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cardiovascular disease compared with subjects with
normal or optimal blood pressure (6-8). In addition,
individuals within this group have a greater incidence
of progression to hypertension, especially in the pres-
ence of other cardiovascular risk factors (9-11).
Although the development of hypertension can be
delayed by drug therapy (12,13), lifestyle modifica-
tion is currently considered the cornerstone of man-
agement strategies for individuals with high-normal
blood pressure. Physical exercise, which represents
an essential part of lifestyle modification, has been
also shown to attenuate the progression from normal
blood pressure to hypertension (14-17).

A large amount of epidemiological evidence sup-
ports that exercise capacity or cardiorespiratory fitness
are strongly and inversely related to cardiovascular and
all-cause mortality, even after adjustments for other
confounding factors (18-22). Whether these benefits
are evident in individuals with high-normal blood pres-
sure remains uncertain, because of limited available
data. We therefore sought to assess the association
between exercise capacity and all-cause mortality in
high-normal blood pressure individuals, and evaluate
the effects of other factors on this association.

Patients and methods

In this retrospective study, we evaluated the association
between exercise capacity and mortality risk in
individuals with high-normal blood pressure. The
cohort was selected from more than 16,000 males
who underwent a symptom-limited exercise test to
exclude cardiac ischemia at two sites within the
Veterans Administration Health system (Washington,
DC, and Palo Alto, CA).

High-normal blood pressure was defined as sys-
tolic blood pressure 130-139 mmHg and/or diastolic
blood pressure 85-89 mmHg, in accordance with the
2007 European guidelines for the management of
arterial hypertension (1). The selection of the cohort
was based on the blood pressure reading prior to the
exercise test and was confirmed by the individual’s
blood pressure history recorded over a period in his
electronic medical records. The Veterans Administra-
tion Health System uses electronic health records
that include detailed medical history and several
measurements of vital signs during the regular fol-
low-up visits. The latter permits for an accurate eval-
uation of blood pressure levels over time and a more
precise categorization of individuals in blood pressure
groups compared with a categorization based on
blood pressure values at only one time point. Patients
were excluded from the study if they were receiving
antihypertensive drugs, had previous documented
cardiovascular disease, or an ischemic response to
the exercise test. In addition, the development of left
bundle branch block during exercise and the need
for emergency care were also considered as exclusion
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criteria (23). One thousand, seven hundred and
twenty-seven individuals (1727) met these criteria
and were included in this study. All gave informed
consent before performing the exercise test, as part
of standard practice in our institutions. The Internal
Review Board of each participating site approved the
protocol of this retrospective analysis.

The standard Bruce protocol was used for exercise
testing at the Washington site and an individualized
ramp protocol at the Palo Alto site (24). Peak work-
load was estimated in metabolic equivalents (METs),
with one MET defined as the energy expenditure at
rest that is equivalent to an oxygen consumption of
3.5 mli/kg of body weight per minute (25). Exercise
capacity was estimated by using a common equation
for the Bruce protocol (26) and the American College
of Sports Medicine equation for the ramp protocol
(25); both equations are based on exercise time.
Age-predicted heart rate (HR) at exercise peak was
determined by a standardized method (27).

Resting blood pressure and HR were assessed
for all patients prior to the exercise test and after a
5-min rest in the supine position (only one mea-
surement). During the exercise test, blood pressure
was assessed at the last minute of each exercise
stage, at peak exercise and during the recovery
period. All blood pressure assessments were per-
formed on the right arm by an aneroid sphygmo-
manometer (X018, Tycos). Diastolic blood pressure
was recorded at phase V.

Demographic and clinical data as well as prior
medication were extracted from the electronic files
right before the exercise test, while all individuals
verified relevant information. Body weight (kg) and
height (m) were measured before the test, and body
mass index (BMI) was calculated as weight divided
by height? (kg/m?). Smoking status was specifically
asked and recorded before the test for all individuals.
Dyslipidemia was based on abnormal blood lipid
values at the time of exercise test or current use of
hypolipidemic agents. Blood lipids were not assessed
in all patients and thus corresponding values are not
reported.

Death records were extracted from the Veterans
Affairs Beneficiary Identification and Record Loca-
tor System File, which is proven to be complete and
accurate, since benefits to survivors are based on this
system (28).The vital status was determined as of 30
September 2008.

Determinarion of fitness categories

Six fitness categories were established based on the
MET level achieved. Those who achieved equal to
or less than 4 METs comprised the least fit group.
Then sequential groups were formed based on
2-MET interval change, up to 12 METs. Those who
achieved more than 12 METs comprised the highest
fit category.
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Table I. Demographic and clinical characteristics in the entire cohort and according to exercise capacity.

Entire 4.1-6.0 6.1-8.0 8.1-10.0 10.1-12.0

Variables cohort =4 METs METs METs METs METs >12 METs p-value
n 1727 108 377 440 424 195 183 -
Age (years)? 57+12 67+8° 65+10P 59*10 53+11 50*11 5011 <0.001
BMI (kg/m?) 27.8+4.8 27.0+4b 28.2*6 27.9%5 28.2*5 27.5+4 26.9*3 0.009
Diabetes (%)? 9.4 8.3 15.1 10.7 8.0 4.6 3.3 <0.001
Smoking (%) 30.7 24.1 30.5 28.0 31.1 36.9 34.4 0.12
Dyslipidemia? 10.7 6.5 14.3 13.0 11.6 7.7 1.1 <0.001

METS, metabolic equivalents; BMI, body mass index.
#Differences on all possible comparisons.
bDifferent from other fitness categories.

Statistical analysis

Continuous variables are presented as mean*stan-
dard deviation, while categorical variables are
expressed as absolute and relative frequencies (%).
Associations between categorical variables were
tested using Pearson’s chi-square test. One-way anal-
ysis of variance was applied to determine age and
BMI differences among fitness categories. Interac-
tion between the two testing sites was also performed.
Post-hoc procedures were utilized to discern differ-
ences between fitness categories. The Bonferroni rule
to correct for the inflation in the type-I error was
applied with multiple comparisons. Equality of vari-
ances between treatment groups was tested by the
Levene’s test.

The relative risk of mortality was calculated for
each fitness category. Individuals with an exercise
capacity of =4 METs (least-fit category), comprised
the reference group. Cox proportional hazard models
were used to determine the variables that were inde-
pendently and significantly associated with mortality.
The analyses were adjusted for age in years, BMI,
resting systolic and diastolic blood pressure, risk fac-
tors (diabetes, dyslipidemia and smoking), and race
as categorical variables. Receiver-operating charac-
teristic curves (ROC) were constructed to compare
the MET level achieved, age, BMI and CV risk fac-
tors in terms of their discriminatory accuracy in
predicting survival. p-values <0.05 using two sided

tests were considered statistically significant. All sta-
tistical analyses were performed using SPSS software
version 15.0, SPSS Inc., Chicago, IL, USA.

Results

A total of 1727 individuals with high-normal blood
pressure were included in the final analyses.
The average (=SD) follow-up period was 9.75+6
years. During this period, there were 394 deaths for
an average annual mortality of 2.34%. No statisti-
cally significant interactions were observed between
exercise capacity and the two different testing sites
(p=0.52), as well as between exercise capacity and
race (p=0.68). Approximately 80% of individuals
achieved at least 85% of the age-predicted peak HR.

The demographic and clinical characteristics for
the entire cohort and according to fitness categories
are depicted in Table I. A significant progressive
reduction of age was present in association with exer-
cise capacity, with higher fit individuals having lower
age (p<<0.001). Significant differences were also
observed in the prevalence of diabetes and dyslipi-
demia (p<<0.001 for both). Therefore, adjustments
for age, BMI, diabetes, dyslipidemia, use of aspirin
and statins, and race were applied when probing for
differences in resting HR, systolic and diastolic blood
pressures, MET levels and mortality among the six
fitness categories.

Table II. Exercise data in the entire cohort and according to exercise capacity.

Entire 4.1-6.0 6.1-8.0 8.1-10.0 10.1-12.0

Variables cohort =4 METs METs METs METs METs >12 METs  p-value
n 1,727 108 377 440 424 195 183 -
Resting HR (beats/min) 75+13 79+14b 76+ 14 74+13 7313 73*+13 74+13 <0.001
Resting systolic BP (mm Hg) 131x7 132+7° 132+6° 1316 1307 130+6 129+8 0.009
Resting diastolic BP (mm Hg) 82+7 80*8 81+8 82+7 83 +6° 83+7¢ 84 +5¢ <0.01
Peak HR (beats/min)? 148+23 120+23 13221 146+19 158+18 162*16 163+18 <0.001
Peak systolic BP (mm Hg) 183£25 168+26° 174+28> 185x25 189£22 187*+21 187%21 <0.001
Peak diastolic BP (mm Hg) 88+15 84+14 87t14 89+13¢ 88+ 13¢ 86+ 14 85+ 14 <0.02

Peak METs (3.5 ml O,/kg/min)* 8.1x3.1 3.1x0.7 5.1£0.6 7.0x0.6 9.0£0.6 10.9%0.6 14.4*+1.9 <0.001

METs, metabolic equivalents; HR, heart rate; BP, blood pressure.

