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Abstract
Background—The inverse, dose-dependent association between cardiorespiratory fitness and
mortality is well-established; however, the pattern of the association between low fitness and
mortality across short- (0 to 10 years), intermediate- (10 to 20 years), and long-term (>20 years)
follow-up has not been studied.

Methods and Results—We included 46 575 men and 16 151 women (mean age 44 years) from
the Cooper Center Longitudinal Study. Participants were categorized as either “low fit” or “not
low fit,” based on age- and sex- adjusted treadmill times, and were followed for mortality,
determined from the National Death Index. Multivariable-adjusted Cox proportional hazards
models were constructed to compare the association between fitness and traditional risk factors,
with mortality outcomes across short-, intermediate-, and long-term follow-up. After a median
follow-up of 16 years, there were 1295 cardiovascular disease and 2840 noncardiovascular disease
deaths. Low fitness was associated with all-cause mortality across all periods in men [0 to 10
years: hazard ratios (HR), 1.99 (95% confidence interval [CI], 1.66 to 2.40); 10 to 20 years: HR,
1.61 (95% CI, 1.41 to 1.84); and >20 years: HR, 1.42 (95% CI, 1.27 to 1.60)] and in women [0 to
10 years: HR, 1.98 (95% CI, 1.27 to 3.10); 10 to 20 years: HR, 1.90 (95% CI, 1.40 to 2.56); and
>20 years: HR, 1.54 (95% CI, 1.15 to 2.07)]. Similar results were seen for both cardiovascular
disease and noncardiovascular disease mortality. Although these associations were also consistent
across most subgroups, low fitness appeared to be most strongly associated with mortality in the
short term among individuals at highest short-term risk (ie, older age, abnormal exercise test).

Conclusions—Similar to traditional risk factors, fitness is associated with mortality across
short-, intermediate-, and long-term follow-up.
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Traditional cardiovascular disease (CVD) risk factors are associated with mortality across
short-term (ie, <10 years), intermediate-term (ie, 10 to 20 years), as well as long-term (>20
years) follow-up.1–4 Although most traditional risk factors (ie, blood pressure, etc) are
associated with mortality across both short-term and long-term follow-up,5,6 risk factors that
reflect the presence of existing disease (ie, major ECG abnormalities) appear to be strongest
in the short term, with no association across longer periods of follow-up.1 Therefore, the
association between a risk factor and CVD across short-, intermediate-, and long-term
follow-up can provide insight into the nature of the association between the risk factor and
mortality.

The inverse association between cardiorespiratory fitness (fitness) and both CVD and non-
CVD mortality has been well-characterized.7–10 Low fitness is also associated with both
preexisting disease and with the development of risk factors such as diabetes11–13 and
hypertension12,14,15 in the future; however, the pattern of association between fitness and
mortality across different periods of follow-up remains uncertain, and, to our knowledge, it
has not been well-studied. Therefore, we sought to characterize the association between
fitness and both CVD and non-CVD mortality across short- (0 to 10 years), intermediate-
(10 to 20 years), and long-term (>20 years) follow-up in a healthy cohort of men and women
in the Cooper Center Longitudinal Study (CCLS). We hypothesized that low fitness would
be associated with both CVD and non-CVD mortality across short-, intermediate-, and long-
term follow-up. We further hypothesized that low fitness would confer the greatest risk in
the short term among individuals at the highest short-term risk.

Methods
For our primary analysis, we included 46 575 men and 16 151 women, who underwent
clinical examination at the Cooper Clinic in Dallas, Tex., between 1971 and 2006, after
excluding participants with a history of myocardial infarction (n=739) and abnormal
exercise ECG (n=3585). Participants with an abnormal ECG response were excluded for all
primary analyses, with the exception of 1 prespecified analysis among participants with and
without an abnormal exercise ECG (see below for further details).

Individuals in the CCLS were either self-referred or were referred by their employer or
personal physician. Details of the clinical examination and the study cohort have been
published previously.16,17 Participants completed a comprehensive clinical examination,
which included a self-reported personal and family history; standardized medical
examination by a physician; fasting blood levels of total cholesterol, triglycerides, and
glucose; as well as a maximal treadmill exercise test. Body mass index was calculated from
measured height and weight. Participants signed an informed consent for the clinical
examinations and inclusion in the research database, and the study was reviewed and
approved annually by the institutional review board of The Cooper Institute, as well as The
University of Texas Southwestern Medical Center.

