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Abstract
OBJECTIVES—To examine associations between functional capacity estimated from
cardiorespiratory fitness (CRF) and mortality risks in adults aged 60 and older.

DESIGN—Prospective study, averaging 13.6 years follow-up.

SETTING—Preventive medical clinic.

PARTICIPANTS—Four thousand sixty adults who completed preventive medical examinations
between 1971 and 2001; 24.7% women, mean age ± standard deviation 64.6 ± 4.9, body mass
index (BMI) 25.9 ± 3.8 kg/m2.

MEASUREMENTS—CRF was quantified as metabolic equivalents (METs) achieved during
maximal treadmill exercise. The lowest 20% of the age- and sex-specific MET distribution was
defined as having low CRF, the middle 40% moderate CRF, and the upper 40% high CRF. Cox
regression was used to estimate death rates (per 1,000 person-years), hazard ratios (HRs), and their
95% confidence intervals (CIs).

RESULTS—Nine hundred eighty-nine deaths occurred during follow-up. Death rates adjusted for
age, sex, and examination year were 30.9, 18.3, and 13.4 for all causes (P<.001); 15.9, 8.6, and 5.4
for cardiovascular disease (CVD) (P<.001); and 6.1, 4.9, and 4.2 for cancer (P=.04) for subjects
with low, moderate, and high CRF, respectively. After adjusting for smoking, abnormal
electrocardiograms at rest or while exercising, percentage of age-predicted maximal heart rate
achieved during exercise testing, baseline medical conditions, BMI, hypercholesterolemia, and
family CVD and cancer history, subjects with high CRF had notably lower mortality risk than
those with low CRF from all causes (HR = 0.59, 95% CI = 0.47–0.74) and from CVD (HR = 0.57,
95% CI = 0.41–0.80).
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CONCLUSION—CRF is an important independent predictor of death in older adults. The results
add to the existing evidence that promoting physical activity in older adults provides substantial
health benefits, even in the oldest old.

Keywords
functional capacity; exercise testing; mortality; cardiovascular diease; metabolic equivalents
(METs)

By 2030, 70 million people in the United States will be aged 65 and older, constituting 22%
of the population.1 To function independently and continue to perform activities of daily
living, older people need to maintain muscle strength and sufficient cardiovascular
functional capacity (FC).2 FC declines rapidly by age 75,2,3 with more than half of FC
typically lost by that age.4

Cardiorespiratory fitness (CRF), an objective measure used to estimate FC, has been found
to predict mortality from all causes, cardiovascular disease (CVD), and cancer across a
broad spectrum of ages.5-10 Whether the relationship between CRF and mortality differs by
age is unclear. A study of the protective effect of greater CRF for coronary events in initially
healthy men found differences in this effect between younger (<65) and older (≥65) men.
Their findings suggest the usefulness of a separate analysis for older adults, although in this
age group, data on the prognostic value of CRF, which can be measured using exercise tests
in routine clinical practice, are limited.11-14 Previous studies that included older participants
were limited by small sample sizes,11,14 combined fatal and nonfatal cardiac outcomes,11,14

or did not evaluate cancer mortality risk.5,11,13,14 An earlier report demonstrated that there
was an inverse association between functional testing and all-cause mortality in older
individuals.15 This earlier report was regarded as a preliminary analysis, because it included
a small number of deaths, which prevented a thorough investigation and a firm conclusion.
The present study extends our previous observations and focuses on the importance of
fitness, as estimated by maximal treadmill testing, as a predictor of mortality from all
causes, CVD, and cancer in a cohort of men and women aged 60 and older.