#Differences on all possible comparisons.
"Different from other fitness categories.
“Different from the least-fit category (=4 METs).
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Figure 1. Survival curves according to exercise capacity.

Exercise data are presented in Table II, both for
the entire cohort and for each fitness category.

ROC curves further supported the significance of
exercise capacity in predicting all-cause mortality in
individuals with high-normal blood pressure. Sig-
nificant predictors of mortality included: exercise
capacity in METs (ROC area=0.72; p<<0.001), age
(ROC area=0.70; p<<0.001), resting systolic blood
pressure (ROC area=0.54; p=0.016), BMI (ROC
area=0.41; »<<0.001) and resting diastolic blood
pressure (ROC area=0.47; p=0.017).

Cox proportional hazard analysis revealed a 13%
reduction in mortality risk (hazard ratio=0.87;
CI 0.84-0.91; »<0.001) for every 1-MET increase
in exercise capacity, after adjusting for age, BMI,
race, diabetes, resting systolic and diastolic BP.
The adjusted mortality risks for the entire cohort
according to exercise capacity categories are presented
in Figure 1.

When the least-fit category (peak exercise capac-
ity =4 METs) was used as the referent group, a pro-
gressively lower mortality risk was noted with
increased exercise capacity in individuals with high-
normal blood pressure. More specifically, the mortal-
ity risk was 30% lower (hazard ratio=0.70; CI
0.51-0.95; p=0.022) in those who achieved 4.1-6.0
METsSs, whereas those who achieved 6.1-8 METs
had approximately half the risk (hazard ratio=0.53;
CI 0.38-0.67; »p<<0.001). The risk was about 60%
lower and virtually identical for those who achieved

Table III. Hazard ratios according to fitness categories.

8.1-10 METSs and 10.1-12 METS category (hazard
ratio=0.39; CI 0.26-0.57; »<0.001, and hazard
ratio=0.39; CI 0.22-0.67; p=0.001, respectively).
An additional decline in risk was noted for those who
achieved more than 12 METs (hazard ratio=0.17;
CI 0.08-0.36; p<0.001).

It is possible that the presence of subclinical dis-
ease may be a reason for low fitness levels. If so, it is
reasonable to assume that the death rate of these
individuals may be substantially high within the ini-
tial follow-up period. To reduce the influence of
the presence of subclinical disease on the fitness—
mortality relationship, we excluded individuals who
died within the first and second year of follow-up
and re-analyzed the data. No substantial changes in
the mortality risk reduction were observed when
deaths that occurred during the initial 1 or 2 years of
follow-up were included (Table III).

Discussion

The findings of our study reveal a strong, inverse and
graded association between exercise capacity and
all-cause mortality in Veteran male individuals with
high-normal blood pressure. This association remai-
ned significant even after adjustments for other con-
founding factors, indicating an independent predictive
value of exercise capacity on all-cause mortality. We
observed 13% lower mortality risk of every one MET
increase in exercise capacity. To our knowledge, this
is the first study to address such an association in
individuals with high-normal blood pressure.

In addition, the close scrutiny of the fitness—
mortality association allowed by the small incremen-
tal changes in exercise capacity (every 2 METSs),
made it possible to probe for an exercise capacity
threshold and plateau of health benefits. In this
regard, several points are noteworthy. First, the exer-
cise threshold appears to be at 4 METSs. Beyond this
threshold, the mortality risk reduction was incremen-
tal. Second, the 30% lower risk observed in those
who achieved an exercise capacity just beyond this
threshold (4.1-6 METSs). Finally, approximately
50%—-60% of the fitness-related health benefits occur
at the exercise capacity between 6.1 and 10.0 METs
with only additional benefits for those achieving an
exercise capacity of more than 12 METs.

Fitness categories

p-value

Variables =4 METs 4.1-6.0 METs 6.1-8.0 METs 8.1-10.0 METs 10.1-12.0 METs >12 METs for trend

Entire cohort 1 0.70 (0.51-0.95) 0.53 (0.38-0.73) 0.39 (0.26-0.57) 0.39 (0.22-0.67) 0.17 (0.08-0.36) <0.001

st year deaths 1 0.71 (0.51-0.98) 0.56 (0.40-0.78) 0.42 (0.28-0.62) 0.38 (0.28-0.62) 0.17 (0.08-0.37) <0.001
excluded

1- and 2-year 1 0.74 (0.53-1.0) 0.58 (0.41-0.83) 0.44 (0.29-0.76) 0.42 (0.23-0.76) 0.15 (0.06-0.56) <0.001

deaths excluded
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Collectively, the aforementioned findings have
significant clinical and public health importance.
More specifically, they support that even a small shift
of the fitness curve to the right (least fit individuals
moving to the next fitness category) has a significant
impact in mortality risk and . Furthermore, most of
the risk reduction (50-60%) is realized at fitness lev-
els between 6.1 to 10 METSs with virtually no addi-
tion reduction until the exercise capacity beyond 12
METs. The amount of physical activity necessary to
achieve an exercise capacity of 4.1 to 10 METs is a
brisk walk to a slow jog of 30-40 min per session, 4-6
days per week. Since this level of activity is relatively
safe and attainable by most middle-age or older indi-
viduals, the clinical and public health significance of
this finding is immense.

Equally important however, is the substantial
decline in mortality risk of individuals in the highest
fitness levels (>12 METSs). Therefore, the pursuit of
higher fitness levels for those who are capable of such
endeavor should not be discouraged.

These and similar findings reported in other large
population groups (18-22,29) urge for wider imple-
mentation of physical activity in the general popula-
tion, especially for sedentary individuals. The robust
findings further provide healthcare professionals with
a rather strong argument to motivate such individuals
to adopt a more physically active lifestyle (30).
To accomplish such task, it becomes imperative that
governmental and other public authorities create a
pleasant environment (parks, pathways, bike roads)
and provide the necessary facilities (public gyms and
swimming pools) that will facilitate regular physical
exercise for the public. In this regard, an even small
shift of the fitness curve to the right will result in
considerable public health benefits.

Our study shares some unique characteristics.
First, the large number of participating individuals
(>1700) combined with a long follow-up period
(mean of 10 years) permit for a proper evaluation of
the effects of exercise capacity on all-cause mortality.
Second, the equality in access to healthcare that rep-
resents an essential element of the Veterans Admin-
istration Health Care System permits for the accurate
exclusion of any financial, social, or racial factors that
might influence the association between exercise
capacity and mortality risk, thus adding further cre-
dence to our findings. Furthermore, our study popu-
lation is comprised of individuals that were referred
for exercise testing to rule out exercise-induced isch-
emia, reflecting common real-world practice and thus
rendering our findings clinically meaningful. Finally,
unlike the subjective nature of questionnaires used to
determine fitness, in our current study, exercise
capacity was evaluated objectively by a standardized
exercise test.

Given the boundaries and intrinsic limitations of
epidemiological studies, a justifiable concern is that the
association between the two variables of interest may

-931-

Exercise capacity and all-cause mortalicy 265

be spurious. Accordingly, we raised the possibility that
the higher mortality risk observed in low fit individuals
was the outcome of clinical or subclinical disease that
also fostered a sedentary lifestyle. Consequently, the
enhanced mortality risk would be attributed to poor
health and not to poor fitness levels. Although such
scenario cannot be completely ruled out, several indi-
cations reduce its probability and strongly suggest of a
true and independent association between poor fitness
and increased mortality.

First, an important argument against it comes
from the design characteristics of our study. The elec-
tronic health files used in the Veterans Administration
Health Care System permit for the accurate record-
ing of concomitant diseases, not only at baseline but
during the whole follow-up period as well. Second,
the graded manner of risk reduction seems to argue
against the influence of subclinical disease. Theo-
retically, if subclinical disease is responsible for poor
fitness and increased mortality, one would expect
that the mortality rate would be high only in the very
low fit individuals with a precipitous fall for the next
fitness groups. In contrast, our findings reveal that
fitness benefits follow a dose-response manner, and
such benefits are evident across all fitness categories.
Finally, if diseases were the impetus for the relatively
high mortality rates in the low-fit, it is reasonable to
assume that these individuals will die at a relatively
higher rate within the initial follow-up period. Thus,
the exclusion of deaths occurring within the initial
follow-up period will influence mortality rates and
substantially change the fitness—mortality associa-
tion. We addressed this assumption by excluding
deaths during the initial 1 and 2 years of follow-up
and re-analyzed data. We observed similar reductions
in mortality and virtually no changes in the trend
(Table III).

Collectively, the aforementioned procedures and
arguments strongly suggest that the association of
fitness status and mortality risk is true and indepen-
dent of deaths occurring as a result of subclinical
diseases. However, we recognize that these statements
are made within the intrinsic limitations of the epide-
miological design of our study and that the association
between fitness and mortality cannot be considered
by itself as proof of causality. It must be emphasized,
that prospective, randomized, interventional studies
are needed to address the issue more definitively and
prove causal relationships.