Fitness was measured in the CCLS by a maximal treadmill exercise test, using the modified
Balke protocol. In this protocol, treadmill speed is initially set at 88 m/min. In the first
minute, the grade is set at 0%, followed by 2% in the second minute, and an increase of 1%
for every minute thereafter. After 25 minutes, the grade remains unchanged, but the speed is
increased 5.4 m/min for each additional minute until the test is terminated. Participants were
encouraged not to hold onto the railing and were given encouragement to exert maximal
effort. The test was terminated by volitional exhaustion reported by the participant or by the
physician for medical reasons. As described previously, the test time using this protocol
correlates highly with directly measured maximal oxygen uptake (r=0.92).18
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Mortality Surveillance
Study participants were followed up for mortality from the date of the initial, complete
clinical examination through 2006. Before 1979, follow-up was completed by direct mail,
telephone, contact with employer, and matching of records with Social Security
Administration files. After the development of the National Death Index in 1979, all-cause
mortality and deaths due to CVD (as indicated by the International Classification of
Diseases, Ninth Edition codes 390.0 to 458.9 or equivalent codes from the International
Classification of Diseases, Eighth Edition or International Classification of Diseases, Tenth
Edition) were included. Non-CVD mortality was defined as any death not meeting these
criteria for CVD death. Additional details regarding follow-up of the CCLS cohort have
been described previously in detail.16,17

Statistical Analyses
In accordance with standard approaches to the analysis of fitness data, treadmill times were
compared with age- and sex-specific normative data on treadmill performance within the
CCLS, allowing each individual’s treadmill time to be classified into an age- and sex-
specific quintile of fitness. Individuals in quintile 1 were categorized as “low fit,” and
individuals in quintiles 2 to 5 were categorized as “not low fit.” In addition to categorizing
fitness in these categories, we examined the association between fitness and mortality with
fitness as a continuous variable (ie, per metabolic equivalent). Using well-characterized
regression equations, treadmill times from the Balke protocol allow for estimation of fitness
level in metabolic equivalents.18

To determine the strength of the association between fitness and mortality across time, the
follow-up period was divided into 3 separate, mutually exclusive time periods: 0 to 10 years,
10 to 20 years, and >20 years. For example, a participant surviving for 25 years provided 10
years of follow-up for the first follow-up interval (0 to 10 years), 10 years of follow-up for
the second interval (10 to 20 years), and 5 years of follow-up for the third interval (>20
years).

Cox proportional hazards models were constructed for each follow-up period for all
outcomes separately, including CVD mortality, non-CVD mortality, and total mortality. All
models were multivariable and included baseline continuous measurements for age, systolic
blood pressure, serum total cholesterol, body mass index, and triglycerides. In addition, all
models included baseline categorical assessments of smoking (current smoking yes versus
no), diabetes (yes versus no), and low fitness (low-fit versus not low-fit, see above for
details). In secondary analyses, fitness was also assessed as a continuous variable, using
treadmill times from the Balke protocol to estimate fitness level in metabolic equivalents.18

We also examined for effect modification by assessing the association between fitness and
CVD, non-CVD, and total mortality across prespecified subgroups: diabetes (yes/no),
current smoking (yes/no), hypertension (yes/no), body mass index (BMI) (above/below
median), and age (above/below median). In all subgroup analyses, we combined men and
women to conserve statistical power because of the overall similar pattern of results in men
and women. All models were adjusted for continuous variables, including age, systolic
blood pressure, total cholesterol, body mass index, triglycerides, as well as sex, for
subgroups other than the categorical stratification variable. For instance, when we evaluated
the association between fitness and mortality among participants with and without diabetes,
we adjusted for all continuous covariates and sex and not for diabetes status. For models
stratified by continuous variables, the continuous variable was still included in the subgroup
model. We also examined the association between fitness and mortality across different
periods of follow-up stratified by the presence or absence of an abnormal ECG response. For
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this particular secondary analysis, we examined the association between fitness and total
mortality across different follow-up times among participants with (N=3579) and without an
abnormal ECG response (N=62 726). Finally, to test for a birth cohort effect for fitness, we
estimated the association between fitness and total mortality among men and women with a
median birth year <1947 and median birth year ≥1947. In both of these secondary analyses,
men and women were combined, and all models were multivariable-adjusted for age, sex,
systolic blood pressure, total cholesterol, body mass index, triglycerides, smoking status,
and diabetes.

