilizing a
omputerized database (22).

hysical Activity Questionnaire
n the day of exercise testing, physical activity patterns
ere quantified in the convenience sample of 842 sub-

ects. The quantification of physical activity was per-
ormed by questionnaire and modeled after the Harvard
lumni studies of Paffenbarger and colleagues (23). Al-

hough the questionnaire was self-administered, subjects
ere encouraged to ask questions if clarification was re-
uired. Responses were recorded using Microsoft Access
Redmond, Washington). Metabolic costs of occupa-
ional and recreational activities were computed, and en-
rgy expenditure was expressed in kilocalories per week
24). Energy costs of activities were estimated from the
ompendium of physical activities developed by Ains-
orth et al (25). Energy cost of stairs climbed per week
as calculated using the estimation of Basset et al (26).
ne flight of stairs was considered 10 steps, and 12 blocks
ere considered 1 mile. Energy expenditure was ex-
ressed in terms of lifetime adulthood recreational and
ccupational activity. Recreational activity was also ex-
ressed separately as energy expended during the year
efore undergoing exercise testing (recent activity). For
oth fitness (in peak METs achieved) and activity pat-

erns, data were categorized by quartiles. w

December
ollow-up
he Social Security Death Index was used to match all
atients using name and social security number. Vital
tatus was determined as of July 2000.

tatistical Analysis
otal (all-cause) mortality was used as the endpoint for

urvival analysis. Survival analysis was performed using
aplan-Meier curves to compare variables and cutpoints,
nd a Cox proportional hazards model was used to deter-
ine which variables were associated significantly with

ime to death, and to develop relative risks for quartiles of
xercise capacity and physical activity. Hazard ratios were
alculated along with their 95% confidence intervals. Age
djustment was performed with age stratified by decade.
umber Crunching Statistical Software (Salt Lake City,
tah) was used for all analyses.

ESULTS

n the convenience subgroup, the mean (�SD) follow-up
eriod was 5.5 � 2.0 years, and the average annual mor-
ality was 2%. A total of 1256 deaths occurred during
ollow-up in the total group of subjects (n � 6213) un-
ergoing exercise testing; 89 occurred among those in the
ubgroup who had physical activity patterns assessed. No

ajor complications occurred during testing, although
ustained ventricular tachycardia occurred during 1.3%
f the exercise tests. In the subgroup, 230 patients had

schemic responses to exercise: 42 had �1.0-mm hori-
ontal or downsloping ST depression, 130 had angina
uring exercise, and angina was the main reason for stop-
ing in 58. The prevalence of these responses was similar
etween the total group of subjects and the subgroup.
he current sample in which exercise testing and physical
ctivity patterns were assessed was compared with the
emainder of the group of subjects referred for exercise
esting (n � 5371). Demographic, historical, and clinical
haracteristics were generally similar, including for age
nd medication use, although small differences were ob-
erved in the prevalence of stroke, heart failure, and myo-
ardial infarction (Table 1).

hysical Activity versus Physical Fitness in
redicting Mortality
hysical fitness was poorly related to energy expenditure

rom adulthood physical activity (r � 0.09). Age-adjusted
nivariate predictors of mortality, in rank order, were peak
xercise capacity, recreational energy expenditure during
dulthood, recreational energy expenditure over the last
ear, and energy expended from blocks walked and flights of
tairs climbed per week (Table 2). Although energy ex-
ended from occupational activity (P � 0.13) and the com-
ination of occupational and recreational activity (P�0.16)

ere associated with approximately 15% reductions in mor-

15, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume 117 913
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9

ality per quartile increase, they did not appear to be strong
redictors of survival. Age-adjusted multivariate predictors
f survival, in rank order, were exercise capacity, followed by
nergy expenditure from recreational activity during adult-
ood. Past occupational energy expenditure was not associ-
ted with survival by multivariate analysis. A 1000-kcal/wk
ncrease in adulthood activity was approximately equal to an
ncrease of 1 MET in fitness; both conferred a survival ben-
fit of 20%.