Study limitations

Several limitations can be recognized in our study
that may limit the interpretation of the findings.
Our conclusions are made within the inherent
limitations of epidemiological designs and the inverse
association between fitness and mortality does not by
itself prove causality. Interventional studies are
needed to confirm such a causal relationship. The
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inclusion of only male individuals that were referred
for exercise testing limits the generalization of our
findings to the population as a whole. Also, specific
data regarding the type of death were not available,
thus not permitting for a separation between cardio-
vascular and other cause deaths. Although all-cause
mortality is widely accepted as a more accurate, objec-
tive and unbiased measure compared with cardiovas-
cular mortality (31), it would be interesting to know
the effect of fitness status on cardiovascular death.

Conclusions

We observed a strong, inverse, and graded associa-
tion between exercise capacity and all-cause mortal-
ity in male individuals with high-normal blood
pressure. This association was independent of tradi-
tional cardiovascular risk factors, and exercise capac-
ity was among the strongest predictors of all-cause
mortality. These findings reveal that the benefits of
improved fitness apply to large population groups,
are not limited in hypertensives, and are evident in
individuals with high-normal blood pressure as well.
These benefits create the need to surpass existing
difficulties in motivating otherwise healthy individu-
als to adopt regular physical exercise. A shift of the
fitness curve to the right in the general population
might have a major impact in mortality risk, offering
unprecedented benefits in public health.
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Exercise Capacity and Mortality in Older Men
A 20-Year Follow-Up Study

Peter Kokkinos, PhD; Jonathan Myers, PhD; Charles Faselis, MD;
Demosthenes B. Panagiotakos, DrMedSCi; Michael Doumas, MD; Andreas Pittaras, MD;
Athanasios Manolis, MD; John Peter Kokkinos; Pamela Karasik, MD; Michael Greenberg, MD;
Vasilios Papademetriou, MD; Ross Fletcher, MD

Background—Epidemiological findings, based largely on middle-aged populations, support an inverse and independent
association between exercise capacity and mortality risk. The information available in older individuals is limited.
Methods and Results—Between 1986 and 2008, we assessed the association between exercise capacity and all-cause
mortality in 5314 male veterans aged 65 to 92 years (mean=*SD, 71.4£5.0 years) who completed an exercise test at the
Veterans Affairs Medical Centers in Washington, DC, and Palo Alto, Calif. We established fitness categories based on
peak metabolic equivalents (METs) achieved. During a median 8.1 years of follow-up (range, 0.1 to 25.3), there were
2137 deaths. Baseline exercise capacity was 6.3+2.4 METs among survivors and 5.3+2.0 METs in those who died
(£<<0.001) and emerged as a strong predictor of mortality. For each 1-MET increase in exercise capacity, the adjusted
hazard for death was 12% lower (hazard ratio=0.88; confidence interval, 0.86 to 0.90). Compared with the least fit
individuals (=4 METs), the mortality risk was 38% lower for those who achieved 5.1 to 6.0 METs (hazard ratio=0.62;
confidence interval, 0.54 to 0.71) and progressively declined to 61% (hazard ratio=0.39; confidence interval, 0.32 to
0.49) for those who achieved >9 METs, regardless of age. Unfit individuals who improved their fitness status with serial
testing had a 35% lower mortality risk (hazard ratio=0.65; confidence interval, 0.46 to 0.93) compared with those who

remained unfit.

Conclusions—Exercise capacity is an independent predictor of all-cause mortality in older men. The relationship is inverse
and graded, with most survival benefits achieved in those with an exercise capacity >5 METs. Survival improved
significantly when unfit individuals became fit. (Circulation. 20103;122:790-797.)

Key Words: aging & epidemiology m exercise @ mortality

n inverse, graded, independent, and robust association

o inical i
between fitness status and mortality is supported by large Clinical Perspective on p 797

epidemiological studies in apparently healthy subjects!~¢ and in
patients with documented cardiovascular disease (CVD).!3
These health risks are particularly apparent at relatively low
fitness levels but decrease with higher physical activity patterns
or fitness status.'~> Most of this evidence is based on studies
conducted among middle-aged individuals. Relatively few stud-
ies have examined the health benefits of fitness in older
populations,”!3 and most of these studies used questionnaires to
estimate either fitness or physical activity patterns in their
cohort.810-12 Although some studies used an exercise test to
more objectively assess fitness,”!3 they were composed of
relatively small samples of older individuals individuals” or the
cohort was relatively young.!?

According to a recent Centers for Disease Control and
Prevention report, the proportion of Americans aged 65 years
and older will double by 2030.'#4 This, along with the high
rates of poor physical health and activity limitations among
the older individuals, will contribute to a projected 25%
increase in the nation’s overall healthcare costs during this
time. Because regular physical activity contributes substan-
tially to healthy aging by helping to prevent or control many
of the health problems that often reduce the quality and length
of life in older individuals (eg, low fitness, hypertension,
obesity, and diabetes mellitus), the Centers for Disease
Control and Prevention report states that a physically active
lifestyle in older adults should be encouraged.!4

Continuing medical education (CME) credit is available for this article. Go to http:/cme.ahajournals.org to take the quiz.
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In light of the sparse data available on the relationship
between fitness and mortality in older individuals, the present
study was undertaken to assess the extent to which exercise
capacity may predict all-cause mortality among older male
veterans (aged >635 years) referred for an exercise tolerance
test (ETT) for clinical reasons.

Methods
Study Design and Sample

We identified 5390 male veterans (age range, 65 to 92 years) from
the Veterans Exercise Testing Study (VETS) who underwent a
symptom-limited ETT between January 1986 and December 2008.
The tests were administered at the Veterans Affairs Medical Center,
Washington, DC (n=3128), or the Veterans Affairs Palo Alto Health
Care System, Palo Alto, Calif (n=2186). All tests were performed
either as a routine evaluation or to assess the possibility of exercise-
induced ischemia. In addition to age (<65 years), we excluded the
following subjects: (1) those with a history of an implanted pace-
maker; (2) those who developed left bundle branch block during the
test; (3) those with heart failure classified as New York Heart
Association class II or higher and those unable to complete the test
secondary to musculoskeletal or peripheral vascular issues; and (4)
those who had a positive exercise test that was confirmed by
additional diagnostic test (stress thallium or cardiac catheterization)
or those who became unstable during the ETT or required emergent
intervention.!s

The final sample included 5314 men (3224 white and 2090 black).
The mean age was 71.4%5.0 years, and the median age was 70.5
years. Participants were also divided into 2 age categories: 65 to 70
(n=2560) and >70 years (n=2754). All participants gave written
consent before the ETT. The study was approved by the internal
review boards at each institution.

All demographic, clinical, and medication information was ob-
tained from patients’ computerized medical records just before the
ETT. Hypertension was defined as systolic blood pressure (BP)
=140 mm Hg and or diastolic BP =90 mm Hg. Diabetes mellitus
and dyslipidemia were defined on the basis of established criteria at
the time the ETT was performed. Each individual was also asked to
verify the computerized information with regard to history of chronic
disease, current medications, and cigarette smoking habits. Body
weight and height were recorded in the exercise stress laboratory
before the test. Body mass index (BMI) was calculated as weight
(kg) divided by height? (m?). Individuals with CVD were defined as
those with a history of myocardial infarction, angiographically
documented coronary artery disease, coronary angioplasty, coronary
artery bypass surgery, or chronic heart failure classified as New York
Heart Association class I.

The Social Security Death Index was used to match all subjects to
their record according to Social Security number and death dates
from the Veterans Affairs Beneficiary Identification and Record
Locator System File. This system is used to determine survivors
among veterans and has been shown to be complete and accurate. !¢
Vital status was evaluated annually and determined as of June 30,
2009; the outcome of interest was death from any cause.

Exercise Assessments

Exercise capacity for individuals tested at the Veterans Affairs
Medical Center, Washington, DC, was assessed by the standard
Bruce protocol. For the individuals assessed at the Veterans Affairs
Palo Alto Health Care System, an individualized ramp protocol was
used, as described elsewhere.!? Peak exercise time was recorded in
seconds. Peak workload was estimated in metabolic equivalents
(METs). One MET is defined as the energy expended at rest, which
is equivalent to an oxygen consumption of 3.5 mL per kilogram of
body weight per minute.'$ Exercise capacity (in METs) was esti-
mated on the basis of exercise time via a commonly used equation
for the Bruce protocol'® and based on American College of Sports
Medicine equations for the ramp protocol.!8 Subjects were encour-
aged to exercise until the occurrence of volitional fatigue in the
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absence of symptoms or other clinical indications for stopping the
test.!S The use of handrails during the exercise test was discouraged.
Age-predicted peak exercise heart rate (HR) was determined on the
basis of standardized methods.? Medications were not changed or
stopped before testing.

Supine resting HR and BP were assessed after S minutes of rest.
Exercise BP was recorded at 2 minutes of each exercise stage, at
peak exercise, and during recovery. Indirect arm-cuff sphygmoma-
nometry was utilized for all BP assessments. ST-segment depression
was measured visually. ST depression =1.0 mm that was horizontal
or downsloping was considered to be suggestive of ischemia.