METHODS
Study Sample

Participants were 3,057 men and 1,003 women aged 60 and older who completed a baseline
clinical examination between 1971 and 2001 at the Cooper Clinic (Dallas, TX) and who
were enrolled in the Aerobics Center Longitudinal Study (ACLS). Inclusion criteria for the
current analyses required participants to have a maximal treadmill test at baseline, during
which they must have achieved at least 85% of their age-predicted maximal heart rate (220
minus age in years). One thousand seven hundred forty men and 460 women reported a
history of one or more of the following conditions at baseline: myocardial infarction, stroke,
hypertension, diabetes mellitus, or cancer. The majority of participants were Caucasian from
middle or upper socioeconomic strata. All participants provided written consent to
participate in the follow-up study. The Cooper Institute institutional review board annually
reviewed and approved the study protocol.

Clinical Data
The baseline examination was completed after an overnight fast of at least 12 hours and
included a physician examination and an extensive array of clinical measurements.6,8 Body
mass index (BMI, kg/m2) was computed from height and weight measured using a clinical
scale and stadiometer. Systolic and diastolic blood pressures were recorded at rest as the first
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and fifth Korotkoff sounds using standard auscultation methods.16 Hypertension was
defined as systolic blood pressure of 140 mmHg or greater, diastolic blood pressure of 90
mmHg or greater, or a history of physician diagnosis. Concentrations of total and high-
density lipoprotein cholesterol, triglycerides, and glucose were measured using automated
bioassays in accordance with the Centers for Disease Control and Prevention Lipid
Standardization Program. Diabetes mellitus was defined as fasting plasma glucose
concentration of 7.0 mmol/L or greater, a history of physician diagnosis, or insulin use.
Hypercholesterolemia was defined as total cholesterol of 6.20 mmol/L or greater. Personal
history of myocardial infarction, stroke, or cancer; family history of CVD or cancer;
smoking; and physical activity habits were obtained from a standardized questionnaire.

CRF was quantified as the duration of a symptom-limited maximal treadmill exercise test
using a modified Balke protocol.8,17 The treadmill test began with the patient walking 88 m
per minute at 0% grade. At the end of the first minute, elevation was increased to 2% and
thereafter increased 1% per minute until the 25th minute. Only 38 patients were able to
continue past 25 minutes. For these patients, the treadmill speed was increased by 5.4 m per
minute for each minute after the 25th. The test endpoint was volitional exhaustion or
termination by the physician for medical reasons. Patients were encouraged to give a
maximal effort. The high maximal heart rates achieved suggest that they did so. The mean
percentage ± standard deviation of age-predicted maximal heart rate achieved during
exercise was 101.4 ± 10.7 in women and 100.7 ± 12.1 in men. Exercise duration on this
protocol is highly correlated with measured maximal oxygen uptake in men18 (correlation
coefficient (r) = 0.92) and women19 (r = 0.94). Thus, CRF in this study is analogous to
maximal aerobic power and was used as an objective laboratory marker of exercise
participation during the months before the examination. Maximal metabolic equivalents
(METs, 1 MET = 3.5 mL oxygen uptake/kg per minute) were estimated from the final
treadmill speed and grade.20 One MET is an individual’s resting metabolic rate when sitting
or lying quietly; walking at a moderate pace on a level surface uses approximately 3.3
METs, race walking approximately 6.5 METs, and running at 12 minutes per mile
approximately 8.0 METs. MET values for a wide variety of physical activities have been
published.21

There is no widely accepted clinical categorization of the CRF phenotype. Low, moderate,
and high CRF exposures have previously been defined as the lower 20%, middle 40%, and
upper 40%, respectively, of the age- and sex-specific distribution of treadmill duration in the
overall ACLS population.22,23 The same approach was used in the current analysis to
maintain consistency in the study methods and because it has been found that low CRF,
defined in this way, is an independent predictor of mortality.6-8 CRF exercise durations for
the three fitness categories for men were low (<7.8 minutes), moderate (7.8–13.1 minutes),
and high (>13.1 minutes) and for women were low (<5.5 minutes), moderate (5.5–9.0
minutes), and high (>9.0 minutes). In equivalent MET values, the thresholds that defined
these categories were 7.2 and 9.5 METs for men and 5.8 and 7.6 METs for women.

