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Brief Report

Fitness and Fatness as Mortality Predictors in Healthy
Older Men: The Veterans Exercise Testing Study

Paul McAuley,! Jesse Pittsley,! Jonathan Myers,? Joshua Abella,2 and Victor F. Froelicher?

Department of Human Performance and Sport Sciences, Winston-Salem State University, North Carolina.
2Cardiology Division, VA Palo Alto Health Care System/Stanford University, California.

Background. Low body mass index (BMI) and low cardiorespiratory fitness (CRF) are independently associated with
increased mortality in the elderly. However, interactions among BMI, CRF, and mortality in older persons have not been
adequately explored.

Methods. Hazard ratios (HRs) were calculated for predetermined strata of BMI and CRFE. Independent and joint as-
sociations of CRF, BMI, and all-cause mortality were assessed by Cox proportional hazards analyses in a prospective
cohort of 981 healthy men aged at least 65 years (mean age [+5D], 71 [£5] years; range, 65-88 years) referred for exercise
testing during 1987-2003.

Results. During a mean follow-up of 6.9 + 4.4 years, a total of 208 patients died. Multivariate relative risks (95%
confidence interval [CI]) of mortality across BMI groups of <20.0, 20.0-25.0, 25.0-29.9, 30.0-34.9, and >35.0 were 2.51
(1.26-4.98), 1.0 (reference), 0.66 (0.48-0.90), 0.50 (0.31-0.78), and 0.44 (0.20-0.97), respectively, and across CRF
groups of <5.0, 5.0-8.0, and >8.0 metabolic equivalents were 1.0 (reference), 0.56 (0.40-0.78), and 0.39 (0.26-0.58),
respectively. In a separate analysis of within-strata CRF according to BMI grouping, the lowest mortality risk was ob-
served in obese men with high fitness (HR [95% CI] 0.26 [0.10-0.69]; p = .007).

Conclusions. In this cohort of elderly male veterans, we observed independent and joint inverse relations of BMI and

CRF to mortality. This warrants further investigation of fitness, fatness, and mortality interactions in older persons.

Key Words: Cardiorespiratory fitness—Body mass index—Mortality—Obesity paradox.

BESITY, as defined by body mass index (BMI), is asso-
ciated with increased mortality in the general population
of U.S. adults (1). However, among older adults, the mortality
risk associated with being overweight or obese is controver-
sial (2,3). Some studies show a U-shaped BMI-mortality rela-
tionship (4,5), whereas others show an inverse association
(6-9) or no association (10). Such disparate findings warrant
further investigation of this relationship in the elderly.
Cardiorespiratory fitness (CRF) is a strong independent
predictor of mortality in older adults (11-13). However,
data on interactions among CRF, BMI, and mortality are
sparse (10). Furthermore, the mortality risk of underweight
may be confounded by unintentional weight loss stemming
from poor health. To avoid this problem, we confined this
investigation to healthy persons.
The purpose of this study was to test the hypothesis that
high CRF and high BMI are independently and jointly associ-
ated with a lower risk for death among healthy elderly men.

METHODS

Study Population
The Veterans Exercise Testing Study is an ongoing epide-
miological investigation of more than 9,000 veteran patients