To compare the relative strength of the association between each risk factor and mortality in
the separate follow-up periods, standardized coefficients and standard errors for each risk
factor were compared across the 3 follow-up intervals. Because the estimated coefficients
from the 3 time intervals are independent under the Cox proportional hazards model, we
examined for trends in the associations by testing the changes in the coefficients from the 3
time intervals using a χ2 test with 2 degrees of freedom. We interpreted a probability value
of <0.05 to suggest that the strength of the association between the risk factor and CVD
death was different across the follow-up periods. Aside from the analysis by median age,
this technique was not applied to subgroup analyses, given the large variations in sample
size among most subgroups. All statistical analyses were performed using SAS for Windows
(release 9.2; SAS Institute, Inc).

Results
Baseline characteristics among the 46 575 men and 16 151 women in the study sample
reveal expected sex differences in risk factor levels, with higher traditional risk factor
burden in men compared with women (Table 1). After a median follow-up of 16 years, there
were 1295 CVD deaths and 2840 non-CVD deaths. Because of the large study sample with
long-term follow-up, there were a large number of person-years of follow-up across each
decade, with higher mortality rates in the second and third decade (Table 2). Additionally,
there were more non-CVD deaths for both men and women, and the number of CVD deaths
in women across all decades of follow-up was smaller as compared with men.

The multivariable-adjusted hazard ratios for total mortality demonstrate expected differences
in the strength and significance of the associations between traditional risk factors and total
mortality across short-, intermediate-, and long-term follow-up (Table 3). Most risk factors
tended to decrease in significance across later periods of follow-up, whereas other risk
factors, such as body mass index, tended to increase in magnitude across later periods of
follow-up. Similar to these latter risk factors, the association between fitness and total
mortality also remained significant over all follow-up periods, with slightly lower hazard
ratios in the final decades of follow-up. When fitness was examined as a continuous
covariate, the pattern of results was similar in men [0 to 10 years: HR, 1.22 (95% CI, 1.17 to
1.27), 10 to 20 years: HR, 1.14 (95% CI, 1.10 to 1.17), and >20 years: HR, 1.09 (95% CI,
1.06 to 1.12)] and women [0 to 10 years: HR, 1.23 (95% CI, 1.10 to 1.38), 10 to 20 years:
HR, 1.07 (95% CI, 0.99 to 1.16), and >20 years: HR, 1.24 (95% CI, 1.12 to 1.36)]. In
general, these findings were similar in both men and women, with wider confidence
intervals in women. Additionally, there was no difference in these findings when glucose
levels, diastolic blood pressure, and hypertension status were added as additional covariates
in the model (data not shown).

Figure 1 demonstrates the temporal stability of the association between fitness and CVD,
non-CVD, and total mortality across short- (0 to 10 years), intermediate- (10 to 20 years),
and long-term (>20 years) follow-up. When we analyzed fitness as a continuous variable, we
observed a similar pattern of results (data not shown). Overall, the patterns of these
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associations were consistent across most subgroups for both CVD and non-CVD mortality
(Table 4); however, among participants with diabetes, the association between low fitness
and non-CVD mortality was strongest in the first 10 years and attenuated across later
follow-up periods and was no longer significant at >20 years of follow-up [HR, 1.1 (95%
CI, 0.7 to 1.7)]. In our analysis, stratified by median birth year, there was no difference in
the association between fitness and all-cause mortality over the entire follow-up period
(P=0.86), suggesting the absence of a birth cohort effect in our findings.