Abnormal exercise electrocardiogram (ECG) responses included rhythm and conduction
disturbances and ischemic ST-Twave abnormalities, as described in detail elsewhere.24

Previously, 90% agreement has been found between the ECG interpretation recorded in the
database and a group of three physicians who read a random sample of 357 patient
records.24

Mortality Surveillance
All participants were followed from the date of their baseline examination until their death
or December 31, 2003. The National Death Index was the primary data source for mortality
surveillance, augmented with death certificates. The underlying cause of death was
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determined from the National Death Index report or by a nosologist’s review of official
death certificates obtained from the department of vital records in the decedent’s state of
residence. CVD mortality was defined as International Classification of Diseases, Ninth
Revision (ICD-9) codes 390 to 449.9 before 1999 and ICD-Tenth Revision (ICD-10) codes
I00 to I78 during 1999 to 2003. Cancer mortality was defined as ICD-9 codes 140 to 208
and ICD-10 codes C00 to C97. The mean duration of follow-up was 13.6 ± 7.4 (range 1–
33.0). Person-years of exposure was computed as the sum of follow-up time of decedents
and survivors. In 55,337 person-years of exposure, 989 deaths were identified (453 CVD,
263 cancer).

Statistical Analysis
Baseline characteristics of the population were estimated according to CRF category and
vital status. Differences in covariates were tested using Student t tests, chi-square tests, and
F-tests. Cox proportional hazards regression was used to estimate hazard ratios (HRs), 95%
confidence intervals (CIs), and mortality rates (deaths per 1,000 person-years of follow-up),
according to exposure categories. Multivariable analyses included controls for baseline
measures: age, sex, examination year, smoking status (current smoker or not), BMI (kg/m2),
hypercholesterolemia (yes or no), abnormal exercise ECG responses (present or not),
percentage maximal heart rate achieved during exercise testing, medical conditions (the
presence or absence, separately measured, of myocardial infarction, stroke, hypertension,
diabetes mellitus, or cancer), and family history of CVD or cancer (present or not).

Cumulative hazard plots grouped according to exposure suggested no appreciable violations
of the proportional hazards assumption. Events that occurred during the first year of follow-
up were excluded to reduce potential confounding caused by procedure-related deaths and
potential influence of undetected subclinical disease at baseline. Kaplan–Meier survival
curves were generated according to CRF for all-cause, CVD, and cancer mortality. The log-
rank test was used to determine whether any differences between the curves representing
low, moderate, and high CRF within each mortality outcome were statistically significant.
Supplementary analyses were performed to test for age- or sex-related interactions on the
association between CRF and outcomes using interaction terms. All P-values were
calculated assuming two-sided alternative hypotheses; P-values <.05 were taken to indicate
statistically significant comparisons. All analyses were performed using SAS statistical
software, version 9.1 (SAS Institute, Inc., Cary, NC).

RESULTS
At baseline, average age was 64.6 ± 4.9 in men and 64.8 ± 5.2 in women. Average BMI was
26.5 ± 3.5 in men and 24.2 ± 4.0 in women. There were 844 deaths (389 CVD, 225 cancer)
during 42,278 person-years of exposure in men and 145 deaths (64 CVD, 38 cancer) during
13,059 person-years of exposure in women. Table 1 shows baseline descriptive
characteristics based on vital status and CRF categories. As expected, exercise duration and
maximal METs were higher in survivors and the higher CRF groups, whereas age, systolic
blood pressure, serum cholesterol, sedentary behavior, current smoking, and chronic
diseases were greater in decedents and the low CRF group.

