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Abstract

Objective: To determine the association between cardiorespiratory fitness (CRF) and annual health care
costs in Veterans.
Patients and Methods: The sample included 9942 subjects (mean age, 59!11 years) undergoing a maximal
exercise test for clinical reasons between January 2005 and December 2012. Cardiorespiratory fitness,
expressed as a percentage of age-predicted peak metabolic equivalents (METs) achieved, was categorized in
quartiles. Total and annualized health care costs, derived from the Veterans Administration Allocated Resource
Center, were compared using multiple regression, controlling for demographic and clinical characteristics.
Results: A gradient for reduced health care costs was observed as CRF increased, with subjects in the least-fit
quartile having approximately $14,662 (P<.001) higher overall costs per patient per year compared with
those in the fittest quartile, after controlling for potential confounding variables. Each 1-MET higher increment in
fitness was associated with a $1592 annual reduction in health care costs (5.6% lower cost per MET), and each
higher quartile of fitness was associated with a $4163 annual cost reduction 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. Cost savings attributable to higher fitness were
greatest in overweight and obese subjects, with lower savings observed among those individuals with a bodymass
index less than 25 kg/m2. In amodel including historical, clinical, and exercise test responses, heart failure was the
strongest predictor of health care costs, followed by CRF (P<.01).
Conclusion: Low CRF is associated with higher health care costs. Efforts to improve CRF may not only
improve health but also result in lower health care costs.
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C hronic illnesses are increasing in the
United States, in part because of
increasing trends in unhealthy life-

style behaviors including lack of physical ac-
tivity.1,2 In the current era of rising health
care costs, many health care systems have
directed a greater emphasis toward promoting
health behaviors that reduce the incidence of
disability and disease.3,4 The Affordable Care
Act of 2010 includes federally mandated pre-
ventive services for adults that incorporate
counseling on health and wellness, including
physical activity. The latter reflects the widely
recognized observation that more physically
active individuals have fewer health problems
and lower overall health costs, and modulating
fitness, physical activity patterns, or both may
have a profound effect on health care

utilization.1,2,5,6 Indeed, numerous recent
studies have reported that individuals who
are comparatively sedentary have higher over-
all health care costs, which has been attributed
to factors including greater illness, hospitaliza-
tion, and disability.3,5-9

A great deal of epidemiologic evidence has
also been published in recent years demon-
strating a strong inverse association between
level of fitness and adverse health out-
comes.1,2,10-18 Relative to highly fit or moder-
ately fit individuals, low-fit subjects are
particularly susceptible not only to higher mor-
tality but also to higher rates of cardiovascular
events, type 2 diabetes, stroke, hypertension,
particular forms of cancer, and other condi-
tions.1,2,10-18 In a growing number of studies,
fitness has been reported to be a stronger
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predictor of risk for mortality and cardiovascular
events than traditional risk factors including
hyperlipidemia, hypertension, and smok-
ing.1,10,12,13,17 These observations have led
many national and international health organiza-
tions to advocate strategies to improve fitness by
promoting physical activity.12,17,19 Although a
great deal of research in recent years has been
devoted to the economic consequences of phys-
ical inactivity,3,6-9 surprisingly few data are avail-
able regarding the association between objective
measures of fitness and health care costs.

Physical activity patterns are often considered
a surrogate for fitness,18,20 in part because direct
measures of fitness require an exercise test and
are frequently not available.However, quantifying
physical activity patterns in epidemiologic studies
typically relies on self-report, and self-reported
physical activity can be unreliable.21,22 There is
a need for studies on the association between
health care costs and fitness using objective mea-
sures. The Veterans Health Administration in the
US Department of Veterans Affairs Health Care
System has been a leader in the development of
electronic medical records, which not only en-
ables direct quantification of health expenditures
but also detailed observations of history, alter-
ations in health status, and other outcomes.23

These qualities, along with a unique relational ex-
ercise test reporting program that automatically
generates a report for distribution within the Vet-
erans Administration (VA) clinical database,24

and direct measures of fitness determined by a
maximal exercise test provided a singular oppor-
tunity to assess the association between fitness
and health care costs. The demonstration of
such an association would provide an objective,
economic rationale for employers, health care
professionals, and professional organizations to
promote physical activity.