We also established fitness categories on the basis of the MET
level achieved. For the formation of fitness categories, we chose the
lowest 20th percentile of METs for the entire cohort (=4 METs), a
cutoff employed in previous studies,? to represent the lowest fit
category. Thereafter, categories were established per 1-MET incre-
mental increase in exercise capacity (eg, 4.1 to 5; 5.1 t0 6; 6.1 to 7;
7.1 to 8; 8.1 to 9; and >9 METs). Those who achieved >9 METs
comprised the highest fitness category. The establishment of fitness
on the basis of MET level achieved is a more objective method of
fitness than self-reported physical activity habits.?

Statistical Analysis

Continuous variables are presented as mean and SD, and categorical
variables are expressed as absolute and relative frequencies (%).
Associations between categorical variables were tested with the
Pearson x* test. One-way ANOVA was applied to determine age,
BMI, resting and exercise HR and BP, and peak MET level
differences between fitness categories and age groups. Normality of
the tested variables was evaluated with the Shapiro-Wilk test.
Equality of variances between groups was tested by the Levene test.
The mortality rates were calculated for each fitness category. We
considered individuals in the lowest fitness category (exercise
capacity =4 METs) as the reference group and individuals with
exercise capacity >9 METs as the highest fitness group. Log-rank
tests were calculated to evaluate significance of fitness levels on
all-cause mortality. Then Cox proportional hazards models were
employed to determine the variables that were significantly associ-
ated with mortality. The models were adjusted for age in years, peak
METs achieved, resting systolic BP (mm Hg), and BMI as continu-
ous variables and for ethnicity, presence of CVD, cardiovascular
medications (aspirin, angiotensin-converting enzyme inhibitors, cal-
cium channel blockers, B-blockers, diuretics, vasodilators, and st-
atins), and risk factors (hypertension, diabetes mellitus, dyslipid-
emia, and smoking) as categorical variables. The selection of these
variables was based on their clinical relevance and their significant
association with mortality observed in our cohort during the explor-
atory analyses. Cox proportional hazards models were also utilized
to determine the variables that were associated with mortality in the
subgroup of individuals with repeated exercise tests. The model was
adjusted for all of the aforementioned variables. The proportional
hazards assumption was evaluated with the use of Schoenfeld
residuals and examined graphically. P values <0.05 with 2-sided
tests were considered significant. All statistical analyses were per-
formed with the use of SPSS software (SPSS version 18.1, SPSS Inc,
Chicago, 111).

Results

Demographic and Clinical Characteristics and
Follow-Up Data

The median follow-up period was 8.1 years {47 170 person-
years with a range of 0.1 to 25.3 years). There were 2137 deaths
during the follow-up period, with an average annual mortality of
45 deaths per 1000 person-years. The annual mortality rates for
the groups aged 65 to 70 and >70 years were 40.0 per 1000 and
49.6 per 1000 person-years, respectively (P<<0.001). More than
80% of the participants (n=4266) achieved a peak HR that was
at least 85% of the age-predicted value (34%; 358 of those who
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Table 1. Demographic and Clinical Characteristics of Study Participants

Total 65-70 y >70y
Demographic and Clinical Variables (n=5314) (n=2560) (n=2754) P*
Age, ¥ 71.4x50 67.3+1.6 75.3+3.9 <0.001
BMI, kg/m? 275447 27.9+4.9 27.0x45 <0.001
Resting HR, bpm 72x14 72x14 71+13 <0.001
Resting systolic BP, mm Hg 139+21 13720 140+22 <0.001
Resting diastolic BP, mm Hg 79+11 8011 78+11 <(0.001
CVD, % 36 36 Kl I 0.84
Previous Ml, % 24 24 24 0.87
Smoking, % 24 27 22 <0.001
Hypertension, % 56 54 57 0.07
Diabetes mellitus, % 20 20 19 0.53
Dyslipidemia, % 14.0 13.0 15.0 0.02
Treatment
[B-blocker, % 17 16 17 0.21
GCB, % 25 25 25 0.31
ACE-l, % 16 15 16 0.32
Diuretics, % 10 8 ' 11 <0.001
Aspirin, % 5 5 ' 6 0.003
Vasodilators, % 14 15 13 0.053
Statins, % 6 5 7 0.003
Exercise data
Peak HR, bpm 12823 13123 12522 <0.001
Peak systolic BP, mm Hg 179+31 182+31 17630 <0.001
Peak diastolic BP, mm Hg 85+16 87+15 84+16 <0.001
Peak METs, 3.5 mL O,/kg per minute 59+23 6.3+25 5420 <0.001
Ml indicates myocardial infarction; CCB, calcium channel blockers; and ACE-I, angiotensin-converting enzyme
inhibitors.

*Comparisons between the 2 age groups.

did not achieve this level were receiving 3-blockers). Participant
characteristics and exercise data for the entire cohort and the 2
age categories are presented in Table 1. Significant differences
among the 2 age categories were noted in all variables examined
except the prevalence of CVD, previous myocardial infarction,
hypertension, diabetes mellitus, and use of B-blockers, calcium
channel blockers, angiotensin-converting enzyme inhibitors, and
vasodilators (Table 1). Peak exercise HR and systolic and
diastolic BP were significantly different between the 3 groups.
The peak MET level was progressively and significantly lower
in the older age categories (Table 1). Comparisons between
fitness categories also revealed significant differences in all
variables examined except resting diastolic BP and the use of
B-blockers. Significant differences were also noted in all exer-
cise variables except peak diastolic BP (Table 2).

Predictors of All-Cause Mortality for the

Entire Cohort

Hazard ratios for exercise capacity for the entire cohort and
for each age category are presented in Table 3. With exercise
capacity introduced in the model as a continuous variable,
unadjusted data analysis revealed that mortality risk was
~13% lower for each 1-MET increase in exercise capacity
and 12% lower in the fully adjusted model for the entire
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cohort. Additional associations with all-cause mortality were
noted with diabetes mellitus (hazard ratio=1.30; confidence
interval [CI], 1.1 to 1.4; P<<0.001); smoking (hazard ra-
t10=1.29; CI, 1.2 10 1.4; P<<0.001); CVD (hazard ratio=1.12;
CI, 1.0 to 1.2); and BMI (hazard ratio=0.96; CI, 0.95 to 0.97;
P<0.001).

Risk of Mortality Across Fitness Categories for the
Entire Cohort
Relative mortality risks across fitness categories are presented in
Table 4, and survival curves are presented in the Figure.
Compared with those in the lowest 20th percentile of fitness
(peak MET level =4), the adjusted hazard ratio for those who
achieved 4.1 to 5.0 METs was not statistically significant.
Thereafter, the hazard ratios for mortality were progressively
lower as exercise capacity increased from 5.1 to 6.0 METs
(hazard ratio=0.62; CI, 0.54 to 0.71; P<0.001); to 6.1 to 7.0
METs (hazard ratio=0.53; CI, 0.46 to 0.62; P<0.001); to 7.1 to
8.0 METs (hazard ratio=0.53; CI, 0.44 to 0.64; P<<0.001); to 8.1
to 9.0 METs (hazard ratio=0.48; CI, 0.38 to 0.60; P<<0.001);
and >9 METs (hazard ratio=0.39; CI, 0.32 to 0.49; P<<0.001),
The trend for all fitness categories and all-cause mortality was
highly significant (P for trend <0.001).

No significant colinearity was noted with any of the
variables chosen for the Cox proportional hazards model
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Table 2. Demographic and Clinical Gharacteristics According to Fitness Categories
' Fitness Categories Based on Peak MET Level Achieved

Variables =4 4.1-5.0 5.1-6.0 6.1-7.0 7.1-8.0 8.1-9.0 >9.0 P for Trend
n 1083 1226 866 835 486 355 463
Age, y 72.4%53 72.1%5.1 71.6£50  70.8%45 70.7£5.0 704+47  69.4x40 <0.001
BMI, kg/m? 27.4%5.0 27750  28.0%48  27.7x46 27.0x4.1 27.0x40  264+35 <0.001
Resting HR, bpm 7515 73+14 7113 70+13 7013 6812 7013 <0.001
Resting systolic BP, mm Hg 14023 141x22 139+20 13720 13621 13821 13619 <0.001
Resting diastolic BP, mm Hg 79x12 7812 79211 8010 7911 79%11 8011 0.3
CvD, % 44 4 36 34 29 29 19 <0.001
Previous Ml, % 23 32 26 26 16 20 5 <0.001
Smoking, % 30 24 23 20 23 21 27 <0.001
Hypertension, % 55 57 61 55 52 54 48 <0.001
Diabetes mellitus, % 19 25 24 21 15 12 <0.001
Dyslipidemia, % 1 19 16 16 1 14 <0.001
Treatment

B-blocker, % 17 15 19 18 14 15 19 0.09

CCB, % 28 24 26 24 24 25 21 0.02

ACE-l, % 14 16 18 17 13 16 13 0.04

Diuretics, % 8 11 12 13 7 6 4 0.02

Aspirin, % 5 7 6 6 5 5 0.004

Vasodilators, % ) 23 14 11 10 11 10 11 <0.001

Statins, % 3 5 8 8 8 5 7 <0.001
Exercise data

Peak HR, bpm 11923 12125 12821 132+19 13619 13718 14320 <0.001

Peak systolic BP, mm Hg 16933 173x33 181x29 184+28 18428 188+27 187+24 <0.001

Peak diastolic BP, mm Hg 85+16 85+18 8615 8614 85+15 86+13 85%13 0.31

Peak METs, 3.5 mL 0,/kg per minute 32207 47+0.3 5.6+0.3 6.6+0.3 7.6+0.3 86+0.3  11.0+1.38 <0.00t

MI indicates myocardial infarction; CCB, calcium channel blockers; and ACE-I, angiotensin-converting enzyme inhibitors.

