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For >30 years, the Exercise Testing and Health Outcomes Study (ETHOS) and the
Veterans Exercise Testing Study (VETS) cohorts have contributed significantly to
the understanding of the association between cardiorespiratory fitness (CRF),
health outcomes, and the prevention of chronic disease. Multiple reports from
these studies have consistently shown an inverse and graded association
between higher CRF and the incidence of chronic conditions including
cardiovascular disease, site-specific cancers, chronic kidney disease, rhythm
disturbances, and neurological conditions. In addition, higher CRF is inversely
related to health care costs. Among individuals whose CRF level improves over
periods of time ranging from 5 to 7 years, improvements in health outcomes
have been observed, and the converse is true among those who decrease
CRF over time. The Veterans Administration Health Care System (VAHCS) has
pioneered electronic medical records that have facilitated epidemiologic
research and have provided the foundation for the ETHOS and VETS cohorts.
The VAHCS is particularly suited for epidemiologic studies because patients
can be accurately traced through VAHCS benefits services. These studies have
helped formulate guidelines on exercise testing as well as recommendations
from national and international health organizations on physical activity. In
addition, they have provided strong support for efforts to reduce sedentary
behavior, promote physical activity, and enhance CRF by public health
organizations and healthcare systems in order to reduce the risk of chronic
disease. This paper outlines the development of the ETHOS and VETS cohorts
and highlights key studies contributing to our understanding of CRF as a
critical health determinant.
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Introduction

Although there have been major advances in technologies
related to the diagnosis of cardiovascular disease (CVD) in recent
decades, the standard exercise test (ET) remains an important
tool in the management of CVD because of its uniquely high
yield of diagnostic and prognostic information. In fact, treatment
guidelines continue to suggest that the exercise test should
remain the first-choice modality when considering the presence
of coronary artery disease (CAD) (1, 2). In particular, much has
been published in recent years documenting the prognostic
applications of the ET. A particularly powerful prognostic marker
is exercise capacity. A growing number of studies have
demonstrated that cardiorespiratory fitness (CRF) outperforms
traditional risk factors such as smoking, hypertension,
hyperlipidemia, obesity and diabetes in terms of predicting risk
for adverse outcomes (3-5). The American Heart Association
entitled,

“Importance of assessing cardiorespiratory fitness in clinical

recently ~commissioned a Scientific Statement
practice: A case for fitness as a clinical vital sign” in which it
states, “At a minimum, all adults should have CRF measured or
estimated each year” (3). Subsequent expert commentaries and
reviews of this topic have reinforced the concept that including
CRF as part of routine clinical encounters should become a
requisite component of disease prevention (4-11). These studies
have focused not only on the relationship between CREF, all-cause
mortality and incidence of CVD, but also outcomes related to
chronic conditions including cancer, kidney disease, rhythm
disturbances, COVID-19, neurological conditions, and cognitive
decline. This has led multiple public health organizations to
promote regular physical activity in order to improve CRF (12-16).

The support for the role of CRF in assessing health outcomes
has required large populations along with detailed and accurate
electronic medical records (EMRs). Such records were generally
not available from large health care systems until the mid-1990s.
The Veterans Affairs Health Care System (VAHCS) is considered
a pioneer in adopting EMRs; it was one of the first health
systems to implement EMR on a large scale, and the VAHCS
had an influential role in transforming healthcare delivery
through digital technology (17, 18). The VA Health Information
Systems and Technology Architecture (VistA) was an early and
highly influential example of applying EMRs in the US. Its
success played a significant role in demonstrating the potential of
EMRs to improve care coordination, reduce errors, enhance
efficiency in healthcare, and facilitate epidemiologic research
(19). In terms of applications to epidemiologic studies, the
VAHCS EMR has been demonstrated to be more accurate than
other health systems or publicly available data sets such as the
Social Security Death Index (20, 21).

The VAHCS is also unique in that it ensures equal access to
medical care independent of a patient’s financial status. This has
permitted more precise and complete assessments of the
associations between CRF, mortality risk and other health
outcomes as well as minimizing the influence of medical care
disparities. In addition, the above-mentioned VAHCS EMR
system facilitates risk-adjustment models, thereby increasing the
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accuracy in determining health outcomes. The VA is particularly
suited for epidemiologic studies because patients usually stay
within their catchment area and can easily be traced through VA
benefits services. These features laid the foundation for the
Exercise Testing and Health Outcomes (ETHOS) and Veterans
Exercise Testing Study (VETS) cohorts. For >30 years, these
epidemiologic studies, currently including >831,000 participants,
have provided the opportunity to address numerous clinically
relevant questions that apply to Veterans and the public. These
large, prospective epidemiologic studies from the VAHCS that
detailed health

measures of CRF have been particularly important in advancing

include information along with objective
the understanding of the impact of CRF on the prevention of
chronic disease. In the following, an outline of the development
and contributions of the ETHOS and VETS cohorts to the

assessment of health outcomes is presented.

Methods

The VETS and ETHOS cohorts are prospective evaluations of
Veteran subjects referred for exercise testing for clinical reasons,
designed to address exercise test, clinical, and lifestyle factors and
their association with health outcomes. Data collection is
ongoing and evolving such that new and additional clinically

relevant questions can be addressed.

The VETS cohort

Beginning at the Long Beach VAHCS in the mid-1980s, a
standard form for clinical and exercise test data gathering was
implemented. It was first computerized using a bubble mark
scoring test sheet and entered into one of the earliest relational
databases (R-Base) running in DOS. Over the next decade,
accommodating a move to the Palo Alto VAHCS and Stanford,
data collection evolved into a more convenient human interface
sheet and Microsoft Access ™ (Redmond,
Washington) running in Windows. The scan sheet was read on a
simple using  OCR
(PaperKeyBoard by DataCap) (22) and then the data were
corrected on graphic user interface (GUI) screens on a personal

using a scan

scanner and translated software

computer. MUMPS fileman (the computer language used by
DHCP) routines were written to provide detailed outcomes of
subjects who had undergone an exercise test at both institutions.

The Access program provided the capability of producing a
sophisticated report and to add expert system features such as
prompts, help, and field definitions (23). Equations were added
to report risk estimations using Framingham, Duke, VA, and
(24-26)
responses such as percentage of age-predicted exercise capacity

other prognostic scores along with exercise test
using a VA-specific equation developed from the VETS database
(27). Angiographic results from cardiac catheterization were
computerized and included in the database. Students and visiting
faculty helped combine the data sets so that statistical techniques
could be applied. Early studies applying VETS data involved
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assessing the associations between exercise test responses and
angiographic findings, including studies on silent ischemia (28),
exercise-induced ventricular tachycardia (29), the effect of resting
ECG abnormalities on ECG changes during exercise (30), the
poor specificity of ST segment changes isolated to the inferior
leads (31), the effect of beta blockade on the interpretation of the
exercise ECG (32), the prognostic power of exercise capacity
(33), nomograms for exercise capacity (27), exercise-induced
hypotension (34) and the development of VA scores which
became widely applied and recommended in guidelines on
exercise testing (26, 35, 36).