PATIENTS AND METHODS

Study Sample
The population included 9942 consecutive pa-
tients who were referred for an exercise treadmill
test for clinical reasons at the Palo Alto VA Health
Care System and the VAMedical Center inWash-
ington, DC, between January 1, 2005, and
December 31, 2012. Most tests were performed
as part of a routine evaluation, clearance to partic-
ipate in exercise, or assessment of suspected cor-
onary artery disease. The following subjects

were excluded: (1) those unable to complete the
test for orthopedic, neurologic, or similar reasons;
(2) those with an implanted pacemaker; (3) sub-
jects who were unstable or required emergent
intervention; and (4) those with an exercise
capacity less than 2 metabolic equivalents
(METs). In addition, 5 subjects in the study
population were missing data on age and thus
were not included.

Exercise Testing
A thorough clinical history, list of medications,
and cardiac risk factors were recorded
prospectively at the time of testing using comput-
erized forms.24 Patients underwent symptom-
limited treadmill testing using an individualized
ramp treadmill protocol as previously
described.25 Heart rate targets were not used as
an end point or to judge the adequacy of the
test. Estimated METs were calculated from tread-
mill speed and grade.26 Exercise capacity was
expressed as an age-predicted value calculated
fromnormal standards based on veterans referred
for exercise testing.27 Quartiles of percent-
predicted exercise capacity were used to catego-
rize fitness as less than 60%, 60% to less than
80%, 80% to less than 100%, and 100% or
greater of the age-predicted values achieved. Clin-
ical and exercise test data were entered into a
unique collection and reporting program that
automatically generates a report for distribution
within the VA clinical database.24 This program
relies on a set of carefully defined clinical and ex-
ercise variables that are also stored in a relational
database. We used this database to provide the
clinical and exercise data for analysis and as the
parent database used to query the broader VA
database for health care costs.

Calculation of Costs
The Decision Support System is a set of programs
that uses relational databases to provide data on
the costs, patterns of care, patient outcomes,
and workload details of specific patient care
encounters within the VA Health Care System.
Central to this system is theVeteransHealth Infor-
mation Systems and Technology Architecture
with which the VA records clinical data and
documents health care encounters. This system
includes modules that record data from labora-
tory, pharmacy, radiology, surgery, and other de-
partments, information from the abstract of the
hospital discharge, and records of outpatient
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visits, including codes for the type of clinic visited,
procedures, and diagnoses. TheDecision Support
System cost data, including both direct and indi-
rect costs, are extracted from the VA payroll and
general ledger. The cost of each intermediate
product, such as a chest radiograph or a unit of
blood, is also included. Relative value units
(RVUs) are assigned to each product on the basis
of an estimate of the relative costs of the local re-
sources. The department cost per RVU is calcu-
lated and multiplied by the RVUs assigned to
the intermediate product to determine its cost.
The data from each patient encounter include
the number of intermediate products used, their
cost, and the total cost of that encounter. Costs
are given in units roughly equivalent to dollars
but require adjustment for local differences in
cost component values. The list of patients who
had undergone treadmill tests during the study
period was submitted to the Austin VA Automa-
tion Center. The output generated by the center
was merged with our treadmill database. Total
costs for each patient were estimated during the
8-year time period of data collection after the
treadmill test based on a time-weighted average
of the costs during the period inwhich a given pa-
tientwas followed.Notably, our cost estimates are
higher than other cost analyses linked to Medi-
care; this is because many subjects referred for

an exercise test had existing disease and comorbid
conditions, and the fact that the VA system in-
cludes cost details that other systems do not.

