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Abstract: Purpose: To provide a detailed history of the Cooper Center Longitudinal Study (CCLS),
which was conceived of by Kenneth H. Cooper, MD, MPH in 1970. Methods: We describe the CCLS
population, key components of the Cooper Clinic examination, and additional sources of morbidity
and mortality data for Cooper Clinic patients. We also describe some of the major findings from the
CCLS that have been published in peer-reviewed journals over the past half-century. Results: Car-
diorespiratory fitness (CRF), which is measured objectively via a maximal treadmill exercise test dur-
ing the Cooper Clinic exam, has emerged as a very powerful and independent risk factor for various
morbidity and mortality outcomes. More specifically, CCLS has definitively shown that moderate to
high levels of CRF provide a significant level of protection from all-cause, cardiovascular disease, and
cancer mortality. Furthermore, we have shown that CRF at midlife is a very strong predictor of
all-cause dementia, type 2 diabetes, chronic kidney disease, cancer incidence and survival, as well as
several additional chronic health conditions. Accordingly, the CCLS has also shown that midlife CRF
is significantly associated with health care costs later in life. Conclusion: With rare exception, regard-
less of the outcome being studied over the past half-century, the CCLS has shown that moderate to
high levels of CRF provide substantial protection from many adverse health outcomes, relative to hav-
ing a low level of CRF.
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0 Background

Regular physical activity provides substantial pro-
tection against many types of morbidity and mortality.
While this seems intuitive today, there was little evi-
dence to support this opinion several decades ago. Dur-
ing his time in the U.S. Air Force in the late 1950°s
and 1960°s, Dr. Kenneth Cooper became convinced
that regular exercise was one of the keys to disease pre-
vention and good health. He chartered The Cooper In-
stitute in December, 1970 because he knew that only
well-designed research studies would prove what he al-
ready believed to be true. Accordingly, when the Coop-
er Clinic first opened shortly thereafter, Dr. Cooper be-
gan to keep meticulous records of his patients and had
the foresight to realize the need to track these patients
for morbidity and mortality over time. Hence, the Aero-
bics Center Longitudinal Study (ACLS) was born. The
major purpose of the ACLS was to examine the rela-
tionship between cardiorespiratory fitness and health
outcomes in a preventive medicine center. It is impor-
tant to note that previous exercise-related studies fo-
cused on physical activity, which is a behavior. At that
time, physical activity was estimated by utilizing ques-
tionnaires. Unlike physical activity, cardiorespiratory fit-
ness is a characteristic that can be objectively measured
via maximal treadmill exercise testing. At the time the
ACLS was launched, there was no data in the literature
regarding the association of cardiorespiratory fitness
level with important health outcomes. Thus, the maxi-
mal treadmill exercise test quickly became an integral
portion of the ACLS.

1 Differences betwe en the Aerobics Center
Longitudinal Study and the Cooper Center
Longitudinal Study

The Aerobics Center Longitudinal Study (ACLS)
was a very productive resource in evaluating relation-
ships between healthy lifestyle choices and a variety of
outcomes including disease, disability, and mortality.
The Cooper Center Longitudinal Study (CCLS) repre-
sents a matured and expanded version of the ACLS
with added variables, biomaterials, and added outcomes
(additional mortality through 2014, Medicare data, and
Texas Cancer Registry). The overall sample size for
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CCLS s significantly larger than ACLS, and thus has a
much greater amount of morbidity and mortality data.

Other important differences between the two data
sets exist. The CCLS data set contains additional blood
variables including vitamin D levels, the Omega-3 In-
dex, hepatitis screens; geriatric screening including the
Montreal Cognitive Assessment (MoCA)and Get Up
and Go assessment; high sensitivity cardiac troponin T
levels; and genetic material and. More detail regard-
ing the additional information contained in the CCLS is
provided below.

At the present time, there have been 314 991 Cooper
Clinic visits by 112 789 patients. Nearly 250 000 maxi-
mal treadmill exercise tests have been administered;
this represents the largest cardiorespiratory fitness
database in the world. The CCLS has many unique and
invaluable features. Patients are generally healthy, the
data base is quite large, and there has been long-term
follow-up. Additionally, it is important to reinforce that
the maximal treadmill exercise test provides an objec-
tive measure of cardiorespiratory fitness (CRF). As is
often stated by leading health experts, “You can go al-
most anywhere to study sick people; the CCLS is the
only place you can go to study healthy people.”