-1009-

referred to two university-affiliated Veterans Affairs medical
centers (Long Beach, California from 1987 to 1991 and Palo
Alto, California from 1992 onward) for clinical exercise test-
ing. From this database, we identified 2,469 consecutive men
aged 65 years or older who completed a baseline medical
examination and maximal exercise test at least once at either
Long Beach, or Palo Alto, during 1987-2003. This com-
prised approximately one third of all tests referred to our
Cardiology Section during this time period. After excluding
patients with an abnormal exercise test, documented cardio-
vascular disease (CVD), or both, we evaluated a total of 981
apparently healthy men aged 65-88 years. CVDs included
coronary artery disease, myocardial infarction, heart failure,
and stroke. Participants were classified according to five pre-
determined BMI groups: <20.0, 20.0-24.9, 25.0-29.9, 30.0-
34.9, and >35.0 kg/m?, and according to three predetermined
CRF groups: <5.0, 5.0-8.0, and >8.0 metabolic equivalents
(METs). Low fitness (<5.0 METs) and “normal” weight
(BMI 20.0-24.9 kg/m?) were used as the reference groups.
To evaluate the interaction of BMI and CRF, we further clas-
sified participants within strata of CRF according to BMI
group (for these analyses, BMI 30.0-34.9 and >35.0 kg/m?
were combined). This resulted in nine crossover groups, with
normal BMI-low fitness as the reference group (the group
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with <20.0 BMI had too few participants and was excluded).
Hazard ratios (HRs) were calculated using Cox proportional
hazards analyses adjusting for age, ethnicity, current smok-
ing, hypertension, and hypercholesterolemia. For the inde-
pendent analyses of the BMI and CRF groups, we developed
a second proportional hazards model that added adjustment
for CRF and BMI as continuous variables, respectively. All
participants gave written informed consent. Additional in-
formation on study methods and participant characteristics
of this cohort has been published elsewhere (14).

Mortality Surveillance

Mortality data were gathered from the Social Security
Death Index and California Death Registry. Participants in
the study were those who completed their baseline exami-
nation as of December 31, 2003. Vital status was determined
as of December 31, 2004. Therefore, all participants were
followed for at least 1 year from baseline.

Clinical Evaluation and Exercise Testing

All participants completed a symptom-limited maximal
exercise test using an individualized ramp treadmill proto-
col (15). Before testing, a self-administered questionnaire
was used to predict target maximal METs that would be
achieved within a range of 8—12 minutes (16). Immediately
prior to the exercise test, height and weight were measured
using standard procedures, and BMI was calculated as
weight in kilograms divided by the square of height in me-
ters. A microcomputer automatically increased workload
after an individualized walking speed was established
and predicted values for maximal exercise capacity were
entered.

A 12-lead electrocardiogram was recorded each minute,
and blood pressure was recorded on alternate minutes
throughout the test. Standard clinical criteria for terminat-
ing the tests (e.g., fall in systolic blood pressure, ST-
segment depression >2.0 mm, dangerous arrhythmias) were
followed (17), but no heart rate or time limit was imposed,
and a maximal effort was encouraged. Standardized equa-
tions were used to determine the calculated peak METs on
the basis of treadmill speed and grade (17). Exercise capac-
ity was expressed as the maximal MET value attained dur-
ing the exercise test.

Statistical Analysis

The statistical software Numbers Crunching Statistical
Software (Kaysville, UT) was used for all statistical analy-
ses. The mean and standard deviation of each variable were
calculated, with participants categorized as survivors or de-
cedents. The independent effects of BMI and CRF were as-
sessed using two proportional hazards models: first,
adjusting for age, ethnicity, and CVD risk factors (hyperten-
sion, hypercholesterolemia, and current smoking), and sec-

ond, by adding CRF (for BMI) and BMI (for CRF) entered
as continuous variables. In joint analyses, nine CRF-BMI
categories were assessed using a single proportional haz-
ards model adjusting for age, ethnicity, and CVD risk fac-
tors. The Shoenfeld residuals were used to assess the
proportional hazards assumption and the assumption was
met.

REsuULTS

During a mean follow-up of 6.9 + 4.4 years (range, 1.0—
17.6 years), 208 deaths were recorded. The general charac-
teristics of the study population, grouped by survival status,
are presented in Table 1. The study population consisted of
75% non-Hispanic Whites, 9% Hispanics, 10% African
Americans, and 6% Asian Americans, who ranged in age
from 65 to 88 years (mean 71.3 + 5.0). Underweight pa-
tients represented 2.1% of the cohort, normal weight 26.3%,
overweight 46.6%, and obese 25.0%. In general, surviving
patients were more fit, had a significantly higher BMI, and
had a higher prevalence of hypercholesterolemia, and in-
cluded a lower percentage of current smokers.