Table 2 shows unadjusted death rates for all causes, CVD, and cancer; HRs adjusted for age,
sex, and examination year (Model 1); and HRs with additional adjustments for baseline
measures of smoking, BMI, hypercholesterolemia, medical conditions, abnormal exercise
ECG, percentage maximal heart rate during exercise testing, and family history of CVD or
cancer (Model 2). The unadjusted all-cause mortality rates were 1.69 (30.9/13.4) and 2.31
(30.9/18.3) times as great for those with low CRF as for those with moderate and high CRF,
respectively. The analogous differences for CVD mortality were 1.85 and 2.94 times as
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great. The adjusted results of Model 1 similarly showed a notably declining risk of all-cause
and CVD mortality with increasing CRF (P<.001). After the additional adjustments of
Model 2, the all-cause and CVD mortality risks remained progressively lower with
increasing levels of CRF (both P≤.001). For example, the all-cause mortality risk for
subjects with moderate CRF in the fully adjusted model was 71% of the corresponding
mortality risk for those with low CRF (95% CI = 59–85%), whereas the risk for those with
high CRF was 59% of the corresponding mortality risk for those with low CRF (95% CI =
47–74%). The results also provide some evidence that cancer mortality rates may have been
greater in individuals with low CRF in Model 1 (P =.04), although in risk factor adjustment
Model 2 (P =.45) attenuated the borderline significance of this association. Sex-related
interactions, which would modify the association between low CRF and mortality, were not
found.

Whether other risk predictors modified the association between CRF and all-cause, CVD,
and cancer mortality was examined next (Table 3). After adjusting for differences in
baseline age, sex, examination year, and the other variables in Table 3, each 1-MET increase
in maximal exercise was, on average, associated with 9% to 43% lower all-cause mortality
risk, depending on the stratum (P<.05 in most strata), and 6% to 67% lower CVD mortality
risk (P<.05 in most strata). The consistency of the direction and magnitude of association
between fitness and all-cause and CVD mortality suggested that there was generally little
effect modification across risk factor categories.

One notable exception to this generalization was the much greater effect size observed in
those aged 80 and older at baseline, in whom, for example, the risk of CVD mortality was
67% greater in those with low fitness (HR for subjects aged ≤80 = 0.33, 95% CI = 0.12–
0.92, P 5.03). Figure 1 was created to examine whether baseline age modified the
association between CRF and mortality. As in Table 3, age was grouped into three
categories. There was weak statistical evidence of interaction between CRF and age in
predicting all-cause death (χ2

df=1 = 3.8, P = 5.05) and CVD death (χ2
df=1 = 1.14, P = .29),

although it is likely that statistical power to examine interaction effects was inadequate.
Adjusted for sex and examination year, there was a significant inverse gradient of all-cause
death rates across incremental CRF levels within each age group. Across age strata,
individuals in the lowest CRF group had a 1.9 to 3.5 times higher rate of total mortality than
those in the highest CRF group (Figure 1A). CRF was also inversely associated with CVD
mortality rates within age groups (Figure 1B).

Figure 2 shows the Kaplan-Meier curves for all-cause, CVD, and cancer mortality for
individuals with low, moderate, and high CRF. The corresponding log-rank test statistics
were 103.4 (P<.001), 87.5 (P<.001), and 4.2 (P =.12), respectively, again suggesting that the
differences in the survival curves were statistically significant for all-cause and CVD
mortality.

DISCUSSION
In the cohort of older adults followed for an average of 13.6 years, low CRF was strongly
associated with adjusted risk of death from all causes and CVD. These results are consistent
with previous findings that fitness level is an independent predictor of mortality from all
causes and CVD in middle-aged adults.8,25,26

It is well established that higher levels of CRF are related to lower risk of coronary heart
disease, some cancers, and physical disability. The various health benefits associated with
physical exercise include lowering BMI, blood pressure, and blood glucose levels and
improving the lipid profile; physical exercise also reduces effects of osteoporosis and helps
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maintain mobility and prolong independence.27 The precise mechanisms conferring
protection from physical exercise are unknown and may differ between younger and older
adults.11 Studies reveal that biological aging may increase oxidative stress, which
contributes to higher levels of inflammation,28 both of which may be reduced with
exercise.29,30

