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ABSTRACT

MITCHELL, T. L., L. W. GIBBONS, S. M. DEVERS, and C. P. EARNEST. Effects of Cardiorespiratory Fitness on Healthcare
Utilization. Med. Sci. Sports Exerc., Vol. 36, No. 12, pp. 2088 -2092, 2004. Background: Prospective study examining the relationship
between cardiorespiratory fitness level and incidence of medical treatments during a 1-yr period before each of two examinations. A
subset was also evaluated to assess whether improvement in fitness affected incidence of treatments. Methods and Results: Part I: Six
thousand six hundred seventy-nine healthy male subjects underwent medical examinations on two occasions, including a maximal
exercise test. Division of subjects by fitness into quartiles (Q1 = low fitness through Q4 = high fitness) revealed an inverse relationship
between fitness and outcome measures. Men in the low-fitness group had more office visits and overnight hospital stays than men in
the high-fitness group (3.5% (Q1) vs 1.6% (Q4) men had 10+ office visits, and 10% (Q1) vs 5.0% (Q4) men had overnight hospital
stays, P < 0.0001). These differences held after adjustment for potential confounding variables (age, follow-up yr, blood pressure,
cholesterol, and smoking). Part II: Subjects in this subset (N = 2974) were evaluated to compare overnight hospital stays between
low-fit men who remained low fit at the second examination, and low-fit men who became fit by the second examination. This cohort
was divided into fitness tertiles (T1 = low fitness through T3 = high fitness). Those who improved their fitness by the time of the
second examination had a decreased number of overnight hospital stays, compared with those who remained unfit at the time of the
second examination (10.2% (T1 at second visit) vs 5.9% (T3 at second visit) had overnight hospital stays, P < 0.03). Conclusions:
Men who maintain or become fit are less likely to have physician visits or overnight hospital stays, compared with men who are unfit.
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hysical activity has demonstrable beneficial effects on
body mass index, hypertension, cholesterol, blood
sugar, and even some forms of cancer (59,11,
13,16,17,19,24,25,27). In spite of the widespread knowl-
edge of its numerous benefits, more than half of American
adults do not achieve the level of physical activity recom-
mended by the Centers for Disease Control and Prevention
and the American College of Sports Medicine, and more
than one fourth report no leisure-time physical activity (28).
National health expenditures are projected to total $3.4
trillion and reach 18.4% of Gross Domestic Product by 2013
(1). The Centers for Disease Control (CDC) and the Health
Care Finance Administration (HCFA) have data regarding
direct costs due to physician visits, hospitalization, and
treatment (7). The financial burden of this cost is borne
largely by company insurance premiums (21%), Medicare
(22%), and direct out-of-pocket payments (56%) (7). Low-
ering these trends could provide cost savings for both the
public and private sectors.
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Various analyses have measured the relationship between
exercise participation, absenteeism (20), healthcare costs
(15), and productivity (26). These relationships have gen-
erally been analyzed as parts of broader health promotion
programs (22,31). The efficacy of exercise alone has been
more difficult to assess, and the results vary. Though the
trend is generally favorable, results are less clear when
evaluating its effectiveness in reducing direct healthcare
costs. One difficulty is the fact that many studies examine
reported participation versus functional capacity (i.e., mea-
sured fitness). To clarify this, we sought to analyze and
answer the following questions: 1) Does fitness correlate
with the incidence of healthcare treatments? and 2) if fitness
improves, does the incidence of healthcare treatments
decrease?

METHODS

Subjects and design. The Institutional Review Board
of the Cooper Aerobics Center evaluated the investigative
proposal for this study as part of its ongoing oversight of the
Aerobics Center Longitudinal Study database, and gave its
approval. Informed consent for laboratory evaluation and
exercise treadmill testing was obtained from all subjects.
Subjects for this study were selected from male patients seen
at the Cooper Clinic in Dallas, TX. Each completed a
detailed medical history, and of 13,344 potential subjects,
10,245 qualified by completing two clinical exams. Subjects
underwent an in-depth, physician-conducted medical eval-
uation at both visits, including a comprehensive review of