In the fully adjusted model, each 1-unit increase in BMI
and METs was associated with reductions in mortality risks
of 9% (HR [95% confidence interval {CI}] of 0.91 [0.88~
0.95]; p<.001) and 12% (HR [95% CI] of 0.88 [0.83-0.92];
p < .001), respectively (Tables 2 and 3). The HRs (95% CI)
for mortality associated with underweight, overweight, and
obesity were 2.51 (1.26-4.98), 0.66 (0.48-0.90), and 0.48
(0.32-0.74), respectively, compared with the reference
group of normal-weight men (Table 2). Compared with the
reference group of men with low fitness, HRs (95% CI) for
moderate and high fitness were 0.56 (0.40-0.78) and 0.39
(0.26-0.58), respectively (Table 3).

In the fully adjusted multivariate model, the association
of the interaction of BMI and METs to all-cause mortality
was significant (p = .005). Stratified results for CRF accord-
ing to BMI are shown in Table 4. Among men having low
CRF, multivariate risk of mortality did not differ by BMI
classification. However, in the moderate CRF group, over-
weight and obese men were 61% and 63% less likely to die
compared with the low CRF~normal BMI reference group
of 56 men. Compared with this reference group, men in the
high-fitness group with normal weight, overweight, and
obesity had reduced mortality risks of 51%, 64%, and 74%,
respectively.

Discussion

Our main finding was that both higher BMI and higher
CRF reduced the risk of all-cause morality in healthy el-
derly men who were referred to exercise testing for clinical
reasons but determined to be free of CVD. Furthermore,
mortality risk was reduced as BMI increased within groups
having moderate or high CRF, but BMI was not significantly
associated with mortality within the low-CRF group.
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Table 1. Baseline Characteristics of 981 Healthy Elderly Men According to Survival Status, Veterans Exercise Testing Study, 1987-2003

Characteristics Total (N =981) Survived (N =773) Died (N = 208) 4
Demographic and clinical data
Follow-up (y) 69+44 69+45 68+39 8
Age (y) 71.3£5.0 71.3£5.0 71.6+4.9 37
Non-Hispanic White ethnicity (%) 74.9 74.3 774 35
BMI (kg/m?) 275144 279+t44 262+4.0 <.001
Resting systolic BP (mm Hg) 1389199 138.7+19.1 139.9+225 42
Resting diastolic BP (mm Hg) 80.3+10.8 804103 796+ 125 31
Resting heart rate (beats/min) 73.6 £13.6 73.1£13.0 75.6+154 .02
BMI groups (%)
<20.0 2.1 14 4.8 .003
20.0-25.0 26.3 24.2 34.1 .004
25.0-29.9 46.6 47.1 44.7 54
>30.0 25.0 273 16.3 .001
Currently smoking (%) 14.8 12.8 22.1 <.001
Hypertension (%) 57.0 574 553 58
Hypercholesterolemia (%)" 27.9 30.1 19.7 .003
Exercise test responses
CRF (METs)* 7.1£29 72+29 64+29 <.001
<5.0 METs (%)* 23.1 21.1 30.8 .004

Notes: Data are means + standard deviation, unless otherwise indicated. BP = blood pressure; BMI = body mass index; CRF = cardiorespiratory fitness; MET =

metabolic equivalents.
*Fasting serum total cholesterol >5.6 mmol/L (>220 mg/dL).

“METs: 1 MET = 3.5 mL/kg/min oxygen uptake; CRF is maximal METs achieved during the exercise test and is calculated from treadmill speed and grade using

standard equations.