In age-adjusted analyses, exercise capacity and weekly
nergy expenditure were stronger predictors of mortality
han historical data, other exercise test responses, and risk

able 1. Comparison of Demographic and Clinical Characteri
xercise Testing during the Study Period

Characteristic

Study
(n �

ge (years) 58.9
uration of follow-up (years) 4.6
eight (inches) 69.0
eight (lbs) 193.4
edications
Digoxin 23
Calcium antagonist 221
Beta-blocker 147
Nitrate 142
Antihypertensive 185

istory
Atrial fibrillation 31
Pulmonary disease 75
Stroke 43
Claudication 37
Typical angina 141
Myocardial infarction 204
Heart failure 46
Coronary bypass surgery 74
Percutaneous coronary intervention 68

able 2. Age-Adjusted Predictors of Mortality among Measure

Variable

Un

Haza
(95% Confi

xercise capacity 0.53 (0
ecreational activity/week, lifetime 0.70 (0
ecreational activity/week, last year 0.77 (0
locks walked/flights of stairs climbed per week 0.74 (0
ccupational activity/week, lifetime 0.85 (0
ombined occupational and recreational
activities/week

0.86 (0

Data are from Cox proportional hazards analysis, categorized by qu
xercise capacity is expressed in quartiles of metabolic equivalents calcu

Adjusted for age.

14 December 15, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume
actors such as hypertension, hyperlipidemia, diabetes,
nd obesity (Table 3). Each quartile increase in exercise
apacity was associated with an overall 38% reduction in
ortality, whereas each quartile increase in energy ex-

enditure from weekly activity was associated with an
verall 28% reduction in mortality. However, the reduc-
ion in mortality risk between quartiles was not linear; the
argest reduction occurred between the least fit or least
ctive group and the next least fit or active group, with
maller differences observed between the other groups.

Kaplan-Meier survival curves applying commonly rec-
gnized indexes for exercise capacity (�5 METs vs. �5

f the Study Sample and the Larger Patient Group Referred for

le
)

Other Referrals
(n � 5371)

P Valueean � SD or Number (%)

.7 58.9 � 11.2 0.96
8 6.9 � 4.0 �0.001
4 69.2 � 3.2 0.30
.6 189.8 � 37.6 0.01

321 (6) �0.001
1519 (28) 0.48
1048 (20) 0.32
1344 (25) �0.001
1343 (25) 0.15

813 (15) 0.29
367 (7) 0.02
185 (3) 0.01
304 (6) 0.19

1213 (23) 0.04
1658 (31) �0.001

481 (9.0) 0.001
507 (9.4) 0.75
324 (6) 0.01

ctivity and Fitness*

ate Analysis Multivariate Analysis†

tio
Interval) P Value

Hazard Ratio
(95% Confidence Interval) P Value

.69) �0.001 0.56 (0.38–0.83) �0.001

.87) �0.001 0.68 (0.49–0.95) 0.02

.98) 0.03 —

.98) 0.04 0.78 (0.56–1.09) 0.13

.06) 0.13 —

.05) 0.16 —

s. Activity data calculated from questionnaire, expressed in kcal/wk;
from peak treadmill speed and grade.
stics o

Samp
842

M

� 11
� 1.
� 3.
� 37

(3)
(26)
(18)
(17)
(22)

(4)
(9)
(5)
(4)
(17)
(24)
(6)
(8.8)
s of A

ivari

rd Ra
dence

.41–0

.56–0

.61–0

.55–0

.69–1

.71–1

artile
lated
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ETs for the entire referred group of 6213 subjects) and
nergy expenditure from physical activity (�2000
cal/wk vs. subjects reporting no activity for the sub-
roup) showed that both higher exercise capacity and ac-
ivity were associated with improved survival (Figure 1).
ubjects with a higher exercise capacity or greater levels of
ctivity had progressively lower mortality (P � 0.001;
igure 2). Age-adjusted interactions between fitness and
ctivity, and the respective hazard ratios associated with
eing fit or active, demonstrated that being compara-
ively fit or active was associated with �50% reductions
n mortality risk, regardless of categorization at the time
f assessment (Figure 3). For example, among the least fit
ubjects (those achieving �5 METs), being relatively ac-
ive (�1500 kcal/wk) was associated with a 68% reduc-
ion in mortality. Alternatively, among the least active
ubjects (those reporting no activity), being relatively fit
as associated with a 55% reduction in mortality.