Statistical Analyses
Patient characteristics are presented as the per-
centage of the total or mean ! SD. Cost data
are expressed in absolute values in US dollars
as total for the 8-year observation period, and
average cost per patient per year. Comparisons
of costs between quartiles of fitness were per-
formed using linear regression models. For our
primary analyses, we fit 3 different regression
models to show minimally and maximally
adjusted models to examine whether the results
were consistent. Model 1 adjusted only for age
and age-squared, so this can be considered to
be unadjusted for hypothesized confounding
variables. Model 2 then adjusted for the factors
we a priori believed may be confounding the as-
sociation between exercise capacity and costs.
Finally,model 3 also controlled for prevalent car-
diovascular disease (CVD). Amultiple regression
procedurewas performed among clinical and ex-
ercise variables to determine predictors of health
care costs. Sensitivity analyses (not shown)
demonstrated that results were not sensitive to
excluding different proportions of high-cost pa-
tients (top 10%, top 5%, top 1%); thus, the
models were fit on the full population (although
Figures 1 and 2 exclude the top 1% for clarity of
presentation). All analyses were performed using
the R software environment, version 3.3.3.

RESULTS

Subject Characteristics
Clinical and demographic characteristics of the
study sample are presented in Table 1, strati-
fied by levels of age-predicted exercise capac-
ity. The mean age of the sample was similar
across categories, ranging from 57 to 60 years;
97% to 98% were males. The mean body mass
index (BMI) was similar across categories as
well, although there were different levels of
obesity across categories, with the lowest levels
of obesity in those with the highest level of
fitness. There was a high prevalence of cardio-
vascular risk factors across all levels of fitness,
including 10% to 13% currently smoking,
23% to 36% history of hypertension, and
44% to 51% with type 2 diabetes. Thus,
although there were somewhat better risk
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FIGURE 1. The association between costs per patient per year (USD) and
exercise capacity (% predicted). USD ¼ US dollars.
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profiles among those with the highest level of
fitness, these differences were generally not of
a large magnitude.

Figure 1 shows the unadjusted association be-
tween cost per patient per year fit with a flexible
nonlinearmodel, illustrating that this relationship
generally exists across the full distribution of exer-
cise capacity. Figure 2 presents this same relation-
ship, but by category of spending. Mean health
care costs per patient per year in the least-fit group
were approximately $41,100 per year, as
compared with approximately $26,300 per year
in the highest fitness group (P<.001 for trend).
Each 1-METhigher increment in fitness was asso-
ciated with a $1592 reduction in annual health
care costs (5.6% lower costs per MET achieved).
Multiple regression indicated that among clinical,
demographic, and exercise variables, significant
predictors of costs, in rank order, were history
of heart failure, fitness level, hypertension, and
smoking.

Table 2 presents the regression-based esti-
mates of the association between categories of ex-
ercise capacity and total costs per patient per year,
with the lowest level of fitness as the comparison
group. The results were consistent across all the 3
models regardless ofwhich potential confounders
were controlled for.We observed that for those at
or beyond their age-predicted exercise capacity
(#100%), costs were more than $14,000 per
year less than for those achieving less than 60%
of their age-predicted capacity (P<.001).
Compared with the least-fit group, there were
also lower costs for those between 80% and
100% and 60% and 80% of age-predicted exer-
cise capacity.

We also fit a model controlling for age, age-
squared, hypertension, chronic heart failure,
stroke, family history of coronary artery disease,
diabetes, smoking, and drugs in a population
without CVD to ensure that our results were not
being driven by the fact that less-fit individuals
may have CVD along with higher health care
costs. The magnitude of association was even
greater in the population without CVD, where in-
dividuals in the 100% or greater exercise capacity
group had $18,409 lower health care costs per
year compared with individuals with less than
60% age-predicted exercise capacity (P<.001).
The results were similar after excluding subjects
who died within 1 year of follow-up.