Our findings on BMI accord with some (6,7,9) but not
other (4,5,8) previous reports examining the relationship
between BMI and mortality in elderly persons. We offer
four possible explanations for our findings: (i) healthy obe-
sity, (ii) the survival effect, (iii) increased coronary artery
size, and (iv) veteran population differences. In healthy
obese mice, there is preferential storage of triglycerides in
adipose tissue and reduced levels in the liver (18). This may
result in improved insulin sensitivity, preventing diabetes
and heart disease in such animals. A similar mechanism has
been proposed for obese humans (19). Furthermore, older
individuals who have greater fat stores may be better able to
tolerate periods of low caloric intake associated with acute
illness. A second possible explanation is the well-known
survival effect (3). Participants surviving until inclusion in
our study were possibly less susceptible to the negative ef-
fects of overweight. Third, greater coronary artery size

among patients with higher BMI has been proposed as a
possible mechanism for the so-called obesity paradox (20).
This may also be a factor in the better survival outcomes we
observed among the healthy obese men in the present study.
Finally, the possibility of a population-specific veteran ef-
fect should not be discounted. Veterans differ from other
populations of patients. One of the most prominent differ-
ences is the meeting of selection criteria at the time of en-
listment. These criteria include, among others, minimum
height requirements, maximum weight requirements, and
exclusion of recruits having certain preexisting health prob-
lems (21). Hence, obesity, when present in our population,
must have developed after discharge in later life.

Moderate fitness (5.0-8.0 METs) was independently
associated with lower mortality risk, and high fitness
(>8.0 METs) the lowest mortality risk relative to the low-
fitness group (<5.0 METs). These results are consistent

Table 2. Multivariate HRs of All-Cause Mortality According to BMI for 981 Healthy Elderly Men, Veterans Exercise Testing Study, 1987-2003

Model 1* Model 27

BMI (kg/m?) No. of Men No. of Deaths (%) HR (95% CI) )4 HR (95% CI) r
Per 1-unit increment 981 208 (21) 0.93 (0.89-0.96) <.001 0.91 (0.88-0.95) <.001
<20.0 21 10 48) 2.01 (1.02-3.98) .045 2.51 (1.26-4.98) .009
20.0-24.9 258 71 (28) 1 (reference) — 1 (reference) —
25.0-29.9 457 93 (20) 0.66 (0.48-0.90) .009 0.66 (0.48-0.90) .008
30.0-34.9 193 27 (14) 0.56 (0.35-0.87) .01 0.50 (0.31-0.78) .003
>35.0 52 7(14) 0.56 (0.37-0.85) 15 0.44 (0.20-0.97) .042

Notes: BMI = body mass index; CI = confidence interval; HR = hazard ratio.

* Adjusted for age, ethnicity, and cardiovascular disease risk factors (hypertension, hypercholesterolemia, and current smoking).

“Model 1 plus cardiorespiratory fitness.
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Table 3. Multivariate HRs of All-Cause Mortality According to CRF for 981 Healthy Elderly Men, Veterans Exercise Testing Study, 19872003

Model 17 Model 2#
CRF (METs)* No. of Men No. of Deaths (%) HR (95% CI) p HR (95% CI) p
Per 1-unit increment 981 208 (21) 0.89 (0.85-0.94) <.001 0.88 (0.83-0.92) <.001
<5.0 227 64 (28) 1 (reference) — 1 (reference) —
5.0-8.0 446 93 (21) 0.59 (0.43-0.83) <.002 0.56 (0.40-0.78) <.001
>8.0 308 51Q17) 0.45 (0.30-0.67) <.001 0.39 (0.26-0.58) <.001

Notes: CI = confidence interval; CRF = cardiorespiratory fitness; HR = hazard ratio; MET = metabolic equivalents.
*METs: 1 MET = 3.5 mL/kg/min oxygen uptake; CRF is maximal METs achieved during the exercise test and is calculated from treadmill speed and grade using

standard equations.

T Adjusted for age, ethnicity, and cardiovascular disease risk factors (hypertension, hypercholesterolemia, and current smoking).