Studies have examined CRF and mortality in many diverse populations,5,6,8-10,31,32 although
there are insufficient data in older people.11,13,14 The current study extends previous
investigations of healthy middle-aged men and women by showing that CRF has a strong
inverse association with all-cause and CVD mortality, not only for older adults in general,
but also for those aged 70 and older with multiple morbidities.6-8 In a study from the
Baltimore Longitudinal Study of Aging,11 FC was as strong a predictor of coronary events
in older men as in younger ones. Another study from Olmstead County had similar
findings.14 Recently, it was reported that impaired FC was strongly related to death from all
causes.13 An earlier study reached similar conclusions,5 although these previous studies of
older adults enrolled few participants,11,14 had short follow-up time (<4 years),5,13

combined fatal and nonfatal cardiac outcomes,11,14 and did not evaluate specific mortality
risks such as mortality from CVD or cancer, both of which are common chronic diseases in
later life.5,11,13,14 The present study also extends an earlier preliminary report15 on fitness
and mortality in older individuals, showing that the inverse association was similar to that
observed in the overall ACLS population and that it remained after adjustments for multiple
potential confounding factors.

In contrast with other well-established traditional risk factor–mortality relationships, the lack
of age attenuation of the relationship between fitness and mortality is remarkable and
deserves comment. A significant trend was observed between CRF and all-cause and CVD
mortality across age strata, and the relationship was stronger with older age (Figure 1).
Studies have found a protective33-35 or no relationship36,37 between higher blood pressure
and mortality and an inverse relationship38 between BMI and mortality in older people. The
direction of these relationships is the reverse of what is typically found in younger and
middle-aged adults. The age attenuation in older adults may be attributable to competing
causes of mortality that become larger factors with older age. It may also reflect selection
factors that have allowed survival to older age. The lack of a similar age-attenuated
association between CRF and mortality risk in the current study provides further evidence of
the importance of enhancing functional capacity to achieve longevity.

CRF is a surrogate measure of physical activity. There is increasing evidence that physical
activity and higher CRF protect against cancers of the colon, lung, prostate, and breast.39-42

The small number of cause-specific cancer deaths (such as 7 breast cancer and 28 colon
cancer) in the current study prevented any meaningful analyses of the relationship between
CRF and cause-specific cancer mortality. Nevertheless unlike in previous reports from the
ACLS,7,8 the current data did not suggest that higher CRF levels protect older adults against
total cancer mortality, although the trend in the hazard analysis suggested that the risk of
death from cancer may be higher in those with low CRF. There are some possible
explanations for the lack of statistically significant findings with regard to CRF and cancer.
First, there was a small number of deaths in the low CRF group (n = 49), which limits
statistical power. Second, associations between physical activity and cancer tend to be
moderate, not always statistically significant, and some times only evident in subgroups or
for substantially high levels of activity.40,43 Finally, cancers are not homogenous.
Differences exist in etiology between different populations (e.g., younger or older
subgroups) or by type of end point (e.g., high vs low grade, incident vs fatal). It would be
useful to confirm these findings related to cancer and CRF in older adults with a prospective
study with a larger sample.
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Several factors should be considered when interpreting these results. A major strength of
this analysis, in contrast to most other reports on this topic, was the extensive baseline
clinical examination. Although undetected subclinical disease is always a concern in
observational studies, it is less likely to have occurred in this cohort because of the
comprehensive physical examination by a physician and the thorough clinical assessment
completed by each participant. Other strengths include use of maximal exercise testing to
quantify CRF, long follow-up, and multiple mortality outcomes. The study population was
limited to predominantly white, well-educated, middle- to upper-class older adults. This
limits the generalizability of the study’s findings, although this limitation should not affect
the study’s internal validity. Moreover, there is no compelling reason to assume that the
benefits of moderate and high fitness levels would be less in other socioeconomic groups.
There was insufficient information about medication use or dietary habits to include these
factors in the analysis. The inability to control for these factors may have biased the results
through residual confounding, although it seems unlikely that these factors would account
for all of the observed association between CRF and mortality. Future studies should include
such information whenever possible.