Finally, we ran models in the full population
after controlling for BMI in addition to the

covariates controlled for in model 3, and the re-
sults were similar. Individuals in the 100% or
greater exercise capacity group had $13,810
lower health care costs per year comparedwith in-
dividuals in the less than 60% age-predicted exer-
cise capacity group (P<.001). Although the
overall population relationship thus did not
change when controlling for BMI, we also exam-
ined the associations between exercise capacity
and costs at different levels of BMI.We ran 3 sepa-
rate regression models in the populations with
BMI less than 25, 25 to 29.9, and 30 or greater.
The results frommodels stratified by BMI are pre-
sented in Table 3. Although we did not find
strong evidence of effect measure modification
by BMI, cost savings were greatest in relation to
exercise capacity among individuals with BMI be-
tween 25 and 29.9 and with BMI of 30 or greater.

DISCUSSION
The current results demonstrate that level of
fitness is inversely related to overall health care
costs among veterans referred for exercise testing
for clinical reasons. Costs were lower per MET
achieved, and were not altered appreciably after
excluding patients without CVD or who died
within 1 year of follow-up. Among clinical, demo-
graphic, and other exercise data, reduced exercise
capacity was a significant predictor of annualized
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FIGURE 2. Mean annual costs (USD) by category of exercise capacity.
USD ¼ US dollars.
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costs, surpassed only by history of heart failure.
The effects of fitness on health care costs were
particularly evident among overweight and obese
subjects. These results extend the many recent
studies showing lower mortality among individ-
uals with higher versus lower fitness1,10-17 by
demonstrating an inverse association between
objective measures of fitness and directly deter-
mined annual health care costs. The present ob-
servations also support the recent case for
“fitness as a vital sign”12 and the concept that pro-
grams designed to increase worksite physical

activity participation have a positive economic
impact.1,3-9 In addition, these results provide
further impetus for health care providers and
health organizations to recommend moderate
physical activity to their patients to improve
fitness.1,4,12,17,28

In recent years, many efforts have been
directed toward the influence of physical
activity patterns on health care costs. Most
of these studies have centered on short-term
(eg, <1-year) health promotion programs,
and often have been employer-sponsored,

TABLE 1. Characteristics of the Sample by Categories of Age-Predicted Exercise Capacity (mean ! SD or %)

Characteristic
<60%

(N¼2004)
60%-<80%
(N¼3117)

80%-<100%
(N¼2684)

#100%
(N¼ 2137)

Demographic
Age (y) 58!10 57!12 58!11 60!11
Sex (% males) 98 97 97 97

Clinical history and anthropometry
Body mass index (kg/m2) 29!5.9 29!5.3 29!5.0 28!4.6
Obesity (body mass index #30 kg/m2) (%) 37 41 35 33
CVD (%) 51 51 42 26
Type 2 diabetes (%) 51 45 44 50
Heart failure (%) 3 1 1 1
Hypertension (%) 30 23 24 36
Currently smoking (%) 13 14 13 10

Medications (%)
Statins 39 42 37 25
Beta blockers 39 38 33 22
ACE-I 29 26 23 22

Exercise test responses
Resting heart rate (beats/min) 77!15 76!14 75!13 75!21
Resting systolic blood pressure (mm Hg) 135!26 133!20 131!19 129!17
Resting diastolic blood pressure (mm Hg) 80!12 80!11 81!11 81!11
Maximal heart rate (beats/min) 124!22 134!21 141!20 152!20
Maximal systolic blood pressure (mm Hg) 169!29 176!27 178!24 181!24
Maximal diastolic blood pressure (mm Hg) 84!15 84!14 85!23 85!32
Exercise capacity (METs) 4.4!1.2 6.6!1.4 8.3!1.6 10.8!2.4

ACE-I ¼ angiotensin-converting enzyme inhibitor; CVD ¼ cardiovascular disease; MET ¼ metabolic equivalent.