Later, as the VA electronic medical records were modernized
in the 1990s and clinical, demographic, and outcome information
were available in the VA Computerized Record System (CPRS),
the VETS data
continuously updated. The VETS data set was influential in

set was expanded, and outcomes were
helping to formulate standards and guidelines for exercise
testing. A software system based on this approach; termed
EXTRA™ (Exercise Test Reporting Aide) was programmed in
Visual Basic by Froning and Froelicher (23) to immediately
provide test results for physicians conducting the test
(Figure 1). These results included the Duke and VA treadmill
scores, along with probabilities of CAD. This encouraged the
physicians overseeing the tests to enter the data correctly
because they would sign the report. A gateway was created into
CPRS, so that the text file created by Access was directly
downloaded into the treadmill report fields. This approach was
employed by multiple other VA systems. Beginning in 2007, we

10.3389/fcvm.2025.1577931

collaborated with researchers at the Washington DC VA, and
formed the ETHOS cohort.

The ETHOS cohort

Data for the ETHOS cohort have been derived from VA exercise
labs across the US, leveraging the VA Information Resource Center
(VIReC), a resource for developing, disseminating and applying
VA data. Detailed information on relevant demographic, clinical
and medication information, risk factors, and comorbidities as
defined by International Classification of Diseases-9th Revision and
International Classification of Diseases-10th Revision coding, with
at least 2 recordings at least 6 months apart, are obtained for all
participants at the time of the exercise test. Historical information
in ETHOS includes the onset of previous MI, cardiac procedures,
heart failure, hypertension, type 2 diabetes mellitus (DM2),
hypercholesterolemia, cancer (all), renal disease, stroke, smoking
status (current and past), and details on cardiac medications. Data
extraction and all analyses are performed in accordance with the
the of Observational Studies
Epidemiology reporting guidelines for cohort studies (37).

To extract CRF in metabolic equivalents (METs), CPT codes have
been applied (93,015-93,018) to identify Veterans who were referred
for an exercise treadmill test in VA hospitals across the US beginning

Strengthening Reporting in

in 1999. From this pool, clinical notes associated with the test were
identified (N> 830,000). From these subjects, 10,000 samples of
physician clinical notes on exercise capacity were extracted and
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FIGURE 1

Aide” by Victor Froleicher, 1996.

Exercise test reporting aide (EXTRA) released by Mosby publishers in 1996. Reproduced with permission from “Extra: Exercise Testing and Reporting
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peak METs were identified. The notes were preprocessed by snipping
each note 30 characters before and after the occurrence of “METSs” or
“MET level” to extract the relevant context. A simple neural network
model was trained on the annotated dataset for 10 epochs, achieving a
test accuracy of 98.82%. Spot checks were conducted to verify the
accuracy of the model’s predictions, and METs were extracted.
Duplications, missing values or MET levels <2 or >24 were
excluded; the latter MET values were extremely rare and were
assumed to have been due to error.

The ETHOS cohort verifies deaths from the VA Beneficiary
Identification Records Locator Subsystem. This system, used to
determine benefits to survivors of Veterans, has been shown to
be 95% complete and accurate. Due to VA regulations, the data
set is not currently publicly available.

Discussion

In the following, some examples in which the VETS and
ETHOS cohorts have been applied to assess outcomes related to
chronic disease are reviewed.

CRF and mortality risk

The concept that there is an inverse relationship between
higher physical activity patterns and mortality precedes modern
epidemiologic methods (38, 39). However, documentation of the
relationship between objective measures of CRF derived from a
maximal exercise test and mortality is relatively recent; such
studies were not available until the 1980s. In a seminal study
from the Aerobics Center Longitudinal Study (ACLS), Blair
et al. (40) studied CRF by treadmill performance in >13,000
men and women and followed them for >110,500 person-years
for all-cause mortality. Mortality rates were lowest among the
most fit men (18.6 per 10,000 person-years) and highest (64.0)
among the least fit men, with the corresponding rates among
women 8.5 and 39.5 per 10,000 person-years, respectively. While
these findings closely parallelled results from early studies
relating physical activity levels to mortality (38, 39), they were
among the first to address the skepticism regarding studies
based on highly subjective self-reported physical activity.
However, the relatively young, mostly White, and highly affluent
participants in the ACLS cohort raised questions regarding the
relatively low mortality rates, especially in women, and the
universal applicability of the findings.

These concerns were addressed by several publications from the
VETS and later, the ETHOS cohorts. In an early publication from the
VETS cohort (n = 6,213 men) (41), an inverse and graded association
between CRF and mortality was observed among patients both with
and without CVD. This was one of the first studies to demonstrate
that mortality risk was progressively elevated with lower CRF levels
even in the presence of and after adjustment for other
comorbidities and traditional risk factors. More recently, a series of
studies from the larger ETHOS cohort extended these findings. In
parallel with findings from the VETS cohort, poor CRF was the
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strongest predictor of mortality when compared to more traditional
risk factors, including hypertension, smoking, lipid abnormalities
and obesity (42, 43). Second, the adjusted all-cause mortality risk
was progressively lower with higher CRF regardless of race, gender,
and age, even in octogenarians. The latter observation was unique
in that few data had previously been available among individuals
>80 years, and the ETHOS cohort included 27,000 subjects in
their 80s and 90s (44). Third, a peak MET level necessary for a
50% reduction in mortality risk was noted for each decade (30-95
years); simply an average exercise capacity for a given age dropped
mortality risk by 50% (Figure 2).
Although the impact of CRF
comorbidities is well-recognized, the

of other
genetic

independent
inextricable
influence on the CRF-mortality risk association presents
challenges. Using >93,000 subjects with serial tests in the
ETHOS cohort, it was hypothesized that if genetics were the
dominant determinant of mortality risk, then changes in CRF
over time would have no considerable effect on that risk (45).
Mortality risk was examined according to changes in CRF over
a mean of 5.8 +3.7 years between tests. It was observed that
changes in CRF reflected inverse and proportional changes in
mortality for both those with and without CVD, regardless of
baseline CRF status and independent of other comorbidities.
These findings make a persuasive argument that CRF is a
strong and independent determinant of all-cause mortality risk,
at least partially independent of genetic factors.