(highest condition index <24). There were also no significant
interactions relative to site by MET level (P=0.16), site by
fitness category (P=0.19), race by MET level (P=0.17), or
race by fitness category (P=0.27) on mortality risk. There-
fore, the analyses were not stratified by these factors.

Risk of Mortality Across Fitness Categories
According to Age Groups

Age-specific hazard ratios across fitness categories are also
presented in Table 4. The findings were similar to those
observed for the entire cohort. More specifically, compared
with those in the lowest 20th percentile (peak MET level =4),
the adjusted relative risks across fitness categories were 32%
to 63% lower in those who achieved an exercise capacity >5
METs in the group aged 65 to 70 years and 45% to 60% lower
for those older than 70 years.

Accounting for Reverse Causality

To account for the possibility that the higher mortality rates
observed in the low-fitness categories were the result of
underlying diseases (such as cachexia) or musculoskeletal or
peripheral vascular issues and not low fitness per se (reverse
causality), we undertook 3 approaches: (1) we excluded those
who died within the initial 2 years of follow-up; (2) we

excluded those who were not treated with 3-blockers but did
not achieve at least 85% of their age-predicted maximal HR
(to account for factors that may have impaired exercise
performance); and (3) we excluded those in the 2 lowest
fitness categories (=5 METs) with BMI <20. We then
repeated the survival analyses separately (for each exclusion),
as well as with all exclusions combined. In all 4 scenarios, the
association between exercise capacity and mortality risk
remained robust, and the risk reduction did not deviate

‘'substantially from that observed in the entire cohort (Table 5).
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Finally, we examined the association between change in
fitness and mortality in 867 individuals who had a second
exercise evaluation (ETT) at least 6 months after the initial
test (Table 6). On the basis of the significant reduction in risk
for >S5 METs noted in the entire cohort, we classified
individuals as unfit if the MET level achieved during the
initial exercise test was =<5 METs and classified as fit those
who achieved >5 METs. We then reclassified unfit individuals
who also achieved =5 METs on the follow-up exercise test
(remained unfit) as unfit-to-unfit (n=133; age=71%5 years;
time between evaluations=3.3+2.6 years) and those who
achieved >5 METs as unfit-to-fit (n=147; age=71*4 years;
time between evaluations=3.9+3.3 years). Similarly, individu-
als classified as fit at baseline but who achieved <5 METSs on
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Table 3. Mortality Risk Hazard Ratios for Exercise Gapacity of Entire Cohort and the 2 Age Categories

Variables No. of Deaths  Hazard Ratio 95% Cl P
All participants (n=5314) 2137
Exercise capacity (for each 1-MET increment), unadjusted model 0.87 0.84-0.88  <0.001
Exercise capacity (for each 1-MET increment) adjusted for age, BMI, 0.88 0.86-0.90  <0.001
resting BP, race, cardiovascular risk factors,* cardiovascular
medications,T and CVDf
Group aged 65-70 y (n=2560) 953
Exercise capacity (for each 1-MET increment), unadjusted model 0.87 0.85-0.90  <0.00t
Exercise capacity (for each 1-MET increment) adjusted for age, BMI, 0.88 0.85-0.80  <0.001
resting BP, race, cardiovascular risk factors, cardiovascular
medications, and CVD
Group aged >70y (n=2754) 1184
Exercise capacity (for each 1-MET increment), unadjusted model 0.86 0.83-88  <0.001
Exercise capacity (for each 1-MET increment) adjusted for age, BMI, 0.88 0.85-0.91  <0.001

resting BP, race, cardiovascular risk factors, cardiovascular

medications, and CVD

*Cardiovascular risk factors include hypertension, diabetes mellitus, dyslipidemia, and smoking.
tCardiovascular medications include B-blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors, diuretics,

nitrates, vasodilators, aspirin, and statins.

$CVD includes documented coronary artery disease, cardiac surgery for coronary artery disease, myocardlal infarction, stroke, heart

failure, and peripheral vascular disease.

the follow-up test were reclassified as fit-to-unfit (n=134;
age=70%4 years; time between evaluations=4.1£2.9 years)
and those who maintained a MET level >5 METs in both tests
as fit-to-fit (n=449; age=70x4 years; time between evalua-
tions=3.9%3.0 years).

In this subgroup, there were a total of 275 deaths during a
mean follow-up period of 4.0 years (range, 6 months to 16.4
years; median, 3 years). The unadjusted mortality rate was
50% for the unfit-to-unfit; 42% for the unfit-to-fit; 37% for
the fit-to-unfit; and 23% for the fit-to-fit. To assess the
relative mortality risk among these categories, we performed
a Cox proportional hazards analysis, adjusted for the same
factors used in the primary analysis, using the unfit-to-unfit
category as the reference group. The mortality risk was 61%
lower in the fit-to-fit group (hazard ratio=0.39; CI, 0.28 to
0.54; P<0.001) and 41% lower in the fit-to-unfit group
(hazard ratio=0.59; CI, 0.41 to 0.85; P=0.005). Individuals
who were unfit during the initial test but became fit by the
second test (unfit-to-fit) had a 35% lower mortality risk
(hazard ratio=0.65; CI, 0.46 to 0.93; P=0.019) compared
with subjects who were unfit at both examinations.

Discussion

In the present study, the association between exercise capac-
ity and all-cause mortality in older male veterans (65 to 92
years) was assessed. Our findings support an inverse, graded,
and independent association between impaired exercise ca-
pacity and all-cause mortality risk. For every 1-MET increase
in exercise capacity, the mortality risk was 12% lower for the
entire cohort and for the 2 age categories.

When fitness categories were considered, comparisons
between the Jowest fitness category (=4 METs) and those
who achieved 4.1 to 5.0 METs (next fitness category)
revealed similar risk. Mortality risk then declined significantly
for the remaining fitness categories, ranging from ~40% for
those who achieved 5.1 to 6 METs to 60% for those who
achieved >9 METs. We observed similar results when the
mortality and exercise capacity association was examined within
each age category. Collectively, these findings suggest that an
exercise capacity of >5 METs may be necessary for significant
health benefits for those aged =65 years and confirm previous
reports in broader age populations.!259

Table 4. Adjusted* Hazard Ratios for Mortality Risk of Entire Cohort and Within the 2 Age Groups According to Fitness Categories*

MET Level Achieved  Entire Cohort (n=5314)  No. of Deaths (%)

Age 65-70 y (n=2560)

No. of Deaths (%) Age >70y (n=2754) No. of Deaths (%)

=4 1.0 615 (57) 1.0 246 (56) 10 369 (58)
4.1-5 0.93 (0.83-1.04) 622 (51) 0.92 (0.77-1.1) 244 (50) 0.92 (0.79-1.06) 378 (51)
51-6 0.62 (0.54-0.71) 298 (34) 0.68 (0.56-0.84) 145 (36) 0.55 (0.46-0.67) 153 (33)
6.1-7 0.53 (0.46-0.62) 260 (31) 0.53 (0.42-0.85) 128 (30) 0.54 (0.44-0.66) 132 (32)
7.1-8 0.53 (0.44-0.64) 146 (30) 0.53 (0.42-0.69) 82 (30) 0.50 (0.38-0.65) 64 (30)
8.1-9 0.48 (0.38-0.60) 95 (27) 0.45 (0.33-0.62) 47 (23) 0.50 (0.37-0.67) 48 (32)
>9 0.39 (0.32-0.49) 101 (22) 0.37 (0.28-0.49) 61 (19) 0.40 (0.28-0.55) 40 (29)

Values in parentheses represent 95% Cls unless indicated otherwise.
*Adjusted for age (in years), peak METs achieved, resting systolic BP (mm Hg), BMI, ethnicity, CVD, cardiovascular medications (aspirin, angiotensin-converting
enzyme inhibitors, calcium channel blockers, B-blockers, diuretics, vasodilators, and statins), and risk factors (hypertension, diabetes mellitus, dyslipidemia, and

smoking).
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Fitness Categories 5 years 10 years 15 years 20 years
<4 METs 331724 535379 608/186 615/63
4.1-5.0 METs 302/853 525/400 605/176 622/48
5.1-6 METs 121/656 233/330 289/122 298/36
6.1-7 METs 93/644 179/343 2417168 260/49
7.1-8.0 METs 31/386 108/180 140/72 146/22
8.1-9.0 METs 43/275 70151 87/39 95/18
>9 METs 27/343 647210 100/55 101725

The inverse and graded association between exercise ca-
pacity and all-cause mortality is in accord with our previous
reports among middle-aged individuals'= and those from rela-
tively small studies in older individuals.® However, the 12%
reduction in risk for each 1-MET increase in exercise capacity is
somewhat lower than the 18% reported in a smaller study among
older subjects (n=514) from the Mayo Clinic.”