their current and past medical/surgical history, medications,
family history, and lifestyle habits. A complete physical
examination was performed (including sigmoidoscopy for
those above 40 yr of age). All had laboratory studies (in-
cluding lipid panel, glucose, chemistries, liver function stud-
ies, kidney function studies, complete blood count, urinal-
ysis, prostate-specific antigen, and stool cards for bleeding)
and anthropometry. All underwent a maximal-effort exer-
cise treadmill test using a modified Balke protocol. If a
prospective participant was found, by this evaluation, to be
healthy, then he was followed longitudinally. Exclusion
criteria included: abnormal resting or exercise electrocar-
diograms, diabetes, history of heart attack, stroke, cancer,
and >80 yr at baseline. Additionally, patients who did not
achieve 85% maximal heart rate were excluded from the
trial, as they may have had preexisting disease or been on
medication that affected heart rate (e.g., beta blockers).
Such individuals may have had conditions associated with a
poorer treadmill test performance and higher incidence of
healthcare treatment during the study period. The remaining
6679 men (mean *+ SD, 44.8 * 9.1 yr, range 20—79 yr, BMI
264 *+ 3.0 kgm ) included in the investigation were pre-
dominantly Caucasian (97%), educated, white collar/profes-
sional, and apparently healthy. Each completed two examina-
tions at the Cooper Clinic in Dallas between 1970 and 1989.

A baseline assessment was performed after informed con-
sent was obtained. After completion of their medical eval-
uation, participants underwent a maximal graded exercise
test. Technicians administering the test followed a standard-
ized protocol (modified Balke). Speed was 88 m-min~ ", and
grade was 0% for the first minute. The grade was increased
by 2% after the first minute, and 1% each minute thereafter
until 25 min. After 25 min, the grade remained the same, and
speed was increased 5.4 m-min~ ' each minute until test
termination. Patients were encouraged to give maximal ef-
fort. Total treadmill test time (s) was used for the fitness
assessment. Patients were divided into quartiles based on
their measured fitness (part I). A subset of the cohort was

TABLE 1. Characteristics of study participants according to fitness level.

analyzed to assess the effects of improved fitness (between
the first and second examinations) to incidence of overnight
hospital stays. Participants in this subset were divided into
tertiles based on their measured fitness (part II).

Part I. Level of fitness for each quartile was defined by
time to exhaustion on the treadmill and age (20-39, 40—-49,
50-59, and 60+ yr) at the baseline examination. The least
fit men were classified as quartile 1 (Q1), whereas the most
fit men were classified as quartile 4 (Q4). The average
(=SD) interval between examinations was 4.9 £ 4.1 yr
(range, 118 yr). Estimated VO, was calculated using stan-
dard American College of Sports Medicine metabolic equa-
tions for treadmill speed and grade. These values, as well as
other characteristics of the subjects at baseline, are pre-
sented in Table 1.

Part Il. For the second portion of this investigation, a
subset of men were divided according to their fitness level
into tertiles (T), again based on time to exhaustion on the
treadmill test. Terciles were used because of a smaller
sample size, as well as the observation that <4% of this
cohort fell into the “true” high-fit group. After completion
of the initial examination, subjects were divided into tertiles
as follows: T1 (20%, low fit), T2 (40%, moderate fit), and
T3 (40%, high fit). The average (=SD) interval between
examinations was 4.9 = 4.1 yr (range, 1-18 yr). At the time
of the second examination, subjects were again divided into
fitness tertiles using the same definitions. The survey in-
strument described below was used to compare the number
of overnight hospital stays between those men who re-
mained low fit (T1) at the second examination, and those
men who had been initially low fit (T1) but became fit (T3)
by the second examination.

Survey instrument. The history form provided data on
health risks, lifestyle, family history, and other illnesses.
The history contained the following questions:

1. How many times in the past 12 months have you seen
a physician for:

a. Routine check-ups: 0, 1, 2-5, 6-10, >10.