CRF-statin interaction and mortality
patients with dyslipidemia

The use of statins to manage dyslipidemia is well-established
(46), but many patients cannot tolerate stains because of side
effects (mostly muscle pain). Thus, the ETHOS cohort was used to
assess the separate and combined effects of statin treatment and
10,043 US Veterans with
dyslipidemia (47). Of these, 5,033 were on statin therapy and

CRF on all-cause mortality in

5,010 were not. All participants were assigned to one of four CRF
categories (Least-fit, Moderately-fit, Fit, and Highly-fit) based on
CRF achieved. Over a median follow-up of 10.0 years, mortality
risk was lower in those taking statins vs. those not taking statins
(18.5% vs. 27.7%; p <0.0001). When mortality risk was assessed
across CRF categories, the risk declined progressively with higher
CRF among both those treated and not treated with statins.

To evaluate the interaction between statin therapy and CRF,
mortality risk was assessed for those treated vs. not treated with
statins within each CRF category. The Least-fit individuals on
these
comparisons. Least-fit individuals not treated with statins had a

statin therapy served as the reference groups in
35% higher risk of death compared to those treated with statins.
The risk then declined progressively with increased CRF;
mortality risk was 47% lower for those in the highest CRF
category (Figure 3). Collectively, these findings suggest that statin
treatment and increased fitness are independently associated with
The

combination of statin treatment and increased fitness resulted in

lower mortality among dyslipidemic  individuals.
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CENTRAL ILLUSTRATION: Relative Risk According to Cardiorespiratory
Fitness Categories Across the Age Spectrum

30-49 Years 50-59 Years 60-69 Years 70-79 Years 80-95 Years

1.00 1.00 1.00 1.00 1.00
1.00 4

o
S

a
2

o
n

Relative Risk

0.25 4

0

Kokkinos P, et al. J Am Coll Cardiol. 2022;80(6):598-609.

FIGURE 2

Bars from left to right within each age group represent the cardiorespiratory fitness (CRF) categories on the basis of the percentile of age-specific peak
METs achieved (<20%, 21%—-40%, 41%-60%, 61%-80%, 81%-97%, and >98%). The mortality risk associated with CRF within each age category is
depicted by the HRs (numbers) above each bar. Red bars represent the CRF category for each age group and the peak METs required for
approximately 50% lower mortality risk. Reproduced with permission from “Relative Risk According to Cardiorespiratory Fitness Categories Across
the Age Spectrum” by Peter Kokkinos, Charles Faselis, Immanuel Babu Henry Samuel, Andreas Pittaras, Michael Doumas, Rayelynn Murphy,
Michael S. Heimall, Xuemei Sui, Jiajia Zhang, and Jonathan Myers.
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FIGURE 3

Relative mortality risk by fitness category among patients taking and not taking statins. Adapted with permission from "Relative mortality risk by fitness
category among patients taking and not taking statins” by Prof Peter F Kokkinos, Charles Faselis, Prof Jonathan Myers, Demosthenes Panagiotakos and
Michael Doumas, licensed under CC BY-NC-ND.
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considerably lower risk of mortality than either alone. The higher
risk observed for patients in the least fit category not treated
with statins suggests that statin therapy is more effective in
lowering mortality among those with relatively low fitness.

CRF and cardiovascular events

In a cohort of >20,500 Veterans, the impact of CRF on the
incidence of major adverse cardiac events (MACE) was assessed
(48). MACE was defined as the initial occurrence of MI (fatal
and nonfatal), heart failure (HF), cerebrovascular accident (fatal
and nonfatal), or coronary artery bypass graft surgery. Increased
CRF was inversely associated with the risk for MACE
independent of other comorbidities. When the risk of MACE
was assessed according to an age-specific CRF threshold (6.0
METs; Referent) the risk was 41% higher for those with an
exercise capacity 1.0-2.0 METs below the threshold and 95%
higher for those with an exercise capacity >2.0 METs below the
threshold. Conversely, the risk declined precipitously for those
with a CRF level of 6.0 METs or higher. Specifically, the risk was
23% lower for those with an exercise capacity 1.0-2.0 METs
above the threshold and 43% lower for individuals with an
exercise capacity >2.0 METs above the threshold.

CRF and heart failure incidence

Among >20,000 male Veterans with no evidence of ischemia or
heart failure at a baseline maximal exercise test, the influence of CRF
on HF risk and the interaction between HF, body mass index (BMI)
and CRF was examined (49). This analysis demonstrated that obese
individuals had a 22% higher risk of developing HF compared to
normal weight individuals. However, the risk was attenuated when
CRF was considered, suggesting that CRF had a modulatory effect
on the BMI-HF association. In a subsequent analysis, the impact
of CRF on the BMI-HF risk association was examined by
quantifying the impact of CRF within BMI categories. There was
an inverse and graded association between CRF and risk for
developing HF at all levels of BMI independent of comorbidities.

In a subsequent larger cohort of US Veterans (n = 624,551) with
no evidence of HF or myocardial infarction prior to completion of an
exercise test, the risk of developing HF with preserved ejection
(HFpEF) was to CRF (50).
A progressive decline in the incidence of HFpEF occurred with

fraction assessed according
higher CRF levels (in a dose-response manner), independent of
age, gender, race, CVD risk factors, and medications. Changes in
CRF  Dbetween the and final reflected

proportional changes in HFpEF risk. When compared to those

initial exercise test
who were unfit at both baseline and final evaluations (unfit-unfit),
the risk of developing HFpEF was 37% lower for unfit individuals
who improved their CRF status to the moderately fit category. Fit
individuals who remained fit had the lowest risk. Notably, the
protective effect of CRF deteriorated for fit individuals who became
unfit, defined as a decline in CRF by approximately 34% over a
mean of 6.5 + 3.9 years between the initial and final ETT evaluations.
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CRF and hypertension

In a cohort of 2,303 pre-hypertensive Veterans followed for
~9.2 years, we observed that higher CRF was inversely associated
with the rate of progression to HTN. Compared to individuals
with the highest exercise capacity (>10 METs), the multivariate-
adjusted risk for developing HTN was 36% higher for those with
an exercise capacity between 8.6 and 10 METs; 66% higher for
those between 6.6 and 8.5 METs, and 72% higher for individuals
who achieved <6.5 METs (51).

CRF and incidence of type 2 diabetes
mellitus

The preventive impact of CRF on the development of Type 2
diabetes mellitus (T2DM) has been described by at least two
randomized trials (52, 53). Recently, concerns have been raised
regarding the diabetogenicity of statin therapy (54, 55). T2DM
patients treated with statins have been shown to progress to insulin
therapy at a higher rate than those not treated with statins (56). In
the ETHOS study, dyslipidemic patients treated with statins
similarly had an increased risk of developing T2DM (57). However,
this increase was only evident in patients with relatively poor CRF.
We recently noted that the statin-related progression to insulin
therapy in T2DM patients treated with statins was accentuated by
excess body weight but mitigated by increased CRF regardless of
BMI (58). To evaluate the role of CRF on the impact of statins on
progression to need for insulin, the ETHOS data set was similarly
leveraged to examine this risk within CRF categories among those
treated and not treated with statins. For those not on statin
therapy, the association between CRF and the rate of progression
insulin was inverse and graded. The incidence was 45% lower for
those in the highest fit quintile compared to the least fit quintile.
For the statin-treated subgroup, the rate of progression to insulin
was 43% higher for the Least-fit and only 9% higher for the next
least-fit group. These findings suggest that the diabetogenic impact
of statins is evident only in patients with relatively low CRF levels
(least fit and low fit), and it is attenuated markedly by increased CRF.