Although CRF has a genetic component (25–40%),44,45 usual physical activity habits are the
major determinant of fitness. The correlation between CRF and detailed records of regular
physical activity habits is high (r = 0.70–0.90).46,47 Numerous randomized and controlled
studies have shown that exercise training can improve fitness up to 30%20 and that bed rest
can reduce fitness.48 More recently, a striking finding was reported from the Dose-Response
to Exercise in postmenopausal Women Trial that even activity at the 4-kcal/kg per week
level (approximately 72 min/wk of moderate-intensity walking) was associated with a
significantly greater improvement in fitness than in women in the nonexercise control
group.49 That report found no significant difference in the effect of fitness improvement
between women younger than 55 and those aged 55 and older. These results also suggest
that older persons can increase fitness through regular physical activity.

The current report suggests a strong inverse association for older adults between estimated
FC and mortality for all causes and for CVD. This result was based on objective measures
and persisted after adjustment for clinical variables. More than 30% of the older survivors in
this study were not physically active; nor were more than 40% of the decedents. Clinicians
should pay particular attention to CRF when assessing risks of all-cause and CVD death.
They should strongly encourage their older patients to maintain an active lifestyle. These
findings also support current national and international physical activity promotion
campaigns by public health organizations. Older adults benefit from active lifestyles.
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Figure 1.
Sex- and examination year–adjusted death rates per 1,000 person-years according to
cardiorespiratory fitness (CRF) and age groups. (A) All-cause mortality, (B) cardiovascular
disease (CVD) mortality. White bars represent low CRF, striped bars moderate CRF, and
black bars high CRF.
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Figure 2.
Kaplan–Meier plots for mortality due to (A) all causes, (B) cardiovascular diseases (CVD),
and (C) cancer.
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Table 2

All-Cause, Cardiovascular Disease (CVD), and Cancer Mortality According to Cardiorespiratory Fitness
(CRF) Group in Older Adults

Cause of Death

Deaths,

n (rate)
*

Model 
†

Model 2
‡

Hazard Ratio (95%
Confidence Interval)

All causes

 Low CRF 256 (30.9) 1.00 (Referent) 1.00 (Referent)

 Moderate CRF 415 (18.3) 0.59 (0.51-0.69) 0.71 (0.59-0.85)

 High CRF 318 (13.4) 0.43 (0.37-0.51) 0.59 (0.47-0.74)

 Pfor linear trend <.001 < .001

CVD

 Low CRF 134 (15.9) 1.00 (Referent) 1.00 (Referent)

 Moderate CRF 194 (8.6) 0.54 (0.44-0.68) 0.77 (0.59-1.00)

 High CRF 125 (5.4) 0.34 (0.27-0.44) 0.57 (0.41-0.80)

 P for linear trend < .001 .001

Cancer

 Low CRF 49 (6.1) 1.00 (Referent) 1.00 (Referent)

 Moderate CRF 111 (4.9) 0.80 (0.57-1.13) 0.92 (0.61-1.37)

 High CRF 103 (4.2) 0.70 (0.49-0.99) 0.84 (0.52-1.34)

 P for linear trend .04 .45

*
Rate per 1,000 person-years adjusted for age, sex, and examination year.

†
Adjusted for age, sex, and examination year.

‡
Adjusted for the above plus current smoking (yes or no), body mass index, hypercholesterolemia (yes or no), baseline medical conditions

(myocardial infarction, stroke, hypertension, diabetes mellitus, or cancer, yes or no for each), family history of CVD or cancer (yes or no),
abnormal exercise electrocardiogram response (yes or no), and percentage maximal heart rate achieved during exercise testing.
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