2 The CCLS Population

Cooper Clinic patients are primarily self-referred,
although approximately one-third are referred by their
employer. The Clinic sees between 6 000 and 8 000 pa-
tients per year; 75% of whom are currently return pa-
tients. There are variable intervals between Clinic vis-
its. Generally speaking, older patients tend to have their
return visits more frequently than younger patients.
Over 90% of Clinic patients consent to participate in
the CCLS. We note that our patients do not represent a
random sample of the United States population. Cooper
Clinic patients are primarily non-Hispanic white, highly
educated, and from middle to upper socioeconomic sta-
tus. Within the CCLS database, men outnumber women
by a margin of approximately 3 to 1. Thus, there are
some limitations to our data and research findings in
terms of generalization to the United States population
as a whole. However, studies have shown that the CRF
level among CCLS participants is very similar to that of
the general United States population® 2. The Figure be-
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low shows CRF displayed as maximal MET values for
CCLS men and women as compared to a random sam-
ple of men and women who were selected to participate
in the National Health and Nutrition Examination Sur-
vey (NHANES)

3 The Cooper Clinic Exam

The parameters of the Cooper Clinic exam vary
according to the patient’s age, gender, and health sta-
tus. Because there are thousands of variables collected
for each patient, only some of the most important ones
will be mentioned here. After completing an informed
consent, information regarding age, gender, marital sta-
tus, ethnicity, education level, current and prior smok-
ing status, alcohol use, employment status, current and
prior health status and symptoms, family history of dis-
ease, dietary habits, physical activity (frequency, inten-
sity, duration, and type), visit number, reason for visit,
safety habits, psychological status, and medication use
are collected via an extensive medical questionnaire.
While medication use has been routinely included in the
database since 2008, medication use from the early
years of the Clinic is not currently available in the
database. Body mass index (BMI) and percent body fat
are measured to determine body weight status. Histori-
cally, the Clinic also using hydrostatic assessment of
body fat. Blood tests include, but are not limited to to-
tal cholesterol, HDL and LDL cholesterol, triglycerides,
glucose, liver, kidney, and thyroid function, elec-
trolytes, C-reactive protein (CRP), homocysteine, vita-
mins D and B-12, prostate specific antigen (PSA), total
testosterone, complete blood count (CBC), Omega-3 In-
dex, and hemoglobin Alc. Urinalysis is done to mea-
sure the variables of pH, specific gravity, and ketones,
as well as to determine if glucose or protein is present
in the sample. Tests of vision, hearing, and pulmonary
function are also performed.

The Cooper Clinic uses the modified-Balke protocol®,
which has a longer exercise duration than the more
commonly used Bruce protocol. Dr. Cooper prefers the
modified-Balke protocol because it increases workload
very gradually, is safer, and allows time for a greater
number of electrocardiograms (ECG) and blood pres-
sure readings than the Bruce protocol. Because the
modified-Balke test takes longer than the Bruce test, it
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results in a clearer distribution of fitness levels. The
modified-Balke treadmill protocol is as follows: minute
1: 88 meters/minute, 0% elevation, minute 2: 88 me-
ters/minute, 2% elevation. Each minute thereafter, a 1%
increase in elevation occurs. At 25 minutes, speed is
increased by 5.4 meters/minute each minute. Variables
collected during the treadmill exercise test include rest-
ing heart rate and blood pressure, as well as resting
ECG. During and following the exercise test, data on
heart rate, blood pressure, and ECG responses are col-
lected. The final speed and grade of the treadmill are
used to calculate maximal MET values, which in turn
are used to determine cardiorespiratory fitness category
based on age and gender.