ISCUSSION

ur results demonstrate that both exercise capacity and
nergy expenditure from adulthood recreational physical

able 3. Age-Adjusted Multivariate Predictors of Mortality
mong Clinical Variables, Fitness Level, and Physical Activity
atterns*

Variable

Hazard Ratio
(95% Confidence

Interval) P Value

itness level
Very low (reference)† 1.0 –
Low 0.59 (0.52–0.68) �0.001
Moderate 0.46 (0.39–0.55) �0.001
High 0.28 (0.23–0.34) �0.001

ctivity level
Sedentary (reference) 1.0 –
Low 0.63 (0.36–1.10) 0.10
Moderate 0.42 (0.23–0.78) �0.01
High 0.38 (0.19–0.73) �0.01

ardiovascular disease 1.62 (0.96–2.73) 0.06
istory of smoking 1.58 (0.86–2.87) 0.15
istory of hypertension 1.32 (0.82–2.13) 0.31

amily history of coronary
artery disease

1.22 (0.74–2.02) 0.50

iabetes 1.26 (0.70–2.27) 0.52
besity 0.81 (0.47–1.38) 0.47
holesterol level

�220 mg/dL
1.08 (0.61–1.90) 0.79

Activity data expressed as quartiles in kcal/wk of adulthood recre-
tional activity; exercise capacity expressed in quartiles of METs; all
ther variables are dichotomous.
�5.0 METs.
ET � metabolic equivalent.
ctivity are inversely associated with all-cause mortality m

December
n patients referred for exercise testing. These two vari-
bles were stronger predictors of mortality than other
linical and exercise data; in multivariate analyses, they
utperformed established risk factors such as smoking,
ypertension, hyperlipidemia, and diabetes. However,
xercise capacity was a stronger predictor of mortality
han were measures of recent or adulthood habitual phys-
cal activity, supporting the concept that physical fitness
s a stronger predictor than activity level (8). Previous
tudies demonstrating an association between physical
ctivity pattern or exercise tolerance and health outcomes
enerally involved apparently healthy cohorts (10 –13),
nd few such analyses have been performed in more clin-
cally relevant populations, such as patients referred for
xercise testing for clinical reasons, which was the sample
e studied.
The extent to which the benefits of physical activity on

ealth and longevity are mediated through one’s fitness

igure 1. Kaplan-Meier survival curves for subjects achieving
n exercise capacity �5 METs compared with �5 METs (top;
or entire sample of 6213 subjects; P � 0.001 between groups)
nd in the subgroup of subjects expending �2000 kcal/wk in
dulthood recreational activity compared with those reporting
o physical activity (bottom; P � 0.01 between groups). MET �

etabolic equivalent.

15, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume 117 915
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evel has been debated (8,9). We found a correlation of
.09, suggesting independence of these two measures.
his association is lower than that reported previously

27), in which the correlation ranged between 0.30 and
.60. We also observed a comparatively large reduction in
ortality (72%) between the most and least fit subjects.
lthough comparisons with previous studies are compli-
ated by different approaches to assessing activity, classi-
cation of groups, and other methodological differences,
ur results contrast with those of the majority of studies
emonstrating differences in mortality in the order of
0% between the most and least fit groups (28).

We observed a less dramatic but nevertheless strong
radient for the reduction in mortality as physical activity
ncreased. Indeed, fitness more strongly predicted mor-
ality than did activity pattern as evidenced by both uni-
ariate and multivariate analyses. This concurs with a re-
ent summary of eight fitness and 30 activity cohorts (8),
n which fitness was a considerably stronger predictor of
ardiovascular events. However, the strengths of the
ortality gradients for fitness and activity that we ob-

erved were more similar to one another than those in
ost previous studies.
Few studies have addressed both fitness and physical

ctivity in the same sample with other clinical and risk
actor data, although available data generally suggest that
tness level more strongly predicts outcomes compared
ith physical activity patterns (8,28). There may be sev-

ral reasons why this is the case. First, the quantification
f fitness is more objective than activity. Fitness is gener-
lly determined directly from symptom or sign-limited
xercise testing, whereas activity level is dependent on
ubject recollection, as well as on the judiciousness with
hich subjects respond and other limitations associated
ith questionnaires (29). Second, the strength of exercise

igure 2. Age-adjusted hazard ratios for exercise capacity and
dulthood recreational activity, expressed in quartiles, with the
east fit or least active group as the reference group (quartile 1).