Among individuals above the median age (43 years), the association between fitness and
total mortality diminished but remained significant across short-, intermediate-, and long-
term follow-up (P=0.002). In contrast, in younger individuals, the association between low
fitness and total mortality remained unchanged (P=0.97) (Figure 2). Finally, among
individuals with an abnormal ECG response (N=3579), there were 601 all-cause deaths over
all 3 follow-up periods. In this group, the association between fitness and total mortality was
strongest in the short term but attenuated across longer periods of follow-up and was no
longer significant at >20 years (Figure 3).

Discussion
In the present study, we observed several important findings. First, the association between a
single, baseline measure of low fitness and all-cause mortality persisted across 0 to 10, 10 to
20, and >20 years of follow-up in a large cohort of healthy men and women. We observed
an overall similar pattern of results in both men and women for both CVD and non-CVD
mortality, with wider confidence intervals in women, reflecting the smaller number of CVD
deaths in women. Second, similar to other traditional risk factors, the relative strength of the
association between low fitness and total, CVD, and non-CVD mortality attenuated
somewhat across 0 to 10, 10 to 20, and >20 years of follow-up, with stronger associations
between fitness and mortality in short-term as compared with long-term follow-up periods.
Although these associations were consistent across most subgroups, low fitness appeared to
be most strongly associated with mortality in the short term among individuals at highest
short-term risk (ie, older age, abnormal exercise test).

Numerous studies, including the Harvard Alumni Health Study,19,20 British Regional Heart
Study,4 and a Copenhagen study,21 among others,22 have demonstrated an inverse
association between physical activity and mortality. A similar association has been
demonstrated between physical fitness and mortality.17,23,24 Additionally, metabolic
equivalent levels and heart rate recovery have been shown to be predictive of CVD mortality
across a period of >20 years of follow-up in patients studied in the Lipid Research Clinics
Prevalence Study.25,26 Recently, we observed that a single measurement of fitness was
associated with the lifetime risk for CVD mortality, even after adjustment for competing
risks from non-CVD mortality27; however, this approach does not allow for the direct
assessment of the temporal stability of the association between fitness and both non-CVD
and CVD mortality across unique periods of follow-up.

Prior studies have examined the association between risk factors and mortality across
different periods of follow-up, demonstrating 3 different patterns in the strength of the
associations for different risk factors and mortality across short-, intermediate-, and long-
term follow-up.5,6 First, most traditional risk factors (such as total cholesterol, systolic blood
pressure, and diabetes) appear to attenuate across longer periods of follow-up, reflecting
subsequent changes in risk factor levels across time (ie, treatment effects).1,2 Second, other
risk factors, such as obesity, confer the greatest risk in the long term because of their
contribution to the development of additional traditional risk factors in the future.28 Third,
risk factors that reflect the presence of preexisting disease (ie, major ECG abnormalities) are
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strongest in the short term and do not appear to confer an increased risk across later follow-
up periods.1

In the present study, we observed that the association between low fitness and mortality was
similar to most traditional risk factors and was strongest in the short term, with some slight
attenuation across longer periods of follow-up. The association between a risk factor and
mortality diminishes across time for several different reasons, including changes in the risk
factor over time, downstream treatment effects, and competing risks.1 It is likely that the
attenuation of fitness across time reflects 1 or more of these mechanisms. For example, low
fitness in midlife is associated with an increased risk of diabetes11–13 and
hypertension12,14,15 in the future; however, downstream treatment of these risk factors
across longer periods of follow-up would lessen the overall effect of fitness on mortality.
Although low fitness in early and midlife is strongly associated with the development of
future CVD risk factors such as diabetes11–13 and hypertension,12,14,15 we did not observe
an increase in mortality risk across time for fitness as we did for BMI (Table 3); however,
among younger adults at lowest risk in the short term, we observed a consistent association
between low fitness and mortality across all follow-up intervals, suggesting the potential
contribution of low fitness in midlife to the development of traditional risk factors in later
life (Figure 2).

In contrast, we observed a different pattern of results among individuals with an abnormal
exercise ECG response, with a very strong association in the short term but no association in
the long term, suggesting that low fitness in this subgroup reflects the presence of
preexisting disease (Figure 3). Thus, the mechanisms through which low fitness confers an
increased risk on mortality are likely not uniform across all participants. In higher-risk
individuals, low fitness reflects, at least in part, the presence of preexisting disease. In
contrast, among lower-risk individuals earlier in life, low fitness behaves more like a
traditional risk factor.