Patients may also undergo imaging studies as part
of their Clinic exam. Since 1997, the Cooper Clinic has
conducted more than 77 000 computed tomography
scans on over 40 000 patients. Extensive surveillance
has been conducted on this sub-population to ascertain
their longitudinal cardiovascular health status. Other
imaging studies that are incorporated into the CCLS in-
clude DEXA scans, echocardiograms, and carotid artery
studies. A biobank has been in operation since Septem-
ber, 2008 to establish an archive of DNA and blood
product samples for research based on gene environ-
ment interaction related to healthy lifestyle choices.
This effort can allow identification of genes responsible
for common diseases and insights into their treatment
and prevention. Currently, there are more than 13 000
individuals with specimens in the collection consisting
of DNA and frozen plasma stored at The Cooper Insti-
tute.

Data acquired at the Cooper Clinic for the CCLS
are not based on a systematic research protocol but
rather on the previously mentioned preventive health e-
valuations and patient-specific clinical recommenda-
tions, resulting in variable follow-up intervals as well as
different degrees of availability of all variables. As pre-
viously stated, there is no specific time interval between
Cooper Clinic visits. Other challenges include the fact
that patients are generally healthy at the time of their
visit, and do not return to the Clinic only when they are
ill. The CCLS database is maintained by The Cooper
Institute, a nonprofit, independent research center with
the overarching research goal of assessing the effect of
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lifestyle behaviors and characteristics on health out-
comes. Privacy precautions are maintained through The
Cooper Institute policies. The data collection and in-
formed consent processes are reviewed and approved
annually by the Institutional Review Board at The
Cooper Institute.

4 Mortality Surveillance

Using the NDIPIlus (National Death Index) service,
14 546 deaths were recorded in the CCLS population
through December 31, 2014. Similar to the entire U.S.
population, the most common causes of death in the
CCLS are cardiovascular disease and cancer.

5 Morbidity Surveillance

In ad dition to using data collected during return
visits, mail-back surveys are utilized for morbidity
surveillance. Extensive questionnaires were mailed to
the entire cohort in 1982, 1986, 1990, 1995, 1999,
2001, and 2004. In 2011, a questionnaire was sent to
the Electron Beam Tomography cohort. The response
rate was 50% ~75% throughout the years. The most
common reasons given for not completing the survey
were that it took too much time, the patient was not in-
terested, or the patient moved and we did not have their
new address.

5.1 Medicare

Approximately 29 000 CCLS participants exam-
ined at the Cooper Clinic between 1971-2009 who be-
came eligible for Medicare between 1999 and 2009
were matched with the database at the Centers for
Medicare and Medicaid Services (CMS). Data avail-
able for this subset of the cohort include disease diag-
noses and earliest indication dates from the Chronic
Condition Warehouse based on validated algorithms
from the Centers for Medicare and Medicaid Services.
Also available are individual International Classifica-
tion of Diseases-9 and procedural codes for inpatient
and outpatient claims as well as charges and other uti-
lization information. Medicare data provides a unique
complement to other CCLS morbidity surveillance and
has the potential to answer questions regarding the
long-term impact of lifestyle and prevention on pat-
terns of healthy aging, quality of life, and healthcare
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system resource utilization. It is important to note that
Medicare data is administrative in nature and does not
represent a substitute for clinically adjudicated out-
comes or detailed medical records. For example, a di-
agnosis of stroke or hypertension extracted from Medi-
care data cannot provide blood pressure measurement
or any other exam results at the time of diagnosis. Al-
so, since Medicare data is available only for an 11
year period beginning in 1999, the complete Medicare
experience of a participant from age 65 is generally
not captured.

5.2 Texas Cancer Registry

Data from the Texas Cancer Registry has been ob-
tained with information on incident cancer cases among
CCLS patients who were Texas residents between 1995
and 2007. With this data, we identified approximately
6 100 incident cancers.

6 Health Benefits of Cardiorespiratory Fitness

Over the past 47 years, CCLS data has shown that
having a moderate to high level of measured cardiores-
piratory fitness is associated with a number of signifi-
cant health benefits. These include lower all-cause, car-
diovascular, and cancer mortality. From a morbidity
perspective, being fit is associated with a decreased risk
of coronary heart disease, stroke, type 2 diabetes,
metabolic syndrome, hypertension, certain cancers, de-
pression, and memory loss. We will discuss many of
these studies in the following text.