TABLE 2. Regression-Based Association of Total Cost Per Patient Per Year and Age-Predicted Exercise Capacity (Estimates in USD)a,b

Exercise capacity N

Model 1 Model 2 Model 3

Estimate 95% CI Estimate 95% CI Estimate 95% CI

#100% 2137 $14,847c $19,778 to $9915 $14,836c $19,794 to $9877 $14,730c $19,747 to $9712
80%-<100% 2684 $7723d $12,400 to $3047 $6574d $11,262 to $1886 $6542d $11,236 to $1848
60%-<80% 3117 $8548c $13,089 to $4007 $7379d $11,917 to $2842 $7381d $11,919 to $2843
<60% 2004 Comparison group Comparison group Comparison group

aCAD ¼ coronary artery disease; CVD ¼ cardiovascular disease; USD ¼ US dollars.
bModel 1 controls for age and age-squared. Model 2 also controls for hypertension, chronic heart failure, stroke, family history of CAD, diabetes, smoking, and drugs. Model 3
also controls for prevalent CVD.
cP<.001.
dP<.01.
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which raises the potential for participation bias
(eg, those who choose to participate are
healthier than those who do not). Health
care costs from these studies have typically
been linked to Medicare claims data and
thus the samples have been limited to compar-
atively older subjects. In addition, many of the
estimates of population-level cost savings asso-
ciated with higher physical activity patterns
are based on hypothetical models and have
therefore required assumptions for values on
costs of services.6,29,30 Moreover, private and
Medicare costs and services are often poorly
integrated, may vary considerably, and may
not accurately reflect true health care
costs.31,32 Regardless of the source of cost
data, these studies are consistent in demon-
strating that health care expenditures are
considerably lower among more active indi-
viduals.3,4,6-9,33 The current study extends
these findings on patterns of physical activity
by relating direct health expenditures within
a single, integrated health care system to
objective measures of fitness.

There are a limited number of previous
studies that have been performed relating
health expenditures to exercise capacity.
Mitchell et al34 reported an inverse relation be-
tween fitness level (expressed in quartiles) and
the number of office visits and hospitalizations
over a 1-year period. Subjects who exhibited
improved fitness on a second examination
had a decreased number of hospital stays
compared with those who remained classified
as unfit. Although direct costs were not avail-
able in the Mitchell et al34 study, the compar-
ison between the fittest subjects and the

least-fit amounted to a 53% reduction in costs
based on overnight hospital stays, which is
roughly similar to the overall reduction in
direct costs between the most-fit and least-fit
quartiles in the present study (Table 2). Weiss
et al35 quantified inpatient and outpatient
costs after a maximal exercise test among
veteran subjects, and reported that among
clinical, demographic, and exercise test vari-
ables, exercise capacity was the strongest pre-
dictor of health care costs during the year
subsequent to the exercise test. Costs were
incrementally lower by an average of 5.4%
per MET achieved. Most recently, Bachman
et al36 studied 19,571 individuals who under-
went a baseline fitness assessment at a mean
age of 49 years and who received Medicare
coverage between 1999 and 2009. They
observed that annual health care costs were
significantly lower for participants with high
midlife fitness compared with low midlife
fitness ($7559 vs $12,811 in men, P<.001,
and $6065 vs $10,029 in women, P<.001).
The reductions in annual health care costs
per MET achieved were 6.8% and 6.7% in
men and women, respectively.

The gradient for the reduction in health care
costs between fitness categories in the present
study parallel those of Bachman et al.36 Likewise,
the reductions in annual costs perMET in the cur-
rent study are similar to those of the Bachman
et al36 and Weiss et al35 studies (z5%-7%).
The current results also extend those of Weiss
et al34 among Veterans in several respects. In the
earlier study, costs were available for only 1 year
(for patients tested between 1998 and 2000);
the current study provides a broader evaluation

TABLE 3. Regression-Based Association of Total Cost Per Patient Per Year by Age-Predicted Exercise Capacity and Normal, Overweight, and
Obese Categories (Estimates in USD)a,b

Exercise capacity N

BMI<25 kg/m2

(N¼1381)
BMI¼25-29.9 kg/m2

(N¼5126)
BMI#30 kg/m2

(N¼3484)