CRF and chronic kidney disease

Chronic kidney disease (CKD) is among the three costliest health
conditions in the VAHCS, due to the high costs associated with
managing complications, dialysis, and related treatments such as
concomitant cardiovascular disease and hospitalizations. Therefore,
preventing factors that lead to CKD, such as hypertension,
smoking, obesity, and diabetes, can reduce the burden that this
condition places on the VAHCS health system. Low CRF is
another factor, although largely unrecognized, that strongly
influences risk for CKD. Among subjects from the ETHOS cohort
who were apparently healthy at baseline, a 22% lower risk for the
development of kidney disease was observed for every 1-MET
increase in exercise capacity (59). The most fit quartile had a 58%
lower risk of developing CKD compared to the least-fit quartile.
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CRF and atrial fibrillation (AF)

Some recent evidence suggests there is a higher prevalence of
AF in middle-aged and older elite athletes and those participating
in long-term physical activity, particularly high-intensity physical
activity, as compared to the general population (60-62). However,
this has not been a consistent finding, as an increase, decrease, and
no association between low-to moderate-intensity physical activity
and the incidence of AF have been reported. While evidence
suggests that higher CRF reduces the incidence of AF (63), the
evidence is not entirely consistent (64). In the ETHOS cohort,
722 (12.1%) of 5,962 individuals developed AF (14.5 per 1,000
person-years) over a median follow-up of 8.3 years (65). CRF
was inversely related to AF incidence. The risk was 21% lower
for each 1-MET increase in exercise capacity. Compared with
the least fit individuals, hazard ratios were 0.80 for moderately
fit individuals, 0.55 for fit individuals, and 0.37 for highly
fit individuals.

Individuals who are overweight or obese also have increased
risk for developing AF. In a subsequent analysis, obese and
severely obese subjects had 13% and 32% higher risks for
incidence of AF, respectively, vs. normal weight subjects (66).
Overweight and obese subjects in the most fit quartile had a 50%
lower risk of developing AF compared to the least-fit subjects.
Severely obese subjects had marked increases in AF risk (~50%-
60%) regardless of fitness level. Thus, risk of developing AF
increases with higher BMI and lower CRF.

CRF and health care costs

There are surprisingly few studies that have been performed
on the impact of CRF on healthcare costs. This is likely due to
the vicissitudes of healthcare costs, the difficulty obtaining
a valid fashion, and the fact that CRF is
underappreciated as a risk factor (3-5, 67). In the VETS
cohort, 9,942 subjects (mean 59+11 vyears) underwent a

them in

maximal exercise test for clinical reasons over a 7-year period
(68). CRF, expressed as a percentage of age-predicted peak
METs achieved, was categorized in quartiles. Total and
the VA
Allocated Resource Center and were compared using multiple

annualized healthcare costs were derived from

regression, controlling for demographic and clinical
characteristics. A gradient for reduced healthcare costs was
observed as CRF increased (Figure 4), with subjects in the
least-fit quartile having approximately $14,662 higher overall
costs per patient/year compared to those in the fittest quartile,
after controlling for potential confounding variables (p <0.001).
Each 1-MET higher increment in fitness was associated with a
$1,592 annual reduction in healthcare costs. This equated to a
5.6% lower cost per MET achieved. Most notably, each higher
quartile of fitness was associated with a $4,163 annual cost
reduction (USD) per patient. The effect of CRF was more
pronounced among subjects without cardiovascular disease
(CVD), suggesting that the results were not driven by the

possibility that less fit individuals had greater CVD. In a model
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The association between costs per patient per year (USD) and
exercise capacity (% age-predicted). USD, US dollars. Reproduced
with permission from "The association between costs per patient
per year (USD) and exercise capacity (% age-predicted)” by
Jonathan Myers, Rachelle Doom, Robert King, Holly Fonda, Khin
Chan, Peter Kokkinos and David H. Rehkopf, licensed under CC
BY-NC-ND

including historical, clinical and exercise test responses, heart
failure was the strongest predictor of healthcare costs, followed
by CRF (p <0.01).

Estimating CRF using non-exercise data

The body of evidence from epidemiological studies on the
prognostic utility of CRF has led the AHA to recognize CRF as a
vital sign that should be considered during clinical encounters,
much like the routine assessment of blood pressure (3). However,
routinely conducting a maximal exercise test on all asymptomatic
individuals is neither feasible nor recommended (69). This has
presented a quandary regarding how to incorporate CRF into
routine clinical practice. A growing number of efforts have
addressed this issue by applying multivariate estimates CRF using
non-exercise data. These studies have included factors such as
age, BMI, gender, risk factors, physical activity patterns and
others. Multiple R values associating estimated CRF with
measured CRF have been reported in the range of 0.80-0.90, and
these models have been widely applied in epidemiologic studies
(70). Additional details on this topic are beyond the scope of the
current review, but have recently been reviewed elsewhere (3, 4, 70).

Summary

For more than a quarter century, the VA cohorts described
herein have been influential in helping to define the role of CRF
in determining health outcomes, including prevention of chronic
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disease, incidence of cardiovascular events, and all-cause mortality.
Higher CRF has a favorable impact on outcomes across the
spectrum of chronic conditions. These studies, along with
multiple contemporaneous trials, have helped formulate and
update guidelines on exercise testing as well as recommendations
from national and international health organizations on physical
activity. These observational studies underscore the need for
greater efforts to reduce sedentary behavior, promote physical
activity, and enhance CRF by public health organizations and
healthcare systems in order to reduce the risk of chronic disease.

Data availability statement

Requests to access the datasets can be directed to pk543@kines.
rutgers.edu.

Ethics statement

The studies involving humans were approved by Veterans
Affairs Medical Center in Washington, DC Institutional Review
Board. The studies were conducted in accordance with the local
legislation and institutional requirements. The ethics committee/
institutional review board waived the requirement of written
informed consent for participation from the participants or the
participants’ legal guardians/next of kin because the study looks
at de-identified data from medical records only.