7 Card iorespiratory Fitness and Coronary
Risk Factors

By the early 1970’ s there was some evidence that
physical activity was protective against coronary heart
disease, but the mechanisms were largely unknown. Dr.
Kenneth Cooper was the first to examine the associa-
tion between objectively measured cardiorespiratory fit-
ness (CRF) and coronary risk factors in 3 000 men with
a mean age 45 years who were examined between 1970
and 1974 . Men were divided into 5 categories (quin-
tiles) of CRF based on their age and maximal treadmill
exercise test performance. Total cholesterol, triglyc-
erides, glucose, blood pressure, percent body fat, and
resting heart rate were examined across CRF quintiles.
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An inverse association between CRF and all of those
variables was observed. This re lationship was shown
for most variables even when comparing the lowest
quintile of CRF with the next highest quintile. This was
the first study to report on these associations, and also
represents the first ACLS paper.

8 CRF and all-cause Mortality

In 1989, Cooper Institute and Cooper Clinic re-
searchers published what is considered the landmark
CCLS paper™., Published in the Journal of the Ameri
can Medical Association, this study reported on 13 344
men and women with an average age of 45 years who
were followed for just over 8 years following their
baseline comprehensive preventive exam. Based on
their maximal treadmill exercise test performance, as
well as age and sex, each patient was placed into quin-
tiles of CRF. Quintile 1 represents low CRF, while
quintiles 2-3 and 4-5 represent moderate and high
CRF, respectively. There were 283 all-cause deaths
during the follow-up period. A strong inverse relation-
ship between baseline CRF and risk of death was
found during follow-up. In other words, men and wom-
en who were moderately-to-highly fit at baseline were
substantially less likely to die during the follow-up
when compared to men and women who were low fit
at baseline. The greatest reduction in risk was seen
when comparing the lowest fit group (quintile 1) with
the next lowest fit group (quintile 2). This was the first
study to definitively prove that CRF is a significant and
independent predictor of all-cause mortality in men and
women.

9 CRF, Coronary Artery Calcium, and Car-

diovascular Events

In recent years, coronary artery calcium (CAC)
score has been a major topic of interest with regard to
predicting future cardiovascular events. Although CRF
and CAC each contribute strongly to prediction of these
events, surprisingly little is known regarding how CRF
impacts cardiovascular disease risk across different cate-
gories of CAC. With this in mind, we sought to exam-
ine these relationships in a sample of 8 425 generally
healthy Cooper Clinic men between the ages of 30 and
80 who were examined between 1998 and 2007 [,
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Their comprehensive exam included a maximal tread-
mill exercise test to measure CRF, a CT scan to deter-
mine CAC score, as well as careful measurement of tra-
ditional cardiovascular disease risk factors. The sample
was followed for an average of 8.4 years, during which
time 383 fatal and non-fatal cardiovascular events oc-
curred. While men with CAC scores of 0 had a very
low rate of cardiovascular events (1.3 events per 1 000
person-years), men with CAC scores of >400 had a
much higher rate (18.9 events per 1 000 person-years).
Based on previous studies, this finding was expected. A
more novel finding is shown in the Figure below. The
Figure shows the risk of cardiovascular events up to the
age of 70 across CRF level in the 4 CAC categories
over a 15 year period following the baseline exam.
Within each CAC category, the risk of cardiovascular
events decreased across increasing levels of CRF. The
decrease in risk across CRF was more pronounced a-
mong men with higher CAC scores. As the Figure
shows, the lowest risk was seen in very highly fit men
with CAC scores of 0, while the highest risk was seen
in very low fit men with CAC scores >400. What is im-
portant to reinforce is that higher levels of CRF provide
some degree of protection against cardiovascular events
in all 4 CAC categories.