Fitness Quartile

1 2 3 4

Subjects (M) 1694 1649 1667 1669
Age (yr) 54 +9.1 453 =91 451 =92 441 =90
Peak treadmill duration (min) 127 +25 16.8 + 1.9 20019 249 +27
Estimated VO,, (mL-kg~"-min~") 33.0 39.5 439 51.0
BMI (kg-m~2) 283 4.1 26.5 = 3.1 257 +26 243+23
Total cholesterol

(mmol-L™") 5.68 = 1.02 5.53 = 1.02 5.40 = 0.99 521 +0.94

(mg-dL™") (220.0 = 39.4) (214.0 = 39.4) (208.7 = 38.2) (201.7 = 36.4)
HDL cholesterol

(mmol-L™) 1.08 = 0.28 114 £0.29 112 +0.31 1.34 + 0.32

(mg-dL™™) (419 =10.9) (439 £11.2) (46.7 = 12.0) (51.8 = 12.4)
Triglyceride

(mmol-L™) 1.84 £1.22 1.54 £1.01 1.33 £ 0.91 1.02 = 0.56

(mg-dL™T) (164.4 = 108.2) (137.0 = 89.5) (118.1 = 80.9) (90.5 = 50.0)
Fasting glucose

(mmol-L~—) 5.55 = 0.55 5.49 = 0.54 5.44 = 0.49 5.39 = 0.48

(mg-dL™") (99.9 = 10.0) (98.9 +9.8) (98.0 = 8.9) (97.2 = 8.7)
Blood pressure (mm Hg)

Systolic 1232 +13.2 120.7 = 13.1 120.3 = 12.9 120.3 = 13.1

Diastolic 82.8 9.6 81.0=94 80.0 =94 78784
Current smoking (%) 25 15 11 5.30
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TABLE 2. Incidence of healthcare utilization for 1-yr low-fit (Q,), moderate-fit (Q,~Q5), and high-fit (Q,) men.

Incidence of Physician Attended Office Visits

Incidence of Overnight Hospital Stays

0 1 2-5 6-10 >10 0 1-3 4-7 8-14 >14

Fitness quartile
Q, (N = 1694) 23.3 25.1 421 6.0 35 90.1 5.2 2.9 1.2 0.6
Q2 (M= 1649) 25.0 29.2 38.0 45 3.3 92.7 3.6 2.8 0.6 04
Q, (V= 1667) 27.2 28.5 374 47 2.2 92.6 5.5 14 0.4 0.1
04 (M= 1669) 32.1 29.8 32.8 3.7 1.6 95.2 3.2 11 0.4 0.2

Values expressed as percentage of group.

b. Medical treatment: 0, 1, 2-5, 6-10, >10.

2. Were you hospitalized for at least one night during the
last year?

a. No.

b. Yes: 1-3, 4-7, 8-14, >14.

Statistical analysis. Data were analyzed using the
SAS statistical program (Cary, NC), and contiguous tables
were used to assess differences in health outcomes between
fitness level categories. To compare average physician of-
fice visits and overnight hospital stays, we used the mean for
each category. For example, if a patient reported 2—5 visits
to the doctor, the designation for office visits would be 3.5.
For patients in the highest category (>X), we assigned it as
X+ 1. The study period was the 1-yr interval before the most
recent evaluation. A test for trend examined the strength of
the dependent variables across fitness categories. All data
were corrected for potential confounding variables (smok-
ing, cholesterol, and blood pressure), with P values reflect-
ing two-tailed tests. Those values below 0.05 were consid-
ered statistically significant. An estimate of financial burden
was made for overnight hospital stays using data from
National Health Statistics Group indicator tables ($1127 per

day) (18).

RESULTS

Part I: effect of fitness on healthcare utilization.
The most fit group was less likely to require a physician
attended office visit during 1 yr (P < 0.0001). Those re-
porting “no physician-attended office visits” were 23.3%
(Q1), 25.0% (Q2), 27.12% (Q3), and 32.1% (Q4). Those
reporting one medical treatment were similarly grouped,
with 25.1% (Q1), 29.2% (Q?2), 28.5% (Q3), and 29.8% (Q4)
(Table 2). However, as the incidence of medical treatments
increased to more than one, those in the low-fit group were
more likely to receive medical treatment than those in the
high-fit group (test for trend: P < 0.0001). For example,
only 1.5% of the patients in Q4 received more than 10
medical treatments, compared with 3.5% in Q1 (Table 2).