#Model 1 plus body mass index.

with the findings from previous studies on fitness and
mortality in older adults (11). However, interactions
among BMI, CRF, and mortality are less well studied be-
cause objective measures of CRF, such as maximal exer-
cise testing on a treadmill, are required. From the Aerobic
Center Longitudinal Study (ACLS), Sui and colleagues
(10) recently reported that CRF attenuates the mortality
risk of obesity. Our results are consistent with their main
finding that CRF attenuates the morality risk associated
with obesity. But our findings differ in that obesity was
independently associated with reduced all-cause mortal-
ity and that obese patients having moderate or high fit-
ness survived better than their normal-weight or
overweight counterparts. These observed differences may
be due in large part to demographics (the ACLS cohort
was younger, predominately White, included women and

Table 4. Multivariate HRs of All-Cause Mortality Within Strata of
CRF Groups According to BMI for 981 Healthy Elderly Men,
Veterans Exercise Testing Study, 1987-2003

No. of No. of HR
Fitness Category Men Deaths (%) (95% CI)* )4
Low, <5.0 METs
BMI <20.07 3 3 (100) — —
BMI 20.0-24.9 56 17 (30) 1 (reference) —
BMI 25.0-29.9 103 32 (31) 0.96 (0.57-1.63) .89
BMI >30.0 65 12 (19) 0.56 (0.28-1.13) A1
Moderate, 5.0-8.0 METs
BMI <20.07 10 5(50) — —
BMI 20.0-24.9 107 35(33) 0.85 (0.51-1.42) .54
BMI 25.0-29.9 205 36 (18) 0.39 (0.23-0.64)  <.001
BMI >30.0 124 17 (14) 0.37 (0.20-0.71) .003
High, >8.0 METs
BMI <20.07 8 2(25) — —
BMI 20.0-24.9 95 19 20) 0.49 (0.27-0.91) .03
BMI 25.0-29.9 149 25 (17) 0.36 (0.20-0.63)  <.001
BMI >30.0 56 59 0.26 (0.10-0.69) .007

Notes: BMI = body mass index; CI = confidence interval; CRF = cardio-
respiratory fitness; HR = hazard ratio; MET = metabolic equivalents

* Adjusted for age, ethnicity, and cardiovascular disease risk factors (hyper-
tension, hypercholesterolemia, and current smoking); METs: 1 MET = 3.5 mL/
kg/min oxygen uptake; CRF is maximal METs achieved during the exercise test
and is calculated from treadmill speed and grade using standard equations.

TToo few participants for stratified analysis.

participants not clinically referred, and comprised mainly
of civilians).

A novel finding of the present investigation was that
among healthy older men, the effects of CRF and BMI were
multiplicative. Specifically, our obese, highly fit participants
had the lowest mortality risk of any group. Thus, among
individuals with moderate or high fitness levels, those with
higher BMI had better survival. To our knowledge, this has
not been previously demonstrated.

Our study has several strengths, including: (i) all partici-
pants underwent an extensive physical examination, which
provides thorough information on the presence or absence
of baseline disease; (ii) all participants had a normal exer-
cise test and were free of CVD, which demonstrates the ap-
parent health of participants; (iii) CRF was determined by
maximal exercise testing; and (iv) our sample size consisted
of nearly 1,000 elderly patients with an average follow-up
of almost 7 years.

Our study has several limitations. First, because waist
circumference measures were not obtained, we were not
able to evaluate body fat distribution characteristics. Sec-
ond, we included only men who had prior military service
and were referred for exercise testing for clinical reasons.
Any effort to predict mortality by using fitness, BMI, clini-
cal, or demographic data should be considered population
specific. Though deemed “healthy,” all participants were re-
ferred to exercise testing for clinical reasons. Third, CRF is
a single measure that is influenced by many factors, includ-
ing age, heredity, and recent and lifelong activity patterns
(17). The extent to which CRF may be improved in the el-
derly, or the influence this may have on mortality, cannot be
determined from the present investigation. Finally, because
we only have baseline data on weight, exercise capacity,
and other exposures, we do not know if changes in any of
these variables occurred during follow-up or how this might
have influenced the results.