10 Midlife CRF and Development of Chronic

Conditions

Older age is strongly associated with development
of several chronic conditions such as heart disease and
diabetes. In 2012, we examined the association of
midlife CRF and the development of non-fatal chronic
conditions in older age™. The sample consisted of 18 670
apparently healthy Cooper Clinic men and women with
an average age of 49 years, who received a baseline
preventive exam and survived long enough to receive
Medicare coverage from 1999-2009. Eight chronic con-
ditions (CCs) were studied: congestive heart failure, is-
chemic heart disease, stroke, diabetes mellitus, chronic
obstructive pulmonary disease, chronic kidney disease,
Alzheimer’s disease, and colon or lung cancer. Sub-
jects were placed into quintiles of CRF as previously
described. The average length of follow-up from the
time of the baseline exam was 26 years. When compar-
ing men in the lowest CRF quintile to men in the high-
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est CRF quintile, the rate of future CC’s was 2.82 ver-
sus 1.56 per 10 person-years, respectively. When com-
paring women in the lowest CRF quintile to women in
the highest CRF quintile, the rate of future CC’s was
2.01 versus 1.14 per 10 person-years, respectively.
Thus, higher levels of CRF at midlife were significantly
associated with a reduced risk of developing chronic
conditions later in life. See Figure below.

11 Midlife CRF and all-cause Dementia

As the average age of the U.S. population contin-
ues to increase, all-cause dementia has become a major
health issue among older adults. Accordingly, we exam-
ined the association between midlife CRF and the fu-
ture risk of developing of all-cause dementia as veri
fied by Medicare data!®. The sample included 19 458
healthy Cooper Clinic men and women with a mean
age of 49 years. Subjects were placed into quintiles of
CRF as described previously. During a 25 year fol-
low-up period, 1 659 cases of all-cause dementia oc-
curred. There was a decreased risk of dementia across
quintiles of CRF, with subjects in the highest CRF
quintile 36% less likely to develop all-cause dementia
than subjects in the lowest quintile. Importantly, this
was the first study to show a significant association be-
tween midlife CRF and the future risk of all-cause de-
mentia.

12 Midlife Fitness and Chronic Kidney Disease

Chronic kidney disease (CKD) is common among
the older population as well as those with diabetes mel-
litus. Using CCLS as well as Medicare data, we exam-
ined the association of midlife CRF and subsequent risk
of CKD™. The sample consisted of 17 979 apparently
healthy men and women with a mean age of 50 years,
who were examined between 1971 and 2009, who also
received Medicare coverage from 1999 to 2009. A
total of 2022 cases of incident CKD occurred during
116 973 person-years of Medicare follow-up. Individu-
als with moderate and high CRF were 24% and 34%
less likely, respectively, to develop CKD when com-
pared to those who were low fit. Even among those
who developed diabetes mellitus during follow-up, the
risk of CKD was reduced by 6% per 1-MET increment
in CRF.
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13 Midlife CRF and Risk of Stroke

Stroke is the leading cause of long-term disability
in the U.S., and is also among the leading causes of
death. Although low levels of CRF have emerged as a
strong and independent risk factor for stroke™, it is not
known to what extent this association is explained by
development of stroke risk factors such as diabetes, hy-
pertension, and atrial fibrillation. We examined the as-
sociation of midlife CRF and risk of stroke after the age
of 65 years, independent of these risk factors™!. A total
of 19 815 Cooper Clinic patients with an average age
of 50 years at baseline participated in the study. All
were apparently healthy, with a relatively low risk of
stroke at the time of their exam. Based on their tread-
mill test performance, each individual was placed into
low, moderate, or high CRF categories as previously
described. There were a total of 129 436 person-years
of Medicare follow-up data, during which time 808
stroke hospitalizations occurred. Importantly, data re-
garding the presence of hypertension, diabetes, or atrial
fibrillation at the time of the stroke that may not have
been present at the time of the Clinic exam was also
carefully considered in the analyses. Using the low CRF
group as the referent, patients with moderate and high
CRF at midlife were 24% and 37% less likely to be
hospitalized for stroke, respectively, during the period
of Medicare follow-up. Importantly, these numbers
were determined after taking baseline stroke risk factors
into account, as well as stroke risk factors that were
present at the time the stroke was diagnosed. Thus, in-
dependently of whether or not hypertension, diabetes,
or atrial fibrillation was present at any time during the
study, CRF remained a strong predictor of stroke hospi-
talization risk.