ET � metabolic equivalent.
apacity in stratifying risk, although only recently appre- m

16 December 15, 2004 THE AMERICAN JOURNAL OF MEDICINE� Volume
iated (30,31), is increasingly being recognized among
oth healthy (2,4,5,8,11) and clinically referred subjects
4,6,32-34). For example, in recent studies performed at
he Cleveland Clinic (34), the Mayo Clinic (6,33), and the
eterans Administration (4), exercise capacity more

trongly predicted cardiovascular events, all-cause mor-
ality, or both, than did other clinical and exercise test
ariables.

Previous studies have observed that the dose-response
elation between fitness or activity and the risk of heart
isease or mortality is generally shaped such that rela-
ively greater health benefits occur at the lower rather
han higher end of the spectrum (1,2,8,11). Hence,
reater health benefits would occur by increasing physical
ctivity among the most sedentary or least fit persons.
ndeed, the various consensus documents on physical ac-
ivity and health generally acknowledge that “the greatest
otential for reduced mortality is in the sedentary who
ecome more active” (35). Our findings concur with
hese observations. We found that approximately 40% of
he reduction in total mortality occurred between the
east fit or least active and the next least fit or least active
roups, suggesting that levels of fitness or regular activity
hat are achievable by most adults are sufficient to achieve
significant reduction in mortality.
The interactions that we observed between fitness or

ctivity and mortality are provocative from a public
ealth perspective. Being comparatively unfit was associ-
ted with a higher mortality risk even among those who
ere active, and being relatively inactive was associated
ith a higher mortality risk regardless of fitness level. No
eaths were observed among subjects who were both fit
�10 METs) and active (�1500 kcal/wk). Importantly,
egardless of how subjects were classified in terms of fit-
ess or activity status, being more fit or more active was
ssociated with a substantial reduction in mortality.

igure 3. Interaction between fitness and activity, and their as-
ociation with mortality. The 95% confidence intervals are as
ollows for the categories of “most active” (0.12 to 1.52), “least
ctive” (0.18 to 1.09), and “least fit” (0.12 to 0.81). MET �

etabolic equivalent.
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Our study has several limitations. Although dose-
esponse relations between fitness or activity and mor-
ality have been shown to be similar between men and
omen (2), our sample did not include women. Our

ample was comparatively small, but our data confirm
esults from larger studies that evaluated activity status
r fitness separately (10,11,23). As with any question-
aire approach, the responses were dependent on sub-

ect recollection and how attentive subjects may have
een in their responses. In addition, we had informa-
ion only on all-cause mortality, and not on specific
auses of death. Finally, answering the question of
hether fitness or physical activity is more important

n terms of health outcomes by multivariate analysis
ecessitates that they be independent, and this could
ot be determined from the present study.
In summary, low exercise capacity determined from

xercise testing and low energy expenditure from weekly
ctivity were associated with higher mortality risk in men,
ven more strongly than that of established risk markers
uch as smoking, hypertension, diabetes, previous myo-
ardial infarction, or a history of heart failure. An approx-
mate 1000-kcal/wk increase in activity, a modest amount
chievable by most adults, confers a 20% survival benefit,
imilar to that which would occur by increasing fitness by
MET. Of the two measures, exercise capacity predicted
ortality more strongly than did activity pattern. Being

nfit carried a marked increase in risk even among per-
ons who were comparatively active; likewise, being inac-
ive was associated with a higher risk even among those
ho were relatively fit. Given the strong inverse associa-

ion between fitness and mortality in the present and
ther recent studies, increasing fitness should be a prior-

ty when reviewing test results with patients. In addition,
ecause physical activity in part develops physical fitness,

ncreasing physical activity should remain an important
ealth care policy objective.
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