Author contributions

JM: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Supervision,
Validation, Writing - original draft, Writing - review & editing.
Data

Investigation, Methodology, Project administration, Supervision,

PK: Conceptualization, curation, Formal analysis,

Writing - original draft, Writing - review & editing. IS:
Conceptualization, Data curation, Formal analysis, Investigation,
Methodology, Writing - original draft, Writing - review &

References

1. Virani SS, Newby LK, Arnold SV, Bittner V, Brewer LC, Demeter SH, et al. 2023
AHA/ACC/ACCP/ASPC/NLA/PCNA guideline for the management of patients with
chronic coronary disease: a report of the American heart association/American college
of cardiology joint committee on clinical practice guidelines. Circulation. (2023)
148(9):€9-119. doi: 10.1161/CIR.0000000000001168

2. Mancini GBJ, Gosselin G, Chow B, Kostuk W, Stone ], Yvorchuk KJ, et al.
Canadian cardiovascular society guidelines for the diagnosis and management of
stable ischemic heart disease. Can J Cardiol. (2014) 30(8):837-49. doi: 10.1016/j.
€jca.2014.05.013

3. Ross R, Blair SN, Arena R, Church TS, Després JP, Franklin BA, et al. Importance
of assessing cardiorespiratory fitness in clinical practice: a case for fitness as a clinical
vital sign: a scientific statement from the American heart association. Circulation.
(2016) 134(24):€653-99. doi: 10.1161/CIR.0000000000000461

4. Myers ], Cadenas-Sanchez C, Ross R, Kokkinos P. The critical role of
cardiorespiratory fitness in disease prevention. ] Sports Med Phys Fitness. (2024)
64:1361-7. doi: 10.23736/50022-4707.24.16159-2

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2025.1577931

editing. CF: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Supervision,
Writing - original draft, Writing - review & editing. RF:
Conceptualization, Data curation, Investigation, Methodology,
Supervision, Writing — original draft, Writing - review & editing.
Data
Investigation, Methodology, Project administration, Software,

VE:  Conceptualization, curation, Formal analysis,
Supervision, Validation, Writing - original draft, Writing -

review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

The reviewer FSG declared a past co-authorship with the
author JM to the handling editor.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

5. Kaminsky LA, Myers ], Brubaker PH, Franklin BA, Bonikowske AR, German C,
et al. 2023 Update: the importance of cardiorespiratory fitness in the United States.
Prog Cardiovasc Dis. (2024) 83:3-9. doi: 10.1016/j.pcad.2024.01.020

6. Kokkinos P, Myers ]. Exercise and physical activity: clinical outcomes and
applications. Circulation. (2010) 122(16):1637-48. doi: 10.1161/
CIRCULATIONAHA.110.948349

7. Kokkinos P, Myers J. Physical fitness and cardiometabolic disease. Rev Cardiovasc
Med. (2022) 23(8):259. doi: 10.31083/j.rcm2308259

8. Franklin BA, Eijsvogels TMH, Pandey A, Quindry J, Toth PP. Physical activity,
cardiorespiratory fitness, and cardiovascular health: a clinical practice statement of
the ASPC part I: bioenergetics, contemporary physical activity recommendations,
benefits, risks, extreme exercise regimens, potential maladaptations. Am ] Prev
Cardiol. (2022) 12:100424. doi: 10.1016/j.ajpc.2022.100424

9. Franklin BA, Jae SY. Physical activity, cardiorespiratory fitness and
atherosclerotic cardiovascular disease: part 1. Pulse. (2024) 12(1):113-25. doi: 10.
1159/000541165

frontiersin.org


mailto:pk543@kines.rutgers.edu
mailto:pk543@kines.rutgers.edu
https://doi.org/10.1161/CIR.0000000000001168
https://doi.org/10.1016/j.cjca.2014.05.013
https://doi.org/10.1016/j.cjca.2014.05.013
https://doi.org/10.1161/CIR.0000000000000461
https://doi.org/10.23736/S0022-4707.24.16159-2
https://doi.org/10.1016/j.pcad.2024.01.020
https://doi.org/10.1161/CIRCULATIONAHA.110.948349
https://doi.org/10.1161/CIRCULATIONAHA.110.948349
https://doi.org/10.31083/j.rcm2308259
https://doi.org/10.1016/j.ajpc.2022.100424
https://doi.org/10.1159/000541165
https://doi.org/10.1159/000541165
https://doi.org/10.3389/fcvm.2025.1577931
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Myers et al.

10. Franklin BA, Wedig IJ, Sallis RE, Lavie CJ, Elmer SJ. Physical activity and
cardiorespiratory fitness as modulators of health outcomes: a compelling research-
based case presented to the medical community. Mayo Clin Proc. (2023)
98(2):316-31. doi: 10.1016/j.mayocp.2022.09.011

11. Lavie CJ, Sanchis-Gomar F, Laukkanen JA. Fit is it for cardiovascular disease
prediction, prevention, and treatment. Can ] Cardiol. (2021) 37(2):193-5. doi: 10.
1016/j.cjca.2020.05.007

12. US Department of Health and Human Services. Physical activity guidelines
for Americans (2018). Available online at: https://odphp.health.gov/our-work/
nutrition-physical-activity/physical-activity-guidelines (Accessed December 26, 2024).

13. American Heart Association. Physical activity guidelines for Americans from the
US department of health and human services: cardiovascular benefits and
recommendations. Circ Cardiovasc Qual Outcomes. (2018) 11(11):e005263.

14. Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Houston Miller N, Hubbard VS, et al.
2013 AHA/ACC guideline on lifestyle management to reduce cardiovascular risk: a
report of the American college of cardiology/American heart association task force
on practice guidelines. ] Am Coll Cardiol. (2014) 63(25 Pt B):2960-84. doi: 10.1016/
jjacc.2013.11.003

15. Piepoli MF, Abreu A, Albus C, Ambrosetti M, Brotons C, Catapano AL, et al.
Update on cardiovascular prevention in clinical practice: a position paper of the
European association of preventive cardiology of the European society of
cardiology. Eur ] Prev Cardiol. (2020) 27(2):181-205. doi: 10.1177/2047487319893035

16. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte M]J, Lee IM, et al.
American college of sports medicine position stand. Quantity and quality of exercise
for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor
fitness in apparently healthy adults: guidance for prescribing exercise. Med Sci
Sports Exerc. (2011) 43(7):1334-59. doi: 10.1249/MSS.0b013e318213fefb

17. Atkins D, Kilbourne AM, Shulkin D. Moving from discovery to system-wide
change: the role of research in a learning health care system: experience from three
decades of health systems research in the veterans health administration. Annu Rev
Public Health. (2017) 38:467-87. doi: 10.1146/annurev-publhealth-031816-044255

18. Perlin JB, Kolodner RM, Roswell RH. The veterans health administration:
quality, value, accountability, and information as transforming strategies for patient-
centered care. Am ] Manag Care. (2004) 10(11 Pt 2):828-36.