14 Midlife CRF, Cancer Incidence, and Can-

cer Survival

Cancer is the second leading cause of death in the
U.S. The association between CRF and incident cancer,
as well as survival following a diagnosis of cancer is
largely unknown. We sought to examine the association
of midlife CRF and incident lung, prostate, and colorec-
tal cancer, as well as the association of midlife CRF
with survival following a cancer diagnosis by utilizing
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CCLS and Medicare data™. A total of 13 949 men with
a mean age of 49 years were examined at the Cooper
Clinic between 1971 and 2009. Men were placed into
low, moderate, and high CRF categories as previously
described. When compared to men with low CRF, men
with high CRF were 55% and 44% less likely to devel-
op lung and colorectal cancer, respectively. However,
men with high CRF were 22% more likely to develop
prostate cancer than low fit men. Each 1-MET increase
in CRF was associated with a 17% and 9% reduction in
risk of incident lung and colorectal cancer, respectively.
We speculate that the reason for the higher incidence of
prostate cancer in high fit men may be due to more fre-
quent health care screening among this group as com-
pared to low fit men. Among men diagnosed with can-
cer at Medicare age, we observed a 32% reduction in
cancer mortality, and a 68% reduction on cardiovascu-
lar disease mortality in high fit men as compared to low
fit men.

15 Midlife CRF and Heart Failure Hospital-
ization

Heart failure (HF) is the most common reason for
hospitalization in the U.S. among individuals ages 65
and older. By linking CCLS data with Medicare data,
we examined the associations of midlife CRF and
change in midlife CRF with HF hospitalizations in a
group of 19 485 men and women®!. Following adjust
ment for traditional HF risk factors at the baseline ex-
amination, higher CRF was associated with an 18%
lower risk for HF hospitalization per 1-MET increment
in treadmill test performance. A subset of patients (n=8,
683) underwent a second exam, with a mean period of
4.2 years after the baseline exam. Individuals who were
fit as baseline (Quintiles 2-5) and remained fit had the
lowest risk for subsequent HF hospitalization. Converse-
ly, individuals who were unfit at baseline (Quintile 1)
and remained unfit had the highest risk for HF hospital-
ization. Individuals who were unfit as baseline, but fit
at the follow-up exam had an intermediate risk for HF
hospitalization.

16 CRF, Adiposity, and Heart Failure Mor-
tality

While associations between physical activity and
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heart failure have been reported in the literature, no
study to date had examined the association of objective-
ly measured CRF and heart failure mortality. We fol-
lowed 44 674 Cooper Clinic men over an average peri-
od of 19.8 years™. At baseline, all of the men were ap
parently healthy. Participants were assigned to low,
moderate, and high CRF categories as described previ-
ously, and were classified as normal weight, over-
weight, or obese based on standard body mass index
(BMI) categories. During the follow-up period, 153
men died from HF. Compared with high fit men, mod-
erate and low fit men were 1.63 and 3.97 times more
likely to die from HF, respectively. Compared to nor-
mal weight men, overweight and obese men were 1.56
and 3.71 times more likely to die from HF, respective-
ly. Within the normal weight and overweight cate-
gories, fit men were substantially less likely to die from
HF than unfit men. Additionally, among men with the
same number of risk factors for HF, fit men were sub-
stantially less likely to die from HF than unfit men. For
example, among men who had 1 risk factor for HF, un-
fit men were about 4 times more likely to die from HF
than fit men.

17 Healthy Behaviors and Long—Term Health

Care Costs

17.1 CRF and Health Care Costs in Later Life

While it is accepted that cardiovascular risk factor
burden in middle age is associated with health care
costs later in life, data regarding the effect of CRF on
health care costs independent of these risk factors is
lacking. We studied 19 571 apparently healthy men
and women with an average age of 49 years who
were examined at Cooper Clinic and subsequently re-
ceived Medicare coverage from 1999 to 2009, CRF
was categorized as low, moderate, and high as previ-
ously described. There was a mean Medicare fol-
low-up of 6.5 years, resulting in 126 388 person-years
of data. When comparing participants with high
CRF at midlife to those with low CRF, average an-
nual health care costs were significantly lower in men
($7 569 vs. $12 811) and women ($6 065 vs. $10 019).
When adjusted for cardiovascular risk factors, average
annual health care costs were 6.8% and 6.7% lower
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in men and women, respectively, per 1-MET incre-
ment in CRF.