This study has several important limitations. First, given that patients in the CCLS cohort
tend to be well-educated, of high socioeconomic status, and have a lower traditional risk
factor burden, caution must be taken in generalizing these results to the general population.
Despite these differences, the fitness levels and influence of traditional risk factors in the
CCLS are similar to those in the general population.29 Second, it has been shown that there
can be misclassification of non-CVD deaths as CVD death among older individuals using
death certificates to determine cause of death.30 Thus, the influence of fitness on CVD
mortality may be underestimated in this analysis, particularly, across later follow-up periods
among older adults. Finally, we examined the association between 1 measurement of fitness
and mortality across long-term follow-up, and, therefore, the attenuation in the association
between fitness and mortality could also reflect downstream changes in fitness levels.

In summary, we observed that low fitness was associated with all cause, CVD, and non-
CVD mortality across short-term (0 to 10 years), intermediate-term (10 to 20 years), and
long-term (>20 years) follow-up. Similar to other traditional risk factors, the strength of the
association between low fitness and mortality was strongest in the short term, with some
attenuation across long-term follow-up.
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WHAT IS KNOWN

• Cardiorespiratory fitness, like traditional cardiovascular risk factors, is
associated with mortality over short-term and long-term follow-up.

• Low fitness is associated with preexisting disease and the development of future
risk factors, including diabetes and hypertension.

WHAT THE STUDY ADDS

• A single baseline measure of low fitness is associated with both CVD and non-
CVD mortality across 3 decades of follow-up.

• The pattern of the association between low fitness and mortality across time
differs among high- and low-risk individuals.

• Among higher-risk individuals, the association between low fitness and
mortality appeared to be stronger in the short term, likely reflecting the presence
of preexisting disease.

• Among lower-risk individuals, low fitness appears more similar to a traditional
risk factor, with a more consistent association with mortality across each follow-
up period.
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Figure 1.
A, Multivariable-adjusted hazard ratios (95% confidence intervals [CI]) for low fitness and
Total Mortality, Non-CVD Death, and CVD Death for 0 to 10 years, 10 to 20 years, and >20
years of follow-up in men. B, Multivariable-adjusted hazard ratios (95% CI) for low fitness
and Total Mortality, Non-CVD Death, and CVD Death for 0 to 10 years, 10 to 20 years, and
>20 years of follow-up in women. Both models were adjusted for baseline continuous
variables, including age, systolic blood pressure, serum total cholesterol, body mass index,
and triglycerides as well as categorical variables, including smoking (yes/no) and diabetes
(yes/no). P<0.05 suggests that the strength of the association between fitness and the
outcome was different across the follow-up periods.
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Figure 2.
Multivariable-adjusted hazard ratios for low fitness and total mortality across 0 to 10 years,
10 to 20 years, and >20 years of follow-up, stratified by age <43 or ≥43. Men and women
were combined, and models were adjusted for sex, as well as age, systolic blood pressure,
serum total cholesterol, body mass index, triglycerides, current smoking (yes/no), and
diabetes (yes/no). P<0.05 suggests that the strength of the association between fitness and
total mortality was different across the follow-up periods.
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Figure 3.
Multivariable-adjusted hazard ratios for low fitness and total mortality across 0 to 10 years,
10 to 20 years, and >20 years of follow-up, stratified by exercise ECG response (positive
versus negative). Men and women were combined, and models were adjusted for sex, as
well as age, systolic blood pressure, serum total cholesterol, body mass index, triglycerides,
current smoking (yes/no), and diabetes (yes/no).
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Table 1

Baseline Characteristics of Men and Women in the Cooper Center Longitudinal Study

Overall N=62 726 Men N=46 575 Women N=16 151

Age, y 43.98 (9.77) 43.99 (9.53) 43.98 (10.44)

Systolic blood pressure, mm Hg 119.6 (14.21) 121.9 (13.37) 113.07 (14.52)

Diastolic blood pressure, mm Hg 80.2 (9.91) 81.62 (9.62) 76.17 (9.62)

Hypertension 18 035 (29%) 15 118 (32%) 2917 (18%)