19. Cogan AM, Rinne ST, Weiner M, Simon S, Davila ], Yano EM. Using research to
transform electronic health record modernization: advancing a VA partnered research
agenda to increase research impacts. J Gen Intern Med. (2023) 38(Suppl 4):965-73.
doi: 10.1007/s11606-023-08289-y

20. Sohn MW, Arnold N, Maynard C, Hynes DM. Accuracy and completeness of
mortality data in the department of veterans affairs. Popul Health Metr. (2006) 4:2.
doi: 10.1186/1478-7954-4-2

21. Page WF, Mahan CM, Kang HK. Vital status ascertainment through the files of
the department of veterans affairs and the social security administration. Ann
Epidemiol. (1996) 6:102-9. doi: 10.1016/1047-2797(95)00126-3

22. Ustin J, Umann T, Froelicher V. Data management: a better approach. Physician
Comput. (1994) 12:230-33.

23. Froelicher V, Shiu P. Exercise test interpretation system. Physician Comput.
(1996) 14:40-4.

24. Anderson KM, Wilson WF, Odell PM, Kannel WB. An updated coronary risk
profile: a statement for health professionals. Circulation. (1991) 83:356-62. doi: 10.
1161/01.CIR.83.1.356

25. Mark DB, Shaw L, Harrell FE Jr, Hlatky MA, Lee KL, Bengtson JR, et al.
Prognostic value of a treadmill exercise score in outpatients with suspected
coronary artery disease. N Engl ] Med. (1991) 325(12):849-53. doi: 10.1056/
NEJM199109193251204

26. Lai S, Kayka A, Yamazaki T, Spin ], Goldstein M, Myers J, et al. Treadmill scores
in elderly men. ] Amer Coll Cardiol. (2004) 43:64-74. doi: 10.1016/j.jacc.2003.07.051

27. Morris CK, Myers J, Kawaguchi T, Ueshima K, Hideg A, Froelicher VF.
Nomogram based on metabolic equivalents and age for assessing aerobic capacity
in men. ] Am Coll Cardiol. (1993) 22:175-82. doi: 10.1016/0735-1097(93)90832-L

28. Callaham PR, Froelicher VF, Klein J, Risch M, Dubach P, Friis R. Exercise-
induced silent ischemia: age, diabetes mellitus, previous myocardial infarction and
prognosis. ] Am Coll Cardiol. (1989) 14(5):1175-80. doi: 10.1016/0735-1097(89)
90413-0

29. Yang JC, Wesley RC Jr, Froelicher VF. Ventricular tachycardia during routine
treadmill testing. Risk and prognosis. Arch Intern Med. (1991) 151(2):349-53.
doi: 10.1001/archinte.1991.00400020099020

30. Klein J, Froelicher VF, Detrano R, Dubach P, Yen R. Does the rest
electrocardiogram after myocardial infarction determine the predictive value of
exercise-induced ST depression? A 2 year follow-up study in a veteran population.
J Am Coll Cardiol. (1989) 14(2):305-11. doi: 10.1016/0735-1097(89)90178-2

31. Miranda CP, Liu J, Kadar A, Janosi A, Froning J, Lehmann KG, et al. Usefulness
of exercise-induced ST-segment depression in the inferior leads during exercise testing
as a marker for coronary artery disease. Am ] Cardiol. (1992) 69(4):303-7. doi: 10.
1016/0002-9149(92)90224-M

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2025.1577931

32. Herbert WG, Dubach P, Lehmann KG, Froelicher VF. Effect of beta-blockade on
the interpretation of the exercise ECG: ST level versus delta ST/HR index. Am Heart ].
(1991) 122(4 Pt 1):993-1000. doi: 10.1016/0002-8703(91)90463-R

33. Morrow K, Morris CK, Froelicher VF, Hideg A, Hunter D, Johnson E, et al.
Prediction of cardiovascular death in men undergoing noninvasive evaluation for
coronary artery disease. Ann Intern Med. (1993) 118(9):689-95. doi: 10.7326/0003-
4819-118-9-199305010-00005

34. Dubach P, Froelicher VF, Klein J, Oakes D, Grover-McKay M, Friis R. Exercise-
induced hypotension in a male population. Criteria, causes, and prognosis.
Circulation. (1988) 78(6):1380-7. doi: 10.1161/01.CIR.78.6.1380

35. Froelicher V, Morrow K, Brown M, Atwood E, Morris C. Prediction of
atherosclerotic cardiovascular death in men using a prognostic score. Am ] Cardiol.
(1994) 73(2):133-8. doi: 10.1016/0002-9149(94)90203-8

36. Morris CK, Morrow K, Froelicher VF, Hideg A, Hunter D, Kawaguchi T, et al.
Prediction of cardiovascular death by means of clinical and exercise test variables in
patients selected for cardiac catheterization. Am Heart J. (1993) 125(6):1717-26.
doi: 10.1016/0002-8703(93)90764-Z

37. Vandenbroucke JP, von Elm E, Altman DG, Gotzsche PC, Mulrow CD, Pocock
SJ, et al. Strengthening the reporting of observational studies in epidemiology
(STROBE): explanation and elaboration. PLoS Med. (2007) 4:e297. doi: 10.1371/
journal.pmed.0040297

38. Erlichman J, Kerbey AL, James WP. Physical activity and its impact on health
outcomes. Paper 1: the impact of physical activity on cardiovascular disease and all-
cause mortality: an historical perspective. Obes Rev. (2002) 3(4):257-71. doi: 10.
1046/j.1467-789X.2002.00077.x

39. Hargreaves M. Exercise and health: historical perspectives and new insights.
J Appl Physiol. (2021) 131(2):575-88. doi: 10.1152/japplphysiol.00242.2021

40. Blair SN, Kohl HW 3rd, Paffenbarger RS Jr, Clark DG, Cooper KH, Gibbons
LW. Physical fitness and all-cause mortality: a prospective study of healthy men
and women. ] Am Med Assoc. (1989) 262(17):2395-401. doi: 10.1001/jama.1989.
03430170057028

41. Myers ], Prakash M, Froelicher VF, Kalisetti D, Atwood JE. Exercise capacity and
all-cause mortality in patients referred for exercise testing. New Engl ] Med. (2002)
346:793-801. doi: 10.1056/NEJMo0a011858

42. Kokkinos P, Myers ], Pittaras A, Kokkinos JP, Narayan P, Manolis A, et al.
Exercise capacity and mortality in African-American and Caucasian men.
Circulation. (2008) 117:614-22. doi: 10.1161/CIRCULATIONAHA.107.734764

43. Kokkinos P, Myers J, Faselis C, Panagiotakos DB, Doumas M, Pittaras A, et al.
Exercise capacity and mortality in older men: a 20 year follow-up study. Circulation.
(2010) 122:790-7. doi: 10.1161/CIRCULATIONAHA.110.938852

44. Kokkinos P, Faselis C, Samuel I, Doumas M, Pittaras A, Murphy R, et al.
Cardiorespiratory fitness and mortality risk across the spectrum of age, race, and
gender. ] Amer Coll Cardiol. (2022) 80:598-609. doi: 10.1016/j.jacc.2022.05.031