Several aspects of the present study make unique contri-
butions to existing knowledge by providing information on
the association between exercise capacity and mortality in
older individuals. First, the 5314 subjects make it one of the
largest studies to assess the association between fitness and
mortality in a clinically referred cohort of older subjects,
especially those aged 71 to 92 years (median age, 75 years;
n=2754). Moreover, it allowed the formation of fitness
categories per 1-MET increase in exercise capacity, which
provided a more precise assessment of the association be-
tween fitness and mortality risk.

The size of our cohort also allowed us to consider the
possibility that the higher mortality rates within the low
fitness categories were influenced by subclinical disease and
not exercise capacity per se (reverse causality). To account
for this, we excluded those who died within the initial 2 years
of follow-up, those who did not achieve at least 85% of
age-predicted maximal HR, and those in the 2 lowest fitness
categories with BMI <20. We then repeated the analysis after
each exclusion and with all exclusions combined. The simi-
larity in trends and magnitude of risk reduction observed
between the findings of the entire cohort (Table 4) and these
4 separate analyses (Table 5) argue against the likelihood of
reverse causality and support the validity of an association
between fitness and mortality risk.

Further evidence against reverse causality is provided by
the association between changes in exercise capacity over
time and mortality risk in individuals with repeat exercise

Table 5. Adjusted* Hazard Ratios for Mortality Risk According 1o Fitness Categories (Conditional Exclusion of Study Participants)

Excluding Deaths That Excluding Those Who Did Not Achieve  Excluding Those in the 2 Lowest  Excluding Those Who
Occurred During the First 2 y of =85% of PMHR and Were Not Fitness Categories (=5 METs) Met All 3

MET Level Achieved Follow-Up (n=4889) Treated With B-Blockers (n=4624) and BMI <20 (n=5186) Conditions (n=4228)
=4 1.0 1.0 1.0 1.0
4.1-5 0.93 (0.81-1.05) 0.88 (0.77-1.0) 0.92 {0.82-1.03) 0.86 (0.74-1.0)
5.1-6 0.67 (0.57-0.78) 0.54 (0.46-0.63) 0.62 (0.54-0.71) 0.58 {0.49-0.69)
6.1-7 0.60 (0.51-0.70) 0.51 (0.44-0.60) 0.54 (0.46-0.63) 0.57 (0.48-0.68)
7.1-8 0.55 (0.45-0.67) 0.51 (0.42-0.61) 0.53 {0.44-0.64) 0.52 (0.42-0.65)
8.1-9 0.52 (0.41~-0.66) 0.45 (0.36-0.57) 0.48 (0.39-0.60) 0.49 (0.38-0.69)
>9 0.43 (0.34-0.54) 0.37 (0.30-0.46) 0.39 (0.31-0.48) 0.42 (0.33-0.54)

Values in parentheses represent 95% Cls. PMHR indicates predicted maximal HR.
*Adjusted for age {in years), peak METs achieved, resting systolic BP (mm Hg), BMI, ethnicity, CVD, cardicvascular medications (aspirin, angiotensin-converting
enzyme inhibitors, calcium channel blockers, -blockers, diuretics, vasodilators, and statins), and risk factors (hypertension, diabetes mellitus, dyslipidemia, and

smoking).

-940-



796 Circulation August 24, 2010

Table 6. Clinical Characteristics of Individuals With a
Follow-Up Exercise Evaluation

Variables Baseline Foltow-Up P
n 867 867
Age, ¥* 70.3+4.3 72.6+4.6 <0.001
BM, kg/m? 275+47 27.3+4.3 0.56
Resting HR, bpm 70+13 7113 0.06
Resting systolic BP, mm Hg 140+20 139+20 0.2
Resting diastolic BP, mm Hg 81=11 7711 0.001
CVD, % 53 57 <0.001
Previous M! 30 37 <0.001
Smoking, % 37 27 <0.001
Hypertension, % 54 65 <0.001
Diabetes mellitus, % 20 30 <0.001
Dyslipidemia, % 19 29 <0.001
Treatment
B-blocker, % 13 25 <0.001
CCB, % 24 31 <0.001
ACE-l, % 13 23 <0.001
Diuretics, % 9 17 <0.001
Aspirin, % 6 7 0.7
Vasodilators, % 15 18 <0.08
Statins, % 4 16 <0.001

Ml indicates myocardial infarction; CCB, calcium channel blockers; and
ACE-], angiotensin-converting enzyme inhibitors.

tests. Compared with unfit individuals in both tests (unfit-to-
unfit), mortality risk was 61% lower in those who were
physically fit in both tests (fit-to-fit). The mortality risk was
34% lower in individuals defined as unfit during the initial
exercise test who became fit by the second test (unfit-to-fit).
This finding suggests that advancing from a low-fit to a fit
status yields significant health benefits even at an advanced
age. Another clinically important finding is that the fitness-
related health benefits are not ephemeral but are likely to
endure for some years. This notion is supported by the
observation that fit individuals who drifted into the unfit
category by the second test maintained 41% lower risk
compared with those who were unfit on both tests. Although
these findings are based on a relatively small number of
participants, they are strikingly similar to findings reported by
Blair and coworkers?! in a relatively young but larger cohort.
It is also noteworthy that the Veterans Affairs Health Care
System is unique in that it ensures equal access to healthcare
independent of a patient’s financial status.?? In addition, the
Veterans Affairs electronic healthcare database is uniquely
suited to determine mortality and other outcomes accurately
and facilitates risk-adjustment models to study outcomes.?
Thus, the system provides a unique opportunity to assess the
association between mortality and exercise capacity while
minimizing the influence of disparities in medical care.

Study Limitations

The inverse relationship between fitness and mortality may
not demonstrate cause because residual confounding may still
exist. Therefore, interventional studies are needed to confirm

such a causal relationship. Although similar relationships
have been demonstrated for CVD mortality, we only had
information on all-cause mortality and did not have data on
mortality related to cardiovascular interventions. In addition,
we did not have information on physical activity patterns in
all subjects; the extent to which exercise capacity reflects
physical activity patterns in our sample is unknown. The
onset of chronic diseases, their severity, and the duration of
therapy were not evaluated because of incomplete records.
Dietary information was also not available in our records. The
fact that 2 different exercise protocols were used to assess
fitness is also a potential limitation. Our previous work
suggests that the ramp protocol is somewhat more accurate in
predicting measured METs.!” However, separate analyses
from the 2 locations yielded similar results. Thus, the differ-
ences in protocols did not have a substantial impact. Finally,
our findings are based on men only and cannot be extrapo-
lated to women.

Clinical Implications

The present findings strongly support an inverse and graded
association between exercise capacity and mortality risk in
individuals aged 65 to 92 years. Similar to previous studies,
significant reductions in mortality risk are evident beyond the
fitness level represented by an exercise capacity of >5 METs.
This level of fitness is likely achievable by most olde:
individuals through 20 to 40 minutes of moderate daily
exercise, such as walking.2¢ The findings also suggest that the
health benefits associated with improved fitness are likely ic
endure for some years.

The association between fitness and mortality in olde
individuals is of particular public health significance in ligh
of the aging of the population. Importantly, our finding:
suggest that fitness-related health benefits are achieved re-
gardless of age or fitness status. Thus, these results extend the
public health message on the health benefits of fitness anc
physical activity to older individuals.2¢ Collectively, thest
results support the concept that exercise capacity should be
given as much attention by clinicians as other major rist
factors. Thus, physicians and other healthcare professional:
should encourage older individuals to initiate and maintain ¢
physically active lifestyle consisting of moderate-intensity
activities (brisk walking or similar activities) at any age. Suct
programs are likely to improve exercise capacity and lowe
the risk of mortality in older individuals.
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CLINICAL PERSPECTIVE

Our findings strongly support that increased exercise capacity is associated with significantly lower mortality risk in
individuals aged 65 to 92 years. Most health benefits are evident at fitness levels reflected by an exercise capacity >5
METs. This level of fitness is likely achievable by most individuals regardless of age through 20 to 40 minutes of moderate
daily exercise, such as brisk walking. In addition, improvement in fitness status even at this age appears to result in a
significant reduction in mortality risk. The association between fitness and mortality in older individuals is of particular
public health significance in light of the aging of the population. Our findings suggest that the fitness-related health benefits
are achieved regardless of age or fitness status. Thus, these results extend the public health message on the health benefits
of fitness and physical activity to older individuals. We urge that exercise capacity be given as much attention by clinicians
as other major risk factors. Individuals should be encouraged by healthcare professionals to initiate and maintain a
physically active lifestyle consisting of moderate-intensity activities (brisk walking or similar activities) at any age. Such
programs are likely to improve exercise capacity and lower the risk of mortality in older individuals.
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Cardiorespiratory Fitness

ORIGINAL INVESTIGATION

and the Risk for Stroke in Men

Sudhir Kurl, MD; Jari A. Laukkanen, MD; Rainer Rauramaa, MD, PhD, MSc; Timo A. Lakka, MD, PhD;
Juhani Sivenius, MD, PhD; Jukka T. Salonen, MD, PhD, MScPH

Background: Low cardiorespiratory fitness is consid-
ered to be a major public health problem. We examined
the relationship of cardiorespiratory fitness, as indi-
cated by maximum oxygen consumption (VO,max) with
subsequent incidence of stroke. We also compared
Vo,max with conventional risk factors as a predictor for
future strokes.