In summary, both higher BMI and higher fitness were
protective for all-cause mortality in this cohort of elderly
men. Future studies should focus on the influence of fitness
and fatness on mortality in diverse populations and whether
changes in fitness level and/or body weight improve health
outcomes in the elderly.
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ORIGINAL ARTICLE

Obesity Paradox and Cardiorespiratory Fitness in 12,417 Male Veterans
Aged 40 to 70 Years

PAuL A. MCAULEY, PHD; PETER E. KokkiNos, PED; RicArRpo B. OLIVEIRA, PHD; BriaN T. EMERSON, BS;
AND JONATHAN N. MYERs, PHD

OBJECTIVE: To evaluate the influence of cardiorespiratory fitness
{fitness) on the obesity paradox in middle-aged men with known
or suspected coronary artery disease.

PATIENTS AND METHODS: This study consists of 12,417 men aged
40 to 70 years (44% African American) who were referred for ex-
ercise testing at the Veterans Affairs Medical Centers in Washing-
ton, DC, or Palo Alto, CA (between January 1, 1983, and June 30,
2007). Fitness was quantified as metabolic equivalents achieved
during a maximal exercise test and was categotized for analysis
as low, moderate, and high (defined as <5, 5-10, and >10 metabol-
ic equivalents, respectively). Adiposity was defined by body mass
index (BMI) according to standard clinical guidelines. Separate
and combined associations of fithess and adiposity with all-cause
mortality were assessed by Cox proportional hazards analyses.

RESULTS: We recorded 2801 deaths during a mean * SD follow-up
of 7.7%5.3 years. Multivariate hazard ratios (95% confidence in-
terval) for all-cause mortality, with normal weight (BMI, 18.5-24.9
kg/m?) used as the reference group, were 1.9 (1.5-2.3), 0.7
(0.7-0.8), 0.7 (0.6-0.7), and 1.0 (0.8-1.1) for BMIs of less than
18.5, 25.0 to 29.9, 30.0 to 34.9, and 35.0 or more kg/m?, respec-
tively. Compared with highly fit normal-weight men, underweight
men with low fithess had the highest (4.5 [3.1-6.6]) and highly
fit overweight men the lowest (0.4 [0.3-0.6]) mortality risk of
any subgroup. Overweight and obese men with moderate fitness
had mortality rates similar to those of the highly fit normal-weight
reference group.

CONCLUSION: Fitness altered the obesity paradox. Overweight
and obese men had increased longevity only if they registered
high fitness.

Mayo Clin Proc. 2010;85(2):115-121

BMI = body mass index; BP = blood pressure; Cl = confidence interval;
CVD = cardiovascular disease; HR = hazard ratio; MET = metabolic
equivalent; VETS = Veterans Exercise Testing Study

B ody mass index (BMI) has been widely used to evalu-
ate the mortality risk associated with obesity. Although
many large epidemiological studies of the general popula-
tion report a positive association between BMI and mortal-
ity,™* consistent inverse associations (the so-called obesity
paradox) have been observed among patients with heart
failure,* coronary heart disease,> hypertension,” peripheral
artery disease,® type 2 diabetes,” and chronic kidney dis-
ease.!® An obesity paradox has also been observed in health-
ier populations as diverse as San Francisco longshoremen, !
Native American women of the Pima tribe," men from rural
Scotland,® Nauruan men,'* and the elderly.”

Although substantial evidence for an obesity paradox
has accumulated during the past decade,'® including a re-

cent examination of the influence of weight loss,!” the in-
fluence of cardiorespiratory fitness (fitness) has not been
adequately explored. Objective measures of fitness from
clinical exercise testing are not readily available. Conse-
quently, few studies have examined the combined effects
of fitness and BMI on mortality, and
these data come from only 2 cohorts:
the Lipid Research Clinics Study'®!
and the Aerobics Center Longitudinal
Study.?% Collectively, these reports
provide convincing evidence that fitness is a more powerful
predictor of mortality than BMI. However, these findings
are from populations without an obesity paradox.