45. Kokkinos P, Faselis C, Samuel IBH, Lavie CJ, Zhang ], Vargas JD, et al. Changes
in cardiorespiratory fitness and survival in patients with and without cardiovascular
disease. ] Amer Coll Cardiol. (2023) 81:1137-47. doi: 10.1016/j.jacc.2023.01.027

46. Orkaby AR, Driver JA, Ho YL, Lu B, Costa L, Honerlaw J, et al. Association of
statin use with all-cause and cardiovascular mortality in US veterans 75 years and
older. ] Am Med Assoc. (2020) 324(1):68-78. doi: 10.1001/jama.2020.7848

47. Kokkinos P, Myers J, Faselis C, Panagiotakos D, Doumas M. Interactive effects of
fitness and statin treatment on mortality risk in veterans with dyslipidemia: a cohort
study. Lancet. (2012) 381:394-9. doi: 10.1016/S0140-6736(12)61426-3

48. Kokkinos P, Faselis C, Myers ], Narayan P, Sui X, Zhang J, et al
Cardiorespiratory fitness and incidence of major adverse cardiovascular events in
US veterans: a cohort study. Mayo Clin Proc. (2017) 92:39-48. doi: 10.1016/j.
mayocp.2016.09.013

49. Kokkinos P, Faselis C, Franklin B, Lavie CJ, Sidossis L, Moore H, et al.
Cardiorespiratory fitness, body mass index and heart failure incidence. Eur ] Heart
Fail. (2019) 21(4):436-44. doi: 10.1002/ejhf.1433

50. Kokkinos P, Faselis C, Pittaras A, Samuel I, Lavie C, Vargas JD, et al.
Cardiorespiratory fitness and incidence of heart failure with preserved ejection
fraction. Eur ] Cardiac Fail. (2024) 26:1163-71. doi: 10.1002/ejhf.3117

51. Faselis C, Doumas M, Narayan P, Myers J, Tsimploulis A, Kokkinos P.
Exercise capacity and all-cause mortality in male veterans with hypertension aged
>70 years. Hypertension. (2014) 64:30-5. doi: 10.1161/HYPERTENSIONAHA.114.
03510

52. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker
EA, et al. Diabetes prevention program research group. Reduction in the incidence
of type 2 diabetes with lifestyle intervention or metformin. N Engl ] Med. (2002)
346(6):393-403. doi: 10.1056/NEJMoa012512

53. Li G, Zhang P, Wang J, An Y, Gong Q, Gregg EW, et al. Cardiovascular
mortality, all-cause mortality, and diabetes incidence after lifestyle intervention for
people with impaired glucose tolerance in the Da Qing diabetes prevention study: a
23-year follow-up study. Lancet Diabetes Endocrinol. (2014) 2(6):474-80. doi: 10.
1016/52213-8587(14)70057-9

frontiersin.org


https://doi.org/10.1016/j.mayocp.2022.09.011
https://doi.org/10.1016/j.cjca.2020.05.007
https://doi.org/10.1016/j.cjca.2020.05.007
https://odphp.health.gov/our-work/nutrition-physical-activity/physical-activity-guidelines
https://odphp.health.gov/our-work/nutrition-physical-activity/physical-activity-guidelines
https://doi.org/10.1016/j.jacc.2013.11.003
https://doi.org/10.1016/j.jacc.2013.11.003
https://doi.org/10.1177/2047487319893035
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1146/annurev-publhealth-031816-044255
https://doi.org/10.1007/s11606-023-08289-y
https://doi.org/10.1186/1478-7954-4-2
https://doi.org/10.1016/1047-2797(95)00126-3
https://doi.org/10.1161/01.CIR.83.1.356
https://doi.org/10.1161/01.CIR.83.1.356
https://doi.org/10.1056/NEJM199109193251204
https://doi.org/10.1056/NEJM199109193251204
https://doi.org/10.1016/j.jacc.2003.07.051
https://doi.org/10.1016/0735-1097(93)90832-L
https://doi.org/10.1016/0735-1097(89)90413-0
https://doi.org/10.1016/0735-1097(89)90413-0
https://doi.org/10.1001/archinte.1991.00400020099020
https://doi.org/10.1016/0735-1097(89)90178-2
https://doi.org/10.1016/0002-9149(92)90224-M
https://doi.org/10.1016/0002-9149(92)90224-M
https://doi.org/10.1016/0002-8703(91)90463-R
https://doi.org/10.7326/0003-4819-118-9-199305010-00005
https://doi.org/10.7326/0003-4819-118-9-199305010-00005
https://doi.org/10.1161/01.CIR.78.6.1380
https://doi.org/10.1016/0002-9149(94)90203-8
https://doi.org/10.1016/0002-8703(93)90764-Z
https://doi.org/10.1371/journal.pmed.0040297
https://doi.org/10.1371/journal.pmed.0040297
https://doi.org/10.1046/j.1467-789X.2002.00077.x
https://doi.org/10.1046/j.1467-789X.2002.00077.x
https://doi.org/10.1152/japplphysiol.00242.2021
https://doi.org/10.1001/jama.1989.03430170057028
https://doi.org/10.1001/jama.1989.03430170057028
https://doi.org/10.1056/NEJMoa011858
https://doi.org/10.1161/CIRCULATIONAHA.107.734764
https://doi.org/10.1161/CIRCULATIONAHA.110.938852
https://doi.org/10.1016/j.jacc.2022.05.031
https://doi.org/10.1016/j.jacc.2023.01.027
https://doi.org/10.1001/jama.2020.7848
https://doi.org/10.1016/S0140-6736(12)61426-3
https://doi.org/10.1016/j.mayocp.2016.09.013
https://doi.org/10.1016/j.mayocp.2016.09.013
https://doi.org/10.1002/ejhf.1433
https://doi.org/10.1002/ejhf.3117
https://doi.org/10.1161/HYPERTENSIONAHA.114.03510
https://doi.org/10.1161/HYPERTENSIONAHA.114.03510
https://doi.org/10.1056/NEJMoa012512
https://doi.org/10.1016/S2213-8587(14)70057-9
https://doi.org/10.1016/S2213-8587(14)70057-9
https://doi.org/10.3389/fcvm.2025.1577931
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Myers et al.