Total cholesterol, mg/dL 205.27 (39.64) 207.55 (39.93) 198.69 (38.03)

Body mass index, kg/m2 25.89 (4.31) 26.74 (3.94) 23.44 (4.41)

Triglycerides, mg/dL 126.95 (102.27) 138.37 (110.25) 94.03 (64.09)

Smokers, N (%) 9839 (16%) 8274 (18%) 1565 (10%)

Diabetes, N (%) 2296 (4%) 1950 (4%) 346 (2%)

Glucose, mg/dL 98.42 (16.42) 100.15 (16.92) 93.45 (13.73)

Low fitness, N (%) 9935 (16%) 7932 (17%) 2003 (12%)

Data are presented as mean (SD) or N (%).
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Table 3

Multivariable-Adjusted* Hazard Ratios for Total Mortality Across 0 to 10 y, 10 to 20 y, and >20 y of Follow-
Up Among Participants From the Cooper Center Longitudinal Study

Variable 0 to 10 y 10 to 20 y > 20 y P*

Men

 Systolic blood pressure (per SD) 1.22 (1.10 to 1.35) 1.23 (1.14 to 1.32) 1.19 (1.12 to 1.27) 0.032

 Diabetes (yes vs no) 1.76 (1.38 to 2.25) 1.26 (1.04 to 1.52) 1.14 (0.97 to 1.34) 0.007

 Cholesterol (per SD) 1.13 (1.04 to 1.22) 0.92 (0.87 to 0.98) 1.04 (0.99 to 1.10) <0.0001

 Smoking (yes vs no) 1.60 (1.33 to 1.91) 1.72 (1.52 to 1.95) 1.65 (1.47 to 1.84) 0.488

 Triglycerides (per SD) 0.99 (0.94 to 1.04) 1.05 (1.03 to 1.08) 1.04 (1.01 to 1.06) 0.089

 BMI (per SD) 0.97 (0.91 to 1.03) 1.07 (1.02 to 1.12) 1.10 (1.05 to 1.15) <0.0001

 Continuous METs 1.22 (1.17 to 1.27) 1.14 (1.10 to 1.17) 1.09 (1.06 to 1.12) 0.0001

 Low fitness (vs not low fitness) 1.99 (1.66 to 2.40) 1.61 (1.41 to 1.84) 1.42 (1.27 to 1.60) <0.0001

Women

 Systolic blood pressure (per SD) 1.25 (0.99 to 1.58) 1.27 (1.08 to 1.51) 1.09 (0.91 to 1.29) 0.825

 Diabetes (yes vs no) 1.09 (0.40 to 3.02) 2.16 (1.30 to 3.60) 1.69 (0.95 to 2.98) 0.208

 Cholesterol (per SD) 0.97 (0.80 to 1.19) 0.89 (0.77 to 1.03) 1.00 (0.87 to 1.16) 0.878

 Smoking (yes vs no) 1.59 (0.93 to 2.74) 1.96 (1.38 to 2.78) 2.44 (1.78 to 3.35) 0.413

 Triglycerides (per SD) 0.87 (0.67 to 1.14) 1.03 (0.89 to 1.19) 1.11 (1.01 to 1.21) 0.247

 BMI (per SD) 0.98 (0.86 to 1.13) 1.06 (0.95 to 1.17) 1.11 (1.00 to 1.24) 0.130

 Continuous METs 1.23 (1.10 to 1.38) 1.07 (0.99 to 1.16) 1.24 (1.12 to 1.36) 0.038

 Low fitness (vs not low fitness) 1.98 (1.27 to 3.10) 1.90 (1.40 to 2.56) 1.54 (1.15 to 2.07) 0.310

BMI indicates body mass index; METs, metabolic equivalents.

“Low fitness” is defined as individuals who, when compared with age- and sex-specific normative data on treadmill performance, were in the
lowest quintile of treadmill time.

All models were performed in men and women separately and multivariable-adjusted for age, systolic blood pressure, serum total cholesterol, body
mass index, and triglycerides, as well as categorical variables, including smoking (yes/no) and diabetes (yes/no).

*
P<0.05 suggests that the strength of the association between fitness and the risk factor was different across the follow-up periods.
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