17.2 Life’s Simple 7 and Long —Term Health

Care Costs

The American Heart Association developed “Life’s
Simple 7”7 which includes behaviors and factors that
strongly relate to cardiovascular health 1. These in
clude healthy diet, physical activity, smoking, body
mass index, blood cholesterol, blood glucose, and
resting blood pressure. Each component is categorized
as either poor, intermediate, or ideal. Ideal cardiovas-
cular health is defined by having ideal levels of each
of the 7 components. In order to evaluate the econom-
ic impact of these 7 factors, a sample of 4 906 Coop-
er Clinic middle-aged men and women with a mean
baseline age of 56 who were enrolled in Medicare be-
tween 1999 and 2009 were evaluated [, Subjects
were categorized into one of three cardiovascular
health profile groups according to their baseline exam:
1) Unfavorable (0-2 ideal cardiovascular health charac-
teristics) 2) Intermediate (3-4 ideal cardiovascular
health characteristics) 3) Favorable (5-7 ideal cardio-
vascular health characteristics). Less than 1% of par-
ticipants had all 7 ideal characteristics, while 14.8%
of men and 30.1% of women scored in the Favorable
group. The mean annual non-cardiovascular disease
Medicare costs in the Unfavorable group was $5 058
versus $3 883 in the Favorable group. A similar trend
was seen for mean annual cardiovascular disease costs
($1 344 versus $778 in Unfavorable vs. Favorable
groups, respectively). Thus, having a greater number
of ideal cardiovascular health components in mid-
dle-age is associated with significantly lower Medicare
costs in later life.

18 CRF and Incidence of Metabolic Syn-

drome

Metabolic syndrome (MetSyn) is a common con-
dition characterized by any three or more of the follow-
ing: high waist circumference, low HDL cholesterol,
elevated blood triglyceride level, elevated blood glu-
cose level, and elevated resting blood pressure. Individ-
uals with MetSyn are at increased risk for all-cause and
cardiovascular mortality. Previous work in the CCLS
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had shown that MetSyn was much less common among
fit women than unfit women[*¥!, The purpose of this
study was to determine whether baseline CRF in
healthy persons was a predictor of incident MetSyn. A
total of 9 007 men and 1 491 women who did not have
MetSyn at baseline were evaluated between 1979 and
2003; their average age was 44 years. Patients were
placed into categories of low, moderate, and high CRF
as previously described. During an average follow-up
period of 5.7 years, 1346 men and 56 women devel-
oped MetSyn. When compared to low fit men, moder-
ate and high fit men were 26% and 53% less likely to
develop MetSyn, respectively. When compared to low
fit women, moderate and high fit women were 20%
and 63% less likely to develop MetSyn, respectively!™.
This study was the first to show that a low baseline
level of CRF is a strong predictor of incident MetSyn
in both men and women. Thus, in many cases MetSyn
might be prevented by simply achieving a moderate to
high level of CRF.

19 Fitness, Fatness, and Mortality

While body weight status and CRF are each im-
portant health markers, this was the first CCLS study to
examine the relative importance of CRF versus body
weight status with regard to mortality risk®. A sample
of 25 389 Cooper Clinic men was divided into CRF
categories of low, moderate, and high based as previ-
ously described. They were also divided into body mass
index (BMI) categories of normal weight, overweight,
and obese based on criteria at that time. All possible
combinations of CRF and BMI were made in order to
examine their relative contribution to mortality risk. A
total of 673 deaths occurred during an average 8.5 year
follow-up period. Within each category of BMI, there
was a significantly lower risk of all-cause mortality
across increasing levels of CRF. Thus, even in over-
weight and obese men, higher levels of CRF were pro-
tective against mortality. This was the first study to
show that CRF is more strongly associated with mortali-
ty than BMI. Thus, the benefits of having a moderate to
high level of CRF are seen across all BMI categories.
This important study helped set the stage for many fu-
ture CCLS studies examining the
ness’ issue.