Estimate 95% CI Estimate 95% CI Estimate 95% CI

#100% 2137 $596 $13,244 to 12,053 $17,784c $23,827 to $11,743 $19,509d $34,486 to $4532
80%-<100% 2684 2261 $9412 to 13,665 $9324e $15,282 to $3366 $7184 $17,615 to 3247
60%-<80% 3117 3209 $7930 to 14,348 $10,655c $16,560 to $4750 $8351 $17,687 to 984
<60% 2,004 Comparison group Comparison group Comparison group

aBMI ¼ body mass index; CAD ¼ coronary artery disease; CVD ¼ cardiovascular disease; USD ¼ US dollars.
bAll models controlled for age, age-squared, hypertension, chronic heart failure, stroke, family history of CAD, diabetes, smoking, drugs, and prevalent CVD.
cP<.001.
dP<.05.
eP<.01.
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of health-related expenses over 8 years. Thus, the
present findings are less likely to be influenced by
a given patient’s inordinate costs or catastrophic
event. The longer follow-up period permitted
the removal of subjects who died within 1 year af-
ter testing, reducing the potential for reverse cau-
sality, as well as the potential influence of late-life
illness on costs. In addition, the follow-up period
facilitated the annualizing of costs, in which cost
data were standardized to represent single years.
The VA informatics have also evolved consider-
ably over the last decade, allowing for better
data accuracy and more complete follow-up.
For example, the VA Information Resource Cen-
ter, a resource designed to develop, optimize,
and disseminate research-relevant information
related to VA databases and information sys-
tems,37 was not previously available.

The potential to lower health care costs pro-
vides an additional impetus for health care pro-
viders to promote physical activity in order to
improve fitness. In addition to reduced rates
of cardiovascular and all-cause mortality,
higher levels of fitness are associated with re-
ductions in the incidence of numerous chronic
conditions.1,2,10-17 Health care costs have risen
in the United States and other Western coun-
tries disproportionately as a percentage of gross
domestic product for more than 20 years, a
trend that several economic analyses have
concluded is unsustainable.38,39 Given the
growing proportion of Western populations
that are sedentary1,2,11,12,17 and the epidemic
rise in obesity, diabetes, and other conditions
in part related to sedentary lifestyles,2,40 efforts
by health care providers to increase physical ac-
tivity therefore have the potential to have a
marked impact on lowering health care costs
by increasing fitness. Even modest improve-
ments in fitness have important societal benefits
that include improved quality of life, higher
productivity, and reduced disability.1,4,12,16,17

A significant societal cost not typically consid-
ered in the economic studies is that associated
with reduced physical function, and fitness is
an important determinant of loss of function.41

The potential to reduce health care costs by
improving fitness through physical activity is
therefore an important public health message.

Study Limitations
Matching cost and treadmill data were available
only for an 8-year period; as more cost data

become available, a broader and longer-term
assessment may provide greater insights into
the association between health care costs and ex-
ercise capacity.We evaluated overallhealth costs
during the period inwhich datawere available; a
larger data set would be required to stratify by
type of costs (eg, inpatient/outpatient). Serial ex-
ercise tests would be valuable to determine the
influence of changes in fitness on health care
costs, but only a single evaluation was available.
Fitness is a complex attribute that is influenced
by many factors in addition to physical activity
patterns, and it is not possible to account for
all of them. For example, fitter subjects may
have engaged in other healthy behaviors such
as a better diet, regular physician visits, or better
medication adherence. Cost models were
derived fromVA resources, and these may differ
for other health care systems. Because we had
limited power, our BMI-stratified results had
wide CIs that overlap. We thus do not have
data consistent with effect modification, but
our data are suggestive that future work should
examine whether fitness benefits for cost differ
by the level of BMI. Finally, the sample
comprised 98%males, and therefore the results
may not apply to women.

CONCLUSION
The current results demonstrate that low
cardiorespiratory fitness is associated with a
significant financial burden on the health
care system. In addition to its effect on health
outcomes, improving fitness through regular
physical activity should be encouraged for its
potential to lower health care costs.

Abbreviations and Acronyms: BMI = body mass index;
CVD = cardiovascular disease; MET = metabolic equivalent;
RVU = relative value unit; VA = Veterans Administration
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