54. Casula M, Mozzanica F, Scotti L, Tragni E, Pirillo A, Corrao G, et al. Statin use
and risk of new-onset diabetes: a meta-analysis of observational studies. Nutr Metab
Cardiovasc Dis. (2017) 27(5):396-406. doi: 10.1016/j.numecd.2017.03.001

55. Liew SM, Lee PY, Hanafi NS, Ng CJ, Wong SS, Chia YC, et al. Statins use is
associated with poorer glycaemic control in a cohort of hypertensive patients with
diabetes and without diabetes. Diabetol Metab Syndr. (2014) 6:53. doi: 10.1186/
1758-5996-6-53

56. Mansi IA, Chansard M, Lingvay I, Zhang S, Halm EA, Alvarez CA.
Association of statin therapy initiation with diabetes progression: a retrospective
matched-cohort study. JAMA Intern Med. (2021) 181:1562-74. doi: 10.1001/
jamainternmed.2021.5714

57. Kokkinos P, Faselis C, Narayan P, Myers ], Nylen E, Sui X, et al
Cardiorespiratory fitness and incidence of type 2 diabetes in United States veterans
on statin therapy. Am ]| Med. (2017) 130(10):1192-8. doi: 10.1016/j.amjmed.2017.
04.042

58. Kokkinos P, Nylen E, Faselis C, Pittaras A, Samuel IBH, Lavie C, et al.
Progression to insulin therapy in patients with type 2 diabetes according to
cardiorespiratory fitness, body mass index, and statin therapy. Mayo Clin Proc.
(2024) 99(2):249-59. doi: 10.1016/j.mayocp.2023.05.005

59. Kokkinos P, Faselis C, Myers J, Zhang J, Sui X, Apostolos T, et al. Exercise
capacity and incidence of chronic kidney disease in US veterans. Mayo Clin Proc.
(2015) 90:461-8. doi: 10.1016/j.mayocp.2015.01.013

60. Abdulla J, Nielsen JR. Is the risk of atrial fibrillation higher in athletes than in the
general population? A systematic review and meta-analysis. Europace. (2009)
11:1156-9. doi: 10.1093/europace/eup197

61. Ofman P, Khawaja O, Rahilly-Tierney CR, Peralta A, Hoffmeister P, Reynolds
MR, et al. Regular physical activity and risk of atrial fibrillation: a systematic review
and meta-analysis. Circ Arrhythm Electrophysiol. (2013) 6(2):252-6. doi: 10.1161/
CIRCEP.113.000147

62. Kunutsor SK, Seidu S, Makikallio TH, Dey RS, Laukkanen JA. Physical activity
and risk of atrial fibrillation in the general population: meta-analysis of 23 cohort

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2025.1577931

studies involving about 2 million participants. Eur ] Epidemiol. (2021) 36(3):259-74.
doi: 10.1007/s10654-020-00714-4

63. Qureshi WT, Alirhayim Z, Blaha M]J, Juraschek SP, Keteyian SJ, Brawner CA,
et al. Cardiorespiratory fitness and risk of incident atrial fibrillation: results from
the henry ford exercise testing (FIT) project. Circulation. (2015) 131(21):1827-34.
doi: 10.1161/CIRCULATIONAHA.114.014833

64. Khan H, Kella D, Rauramaa R, Savonen K, Lloyd MS, Laukkanen JA.
Cardiorespiratory fitness and atrial fibrillation: a population-based follow-up study.
Heart Rhythm. (2015) 12(7):1424-30. doi: 10.1016/j.hrthm.2015.03.024

65. Faselis C, Kokkinos P, Tsimploulis P, Myers ], Lavie CV, Kyritsi F, et al. Exercise
capacity and atrial fibrillation risk in veterans: a cohort study. Mayo Clin Proc. (2016)
91:558-66. doi: 10.1016/j.mayocp.2016.03.002

66. Kamil-Rosenberg S, Kokkinos P, Grune de Souza e Silva C, Yee WLS, Chan K,
Myers J. Cardiorespiratory fitness, obesity, and incidence of atrial fibrillation. Int
J Cardiol Heart Vasc. (2020) 31:100663. doi: 10.1016/j.ijcha.2020.100663

67. National Academies of Sciences, Engineering, and Medicine, , Health and
Medicine Division, , Board on Population Health and Public Health Practice,
Roundtable on Population Health Improvement, Haag T, Nicholson A. Chapter 2:
Economic perspectives framing health care expenditure. In: Haag T, Nicholson A,
editors. U.S. Health Care Expenditures: Costs, Lessons, and Opportunities:
Proceedings of a Workshop. Washington (DC): National Academies Press (US) (2022).

68. Myers J, Doom R, King R, Fonda H, Abella ], Froelicher V, et al. Association
between cardiorespiratory fitness and health care costs: the veterans exercise testing
study. Mayo Clin Proc. (2018) 93:48-55. doi: 10.1016/j.mayocp.2017.09.019

69. Jonas DE, Reddy S, Middleton JC, Barclay C, Green J, Baker C, et al. Screening
for cardiovascular disease risk with resting or exercise electrocardiography. Evidence
report and systematic review for the US preventive services task force. ] Am Med
Assoc. (2018) 319:2315-28. doi: 10.1001/jama.2018.6897

70. Myers J, Ross R. Cardiorespiratory fitness as a vital sign: approaches to
implementation in the clinical setting. In: Cardiac Rehabilitation and Sports Cardiology:
Current Events and Controversies. Mexico City: Brain & Heart Publishers (2022).

frontiersin.org


https://doi.org/10.1016/j.numecd.2017.03.001
https://doi.org/10.1186/1758-5996-6-53
https://doi.org/10.1186/1758-5996-6-53
https://doi.org/10.1001/jamainternmed.2021.5714
https://doi.org/10.1001/jamainternmed.2021.5714
https://doi.org/10.1016/j.amjmed.2017.04.042
https://doi.org/10.1016/j.amjmed.2017.04.042
https://doi.org/10.1016/j.mayocp.2023.05.005
https://doi.org/10.1016/j.mayocp.2015.01.013
https://doi.org/10.1093/europace/eup197
https://doi.org/10.1161/CIRCEP.113.000147
https://doi.org/10.1161/CIRCEP.113.000147
https://doi.org/10.1007/s10654-020-00714-4
https://doi.org/10.1161/CIRCULATIONAHA.114.014833
https://doi.org/10.1016/j.hrthm.2015.03.024
https://doi.org/10.1016/j.mayocp.2016.03.002
https://doi.org/10.1016/j.ijcha.2020.100663
https://doi.org/10.1016/j.mayocp.2017.09.019
https://doi.org/10.1001/jama.2018.6897
https://doi.org/10.3389/fcvm.2025.1577931
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Translation of clinical practice to research: the VETS and ETHOS epidemiologic prospective cohorts
	Introduction
	Methods
	The VETS cohort
	The ETHOS cohort

	Discussion
	CRF and mortality risk
	CRF-statin interaction and mortality patients with dyslipidemia
	CRF and cardiovascular events
	CRF and heart failure incidence
	CRF and hypertension
	CRF and incidence of type 2 diabetes mellitus
	CRF and chronic kidney disease
	CRF and atrial fibrillation (AF)
	CRF and health care costs
	Estimating CRF using non-exercise data

	Summary
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