‘fitness versus fat-
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20 Cardiovascular Risk Classification and

CRF

Cardiovascular disease (CVD) is the leading cause
of death among adults residing in countries with a rela
tively high standard of living. Traditional risk factors for
CVD include elevated blood cholesterol level, hyperten-
sion, smoking, diabetes, age, family history, inactivity,
and obesity. Over the past three decades, a low level of
CRF has emerged as a very powerful and independent
risk factor as well. Although equations for predicting
risk of future cardiovascular disease have been devel-
oped, these equations have historically excluded CRF
level as a risk factor. In fact, CRF is often the only ma-
jor risk factor that is not routinely measured during phys-
ical examinations. The purpose of this study was to de-
termine to what extent CRF improves cardiovascular dis-
ease (CVD) risk classification when added to traditional
risk factors !, A total of 66 371 Cooper Clinic men and
women underwent a comprehensive baseline examina-
tion and were placed into categories of CRF as described
previously. The sample was followed for an average of
16 years, during which time 1 621 deaths occurred as a
result of CVD. As expected, there was a decreased risk
of CVD mortality across higher CRF categories in both
men and women. Next, traditional risk factors such as
age, resting blood pressure, blood cholesterol level, dia-
betes, and smoking were used to predict the risk of CVD
mortality in the sample. When CRF was added to the
prediction equation, the accuracy of the equation was
significantly improved. In other words, knowing a pa-
tients level of CRF gives the physician a better measure
of their cardiovascular risk status than including only the
previously mentioned traditional risk factors. This paper,
along with many other CCLS papers, was instrumental
in convincing the American Heart Association to recom-
mend including measurement of cardiorespiratory fitness
as a vital signf®,

21 CRF and Incidence of Type 2 Diabetes

The current prevalence of obesity and type 2 dia-
betes among U.S. adults is at an all-time high. Both
obesity and physical inactivity are two major contribu-
tors to type 2 diabetes. Because an objective measure-
ment of CRF is a stronger predictor of health outcomes
than self-reported physical activity®, we sought to de-
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termine the independent and joint associations of CRF
and BMI on the incidence of type 2 diabetes in Cooper
Clinic women!®!, The sample consisted of 6 249 appar-
ently healthy women with a mean age of 44 years. Par-
ticipants were grouped by CRF category as previously
described, and were also grouped by BMI using stan-
dard cut points. During 17 years of follow-up, there
were 143 incident cases of type 2 diabetes. When com-
pared to low fit women, those who were moderately or
highly fit had a 14% and 39% decreased risk of inci-
dent type 2 diabetes, respectively. When compared with
normal weight individuals, those who were overweight
or obese had 2.6 and 4.6 times the risk of incident dia-
betes, respectively. Among normal weight women, low
CRF was not associated with an increased risk of inci-
dent type 2 diabetes. However, in overweight and obese
women, low CRF was associated with a 3.6-fold in-
crease in risk of type 2 diabetes. Finally, within the
overweight and obese groups, unfit women had a signif-
icantly increased risk of type 2 diabetes when compared
to overweight and obese fit women. These results un-
derscore the importance of regular physical activity and
maintaining a normal body weight for prevention of
type 2 diabetes.

22 Summary

As we approach the 50th anniversary of The Cooper
Institute and Cooper Clinic, the sheer volume of informa-
tion that has been collected over that time is quite ex-
traordinary. Because of Dr. Cooper’s foresight at the
time that The Cooper Institute and Cooper Clinic were
founded, the CCLS database currently houses detailed
health information on approximately 113 000 patients
who have undergone nearly 250 000 maximal treadmill
exercise tests. Because the treadmill test provides an ob-
jective measure of CRF, we have been able to examine
the association of CRF with a wide variety of morbidity
and mortality outcomes. With rare exception, regardless
of the outcome being studied, we have shown that having
a moderate to high level of CRF provides substantial pro-
tection from many adverse health outcomes, relative to
having a low level of CRF. As Dr. Cooper is fond of say-
ing “If the benefits of regular exercise could be put into a
pill, it would be the most widely used and most beneficial
medication ever developed.”
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