Methods: Population-based cohort study with an av-
erage follow-up of 11 years from Kuopio and surround-
ing communities of eastern Finland. Of 2011 men with
no stroke or pulmonary disease at baseline who partici-
pated in the study, 110 strokes occurred, of which 87 were
ischemic. The VO,max was measured directly during ex-
ercise testing at baseline.

Results: The relative risk for any stroke in unfit men
(Vo,max, <25.2 ml/kg per minute) was 3.2 (95% con-
fidence interval [CI], 1.71-6.12; P<<.001; P<<.001 for
the trend across the quartiles); and for ischemic stroke,
3.50 (95% CI, 1.66-7.41; P=.001; P<<.001 for trend

across the quartiles), compared with fit men (Vo,max,
>35.3 ml/kg per minute), after adjusting for age and
examination year. The associations remained statisti-
cally significant after further adjustment for smoking,
alcohol consumption, socioeconomic status, energy
expenditure of physical activity, prevalent coronary
heart disease, diabetes, systolic blood pressure, and
serum low-density lipoprotein cholesterol level for any
strokes or ischemic strokes. Low cardiorespiratory fit-
ness was comparable with systolic blood pressure, obe-
sity, alcohol consumption, smoking, and serum low-
density lipoprotein cholesterol level as a risk factor for
stroke.

Conclusions: Our findings show that low cardiorespira-
tory fitness was associated with an increased risk for any
stroke and ischemic stroke. The VO,max was one of the
strongest predictors of stroke, comparable with other
modifiable risk factors.

Arch Intern Med. 2003;163:1682-1688

REVIOUS STUDIES have shown
that physical activity'® and
good cardiorespiratory”*® fit-
ness have protective effects on
atherosclerotic cardiovascu-

From the Research Institute
of Public Health (Drs Kurl,
Laukkanen, Lakka, and

It is difficult to measure the total
amount, duration, frequency, or intensity
of habitual physical activity according to
self-reported questionnaires. Some stud-
ies on physical activity and stroke risk have

Salonen) and the Kuopio
Research Institute of Exercise
Medicine and Department of
Physiology (Drs Laukkanen,
Rauramaa, and Lakka),
University of Kuopio,

the Department of Clinical
Physiology and Nuclear
Medicine (Dr Rauramaa), and
the Department of Neurology
and Brain Research and
Rehabilitation Centre Neuron
(Dr Sivenius), University
Hospital of Kuopio, Kuopio,
Finland; and the Inner Savo
Health Centre, Suonenjoki,
Finland (Dr Salonen). The
authors have no relevant

financial interest in this article.

(REPRINTED) ARCH INTERN MED/VOL 163, JULY 28, 2003

lar disease, including coronary heart dis-
ease (CHD) and hypertension. In addi-
tion, physical activity may protect against
future stroke, "¢ although the relation be-
tween physical activity and the risk for
stroke has been inconsistent. In one study,
Herman et al'’ reported a graded dose-
response relation, whereas other stud-
ies'®2 have reported a nonlinear associa-
tion between physical activity and the risk
for stroke. Our previous study showed that
low maximum oxygen capacity (VO,max)
is associated with accelerated progression
of carotid atherosclerosis.'° However, there
are no cohort studies concerning the asso-
ciation between cardiorespiratory fitness
and the risk for stroke.

been based on crude physical activity mea-
surements classified as low or high cat-
egory during leisure time or at work."!* On
the other hand, cardiorespiratory fitness
measured directly by Vo,max during ex-
ercise testing provides a quantitative mea-
sure of physical activity, although it is gen-
erally assumed that cardiorespiratory fitmess
represents mainly physical activity, be-
sides other contributing factors such as age
and heredity. One of the most important
advantages of directly measured VO,max is
that it is an objective and quantitative mea-
sure of cardiorespiratory fitness.

In this study, we investigated the as-
sociation of VO,max as a measure of car-
diorespiratory fitness with the risk for any

1682
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stroke in a representative population-based sample of men
from eastern Finland. In addition, we compared Vo,max
with conventional risk factors as a predictor of future
strokes.

— T

SUBJECTS

Subjects were participants in the Kuopio Ischaemic Heart Dis-
ease Risk Factor Study, designed to investigate risk factors for
cardiovascular disease, carotid atherosclerosis, and related out-
comes in a population-based, randomly selected sample of men
in eastern Finland 2! Of the 3433 men aged 42, 48, 54, or 60 years
who resided in the town of Kuopio or its surrounding rural com-
munities, 198 were excluded because of death, serious disease,
or migration away from area. At baseline, examinations were con-
ducted on 2682 (82.9%) between March 20, 1984, and Decem-
ber 5, 1989, and 314 men had missing of VO,max values. Men
who had a history of stroke (n=69) or any pulmonary disease
such as bronchial asthma (n=96), chronic obstructive pulmo-
nary disease (n=197), and lung tuberculosis (n=104) were ex-
cluded. Some men (n=13) had 2 or more of these diseases at the
same time. Thus, complete data were available for 2011 men.

ASSESSMENT OF CARDIORESPIRATORY FITNESS

Cardiorespiratory fitness was assessed with a maximal symptom-
limited, exercise-tolerance test on an electrically braked bi-
cycle ergometer. For the 614 men examined by May 8, 1986,
the testing protocol consisted of a 3-minute warm-up at 50 W
followed by a step-by-step increase in the workload by 20 W/min.
The remaining 1698 men underwent testing with a linear in-
crease in workload by 20 W/min.

We used Vo,max as the measure of cardiorespiratory fit-
ness. A detailed description of the measurement of VO,max has
been given elsewhere.? In short, the respiratory gas exchange was
measured for the first 614 men by the mixing-chamber method,
and for the remaining 1698 men by a breath-by-breath method.
The VO,max was defined as the highest value for or the plateau
on oxygen uptake. The VO,max was also expressed in meta-
bolic units (metabolic equivalents of oxygen consumption). The
metabolic unit is the ratio of the metabolic rate during exercise
to the metabolic rate at rest. One metabolic unit corresponds to
oxygen uptake of 3.5 ml/kg per minute. An electrocardiogram
was registered continuously during the exercise stress test.

The common reasons for early stopping of the exercise test
were leg fatigue (n=735), exhaustion (n=207), breathless-
ness (n=155), and pain in the legs, joints, or back (n=50). The
test was discontinued because of cardiorespiratory symptoms
or abnormalities in 110 men. These included arrhythmias
(n=36), a marked change in systolic (SBP) (n=8) or diastolic
blood pressure (n=24), dizziness (n="7), chest pain (n=7), or
ischemic electrocardiographic changes (n=4).

ASSESSMENT OF COVARIATES

We assessed smoking, alcohol consumption, and blood pres-
sure>?*? as described previously. Body mass index was com-
puted as the ratio of weight in kilograms to the square of height
in meters; waist-to-hip ratio, the ratio of the circumferences of
the waist and the hip. Diabetes was defined as a fasting blood
glucose level greater than 110 mg/dL (>>6.1 mmol/L) or clini-
cal diagnosis of diabetes with dietary, oral, or insulin treat-
ment. We assessed socioeconomic status (SES) using a sum-
mary index that combined measures of income, education,
occupation, occupational prestige, material standard of living,
and housing conditions, all of which were assessed with the

self-administered questionnaire. A high value on the SES in-
dex indicated a low SES. Energy expenditure of physical ac-
tivity was computed by multiplying the duration and intensity
of each physical activity by body weight. The collection of blood
specimens and the measurement of serum lipid levels has been
described elsewhere.?>*

ASCERTAINMENT OF FOLLOW-UP EVENTS

Incident strokes from March 20, 1984, through December 5, 1989,
were ascertained through the FINMONICA stroke register.**
(FINMONICA indicates the Finnish part of the MONICA [Moni-
toring of Trends and Determinants in Cardiovascular Disease]
Stroke Study.) Information on stroke incidence from January 1,
1993, through December 31, 1998, was obtained by means of
computerized linkage to the Finnish national hospital dis-
charge registry and death certificate registers. Diagnostic infor-
mation was collected from hospitals and classified by a neurolo-
gist (J.S.) with diagnostic criteria identical to the FINMONICA
criteria. The sources of information on stroke were hospital docu-
ments, death certificates, autopsy reports, and medicolegal re-
ports. The diagnosis of stroke was based on sudden onset of clini-
cal signs or focal or global disturbance of cerebral function lasting
more than 24 hours (except in the case of sudden death or if in-
terrupted by surgical intervention) with no apparent cause other
than a vascular origin. Each suspected stroke (International Clas-
sification of Diseases, Ninth Revision [ICD-9] codes 430-431 and
International Classification of Diseases, 10th Revision [ICD-10] codes
160-161, 163, and G45-G46) was classified as (1) a definite stroke,
(2) no stroke, or (3) an unclassifiable event. The FINMONICA
stroke register data were annually rechecked with the data ob-
tained from the computerized national hospital discharge and
death registers. Definite strokes and unclassifiable events were
included in the group of any stroke. Each definite stroke was clas-
sified as (1) an ischemic stroke (ICD-9 codes 433-434 and ICD-10
code 163) or (2) a hemorrhagic stroke (ICD-9 codes 430-431
and ICD-10 codes 160-161). If the subject had multiple nonfa-
tal strokes during the follow-up, the first stroke was considered
the end point. The average follow-up time was 11 years (range,
0.2-14.8 years). A total of 110 first strokes occurred, of which
87 were ischemic and 23 hemorrhagic strokes.