The majority of the study population required no over-
night hospital stays (90.1% (Q1), 92.17% (Q2), 92.6% (Q3),
and 95.2% (Q4). However, low-fit subjects were more likely
than high-fit subjects to stay in a hospital for at least one
night during the study period 5.2% (Q1) and 3.2% (Q4)
(Table 2). The average overnight stays (per 1000 person-
years) were 390/1000 (Q1), 310/1000 (Q2), 240/1000 (Q3),
and 210/1000 (Q4); P < 0.0001 (Fig. 1). These associations
did not change when adjusted for age, follow-up years, and
previously mentioned potential confounding variables.
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Part lI: effect of improved fithess on overnight
hospital stays. Chi-square analysis across dependent
variables revealed an inverse relationship between improved
fitness and overnight hospital stays. When the subset was
analyzed before taking into account improved fitness, sub-
jects exhibited a pattern similar to that reported in part I. The
least fit (T1, 10.3%) were more likely to require a overnight
hospital stay than the most fit (T3, 5.6%) (Table 3). Of those
who remained low fit by the second evaluation (44% of the
group), 10.2% stayed in a hospital for one or more nights,
whereas only 5.9% of those who became fit (56% of the
group) stayed in a hospital overnight during the study year;
P < 0.0001 (Table 3). After adjustment for age, follow-up
years, blood pressure, lipid fractions, and smoking, average
nights in a hospital (per 1000 person-years) were 372/1000
for those who remained low fit, and 197/1000 for those who
improved fitness (P = 0.03; Fig. 1).

DISCUSSION

We found that cardiorespiratory fitness is inversely re-
lated to healthcare utilization in men. Using data from the
National Health Statistics Group, fit men (part I) as well as
those who become fit (part II) exhibit healthcare utilization
trends that would amount to approximately a 53% reduction
in direct healthcare costs (from overnight stays in a hospi-
tal). Previous studies evaluating the financial effect of fit-
ness on healthcare utilization have been done as parts of
larger studies assessing work site health promotion pro-
grams. Ours is the first performed at a freestanding clinic to
evaluate healthy subjects from a variety of occupations.

Remaln Become
Low Fit Fit

Overnight Hospital Stays Per 1,000 Man-Years

FIGURE 1—Overnight hospital stays (per 1000 person-years), ad-
justed for age and follow-up years. Q1-Q4 represent the increasing
levels of fitness (part I). Data on the right represent subset of men who
either remain unfit or become fit (part II).

http://www.acsm-msse.org



TABLE 3. Incidence of overnight hospital stays associated with a change in fitness.

Fitness Tercile Any 13 47 814 >14
First exam
T, (N = 595) 1030 530 320 120 0.70
T, (N = 1190) 750 450 210 060 0.30
T; (N = 1189) 560 380 130 040 0.20-

Second exam
Remain low fit (T,—T,, N = 262) 1020 6.60 230 040 0.80
Become fit (T,—T,, T5, N = 333) 590 410 1.60 030 0.00

Values expressed as percentage of group.

The consequences of a sedentary lifestyle are well doc-
umented relative to cardiovascular disease and all-cause
mortality (3,4,12,21). Blair et al. showed (4) that the ma-
jority of the benefits from exercise were achieved in groups
developing moderate levels of fitness, with only modest
gains to be expected with higher levels of fitness. Our data
show a similar trend for fitness and healthcare utilization.

A question remains. Is someone healthy because they are
fit, or fit because they are healthy? Blair et al. (2) demon-
strated associations between changes in treadmill time and
changes in coronary heart disease risk factors in middle-
aged men (an improvement in treadmill time being associ-
ated with improved risk factors) (2). A similar trend has
been noted in studies comparing fitness to obesity and
diabetes (29,30). It is estimated that each 1-min improve-
ment in treadmill tie attenuates weight gain in men and
women, as well as age-related weight gain in healthy mid-
dle-aged adults (8). These changes in fitness and their in-
fluence on risk factors occur in as little as 6 months for
participants reaching the levels of physical activity recom-
mended by the CDC and American College of Sports Med-
icine (10). This may explain some of the decrease in health-
care utilization we observed.

Several reports have examined the effect of work site
fitness and wellness programs on healthcare utilization
(6,14,31). Yen et al. (32) reported average annual medical
costs (based on a variety of measurements) to be $67-$778
higher for high-risk versus low-risk employees. Although
these data are favorable, employer-funded programs may
include a degree of participation bias, as many offer incen-
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