STATISTICAL ANALYSIS

We examined the associations of VO,max with the risk factors
for strokes by covariate analyses and with the risk for stroke
by Cox proportional hazards modeling. The levels of Vo,max
were entered as dummy variables into forced Cox models. In
these analyses, VO,max was divided according to quartiles. Co-
variates were entered uncategorized, when possible, into the
Cox models. The following 2 different sets of covariates were
used: (1) age and examination years, and (2) age, examination
years, cigarette smoking, alcohol consumption, SES, energy ex-
penditure of physical activity, prevalent CHD, diabetes, SBP,
and serum low-density lipoprotein (LDL) cholesterol level. We
analyzed the predictive power of fully adjusted Cox models by
representing receiver operating characteristic curves of these
models together with the risk factors. The association be-
tween other conventional risk factors and the risk for stroke
was analyzed in the Cox model entering SBP, body mass in-
dex, alcohol consumption, and serum LDL cholesterol level as
quartiles except for smoking (yes or no), with age and exami-
nation years adjusted into models. Relative hazards, adjusted
for risk factors, were estimated as antilogarithms of coeffi-
cients from multivariate models. All tests for statistical signifi-
cance were 2-sided. The fit of the proportional hazards mod-
els was examined by plotting the hazard functions in different
categories of risk factors over time. The results indicated that
the application of the models was appropriate. All statistical
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Abbrewanons LDL low- dens&ty lipoprotein; Vo,max, maximum oxygen consumption.
Sl conversion factor: To convert cholesterol to millimoles per liter, multiply by 0.0259.

*Unless otherwise indicated, data are expressed as mean (SD).

tQuartile 1 indicates Vo,max of >35.3 mL/kg per minute; quartile 2, 30.3-35.3 mL/kg per minute; quartile 3, 25.2-30.2 mL/kg per minute; and quartife 4,

<25.2 mi/kg per minute.

$Denotes the lifelong exposure to smoking that was estimated as a product of years smoked and the number of tobacco products smoked daily at the time of

examination.

Ischemic Strokes

analyses were performed using the SPSS software, version 10.0
for Windows (SPSS Inc, Chicago, I11).

— R

BASELINE CHARACTERISTICS

In the beginning of the follow-up, the mean age of the
subjects was 52.8 years (range, 42.0-61.3 years). The mean
of Vo,max was 30.2 mL/kg per minute (range, 6.36-
65.4 ml/kg per minute). In our study, men with a low
Vo,max were older, consumed more alcohol, smoked, and
had higher serum LDL cholesterol levels and SBP com-
pared with those who had a high Vo,max (Table 1).

RISK FACTORS FOR STROKE

As continuous variables, the strongest and statistically
significant risk factors for any stroke were Vo,max
(P<.001), SBP (P<.001), SES (P<.001), and diabetes
(P=.02) after adjustment for age and examination years.
The respective risk factors as continuous variables for is-
chemic stroke were Vo,max (P<<.001), SBP (P<.001), SES
(P<.001), and diabetes (P=.003). An SD increase in
Vo,max (3.5 ml/kg per minute) decreased the risk for

Abbreviations: Cl, confidence interval; RR, relative risk; Vo,max, maximum oxygen consumption.
*Pulmonary disease includes chronic bronchitis, bronchial asthma, and pulmonary tuberculosis.
TAdjusted for age and examination years.
$P<.001 for linear trend.

§Adjusted for age, examination years, cigarette smoking, alcohol consumption, socioeconomic status, energy expenditure of physical activity, diabetes mellitus,
systolic blood pressure, and serum low-density lipoprotein cholesterol level.
[P = .01 for linear trend.

any strokes by 17% (95% confidence interval [CI], 14%-
8%) and ischemic stroke by 17% (95% CI, 25%-8%).

For testing the discriminatory power of the ad-
justed Cox model, we included age, examination years,
cigarette smoking, alcohol consumption, SES, energy ex-
penditure of physical activity, prevalent CHD, diabetes,
SBP, and serum LDL cholesterol level into the same model.
The area under the curve was 0.72 (95% CI, 0.68-0.78)
for ischemic stroke. After adding the VO,max into the
model, the receiver operating characteristic curve value
was 0.74 (95% CI, 0.67-0.76), representing good dis-
criminatory power of the model adjusted for the risk fac-
tors, although the area under the receiver operating char-
acteristic curve did not markedly change.

CARDIORESPIRATORY FITNESS
AND RISK FOR STROKE

Cardiorespiratory fitness was inversely related to the risk
for stroke (Table 2). Low cardiorespiratory fitness was
associated also with an increased risk for any stroke and
ischemic stroke. Men with low cardiorespiratory fitness
(Vozmax <25.2 ml/kg per minute [lowest quartile]) had
a3.24-fold risk for any stroke (95% CI, 1.71-6.12; P<<.001,

P<.001 for linear trend across the quartlles) and a 3.50-
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Abbreviations: BMI, body mass index
lipoprotein; RR, relative risk.

(calculated as weight in kilograms divided by the square of height in meters)

; Cl, confidence interval; LDL, fow-density

Sl conversion factor: To convert cholesterol to millimoles per liter, multiply by 0.0259.

*Adjusted for age and examination years.
+A smoker was one who had ever smoked cigarettes, cigars, or a pipe regu

fold risk for ischemic stroke (95% CI, 1.66-7.41; P=.001;
P<.001 for linear trend across the quartiles), compared
with men who had high cardiorespiratory fitness (Vo,max,
>35.3 ml/kg per minute [highest quartile]) after adjust-
ing for age and examination years.

Low cardiorespiratory fitness was associated with
a 2.30-fold risk for any stroke and a 2.40-fold risk for is-
chemic stroke, after additional adjustment for cigarette
smoking, alcohol consumption, SES, energy expendi-
ture of physical activity, prevalent CHD, diabetes, SBP,
and serum LDL cholesterol level (Table 2). When we ex-
cluded men with prevalent CHD (n=677), low cardio-
respiratory fitness (VO,max, <25.2 mL/kg per minute)
was related to a 1.93-fold risk for stroke (95% CI, 1.10-
3.22; P=.02) after adjustment for age, examination year,
cigarette smoking, alcohol consumption, SES, energy ex-
penditure of physical activity, diabetes, SBP, and serum
LDL cholesterol level.

OTHER RISK FACTORS FOR STROKE

The relative risks for stroke according to the quartiles of
SBP, body mass index, alcohol consumption, serum LDL
cholesterol level, and smoking status, adjusted for age
and examination year, are presented in Table 3. Hy-
pertensive men (SBP, >143 mm Hg) had a 2.73-fold risk
for any stroke and a 2.97-fold risk for ischemic stroke
compared with men with SBP of less than 122 mm Hg
(Table 3). Furthermore, men with slightly increased SBP

larly.

(133-143 mm Hg) had a more than 2-fold risk for any
stroke, as shown in Table 3.

Obesity (body mass index, >28.8) was associated
with a greater than 2-fold risk for any stroke and ische-
mic stroke (Table 3). On the other hand, alcohol con-
sumption had a protective effect because men who drank
moderate amounts of alcohol had a reduced risk for stroke,
indicating a U-shaped association between alcohol con-
sumption and stroke. Men consuming alcohol at 6.1 to
31.8 g/wk had a relative risk of 0.55 for any stroke and
0.54 for ischemic stroke (Table 3). Serum LDL choles-
terol level and smoking were not significantly associ-
ated with the risk for strokes in our study population.

B COMMENT _ p

Cardiorespiratory fitness, as measured by Vo,max dur-
ing exercise, had a strong inverse relation to the risk for
any stroke and ischemic stroke in middle-aged men from
eastern Finland. Furthermore, cardiorespiratory fitness
was at least as strong a risk factor as conventional risk
predictors for stroke, including SBP, obesity, alcohol con-
sumption, serum LDL cholesterol level, and smoking.
To our knowledge, this is the first population-
based follow-up study showing an inverse association be-
tween cardiorespiratory fitness, as indicated by directly
measured VO,max, and the risk for stroke. Our study
shows that excessive risk for stroke was observed among
men with the lowest level of Vo,max (<25.2ml/kg per
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