The Veterans Exercise Testing Study (VETS) affords a
unique opportunity to study simhultaneous measures of fit-
ness and adiposity in a large patient population exhibiting
an obesity paradox. A previous report from our group pro-
vided compelling evidence that higher levels of fitness, as
well as higher BMI, reduced mortality risk in men referred
for exercise testing.?” However, this report did not examine
the combined effects of fitness and BMI on mortality. Such
joint analyses may identify associations obscured in inde-
pendent analyses alone. To avoid bias associated with age,?
we confined our investigation to men aged 40 to 70 years.
The purpose of the current study was to examine the influ-
ence of fitness on the obesity paradox in middle-aged men
with known or suspected cardiovascular disease (CVD).

For editorial
comment,
see page 112

PATIENTS AND METHODS

VETS is an ongoing, prospective epidemiological investi-
gation of veteran patients that began in 1983. All patients
are referred for exercise testing either as a routine evalu-
ation or as an evaluation for exercise-induced ischemia.
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Participants in the current study were drawn from a cohort
of 15,660 male veterans (excluding patients with a history
of implanted pacemaker, those who developed left bundle-
branch block during the test, and those who were clinically
unstable or required emergent intervention) at the Veter-
ans Affairs Medical Center, Washington, DC (n=9042) and
the Veterans Affairs Palo Alto (CA) Health Care System
(n=6618) who completed an exercise tolerance test at least
once during 1983-2007. After patients younger than 40
(n=711) and older than 70 (n=2532) years were excluded,
12,417 patients were included in the analysis.

The 12,417 participants were either African American
(n=5435) or white (n=6982) men who ranged in age from
40 to 70 years (mean + SD, 57+8 years). Ethnicity was de-
termined by electronic records and self-reports at the time
of exercise testing. All patients gave written consent before
the exercise tolerance test. The study was approved by the
institutional review board at each site.

Additional information on study methods and character-
istics of this cohort has been previously published.”

CuinicaL Evatuation anp EXErciSE TESTING

‘A standardized medical examination by a physician, in-
cluding personal and family histories, was completed for
all participants before exercise testing. All demographic,
clinical, and medication information was obtained from
patients’ computerized medical records just before the
exercise tolerance test. Each participant also was asked
to verify the computerized information with regard to his-
tory of chronic disease, current medications, and cigarette
smoking habits. Medications were not changed or stopped
before testing. Body weight and height were recorded be-
fore the test. Body mass index was calculated as weight in
kilograms divided by height in meters squared.

The exercise capacity of the participants at the Vet-
erans Affairs Medical Center (Washington, DC) was as-
sessed by the standard Bruce protocol.*® For participants
at the Veterans Affairs Palo Alto Health Care System, an
individualized ramp protocol was used, as described pre-
viously.?! Peak exercise time was recorded in minutes.
Peak workload was estimated -as metabolic equivalents
(METSs). One MET is defined as the energy expended at
rest, which is equivalent to an oxygen consumption of 3.5
mL - kg - min™.* Exercise capacity (in METSs) was esti-
mated on the basis of American College of Sports Medi-
cine equations.* Participants were encouraged to exercise
until volitional fatigue in the absence of symptoms or
other indicators of ischemia. Supine resting heart rate and
blood pressure (BP) were assessed after 5 minutes of rest.
Exercise BP was recorded every 2 minutes, at peak ex-
ercise, and during recovery. Indirect arm-cuff sphygmo-
manometry was used for all BP assessments. ST-segment

116 Mayo Clin Proc. «  February 2010;85(2):115-121 +  doi:10.4065/incp.2009.0562

depression was measured visually, ST depression of 1.0
mm or greater, horizontal or downsloping, was consid-
ered suggestive of ischemia.

Patients were classified according to 5 predetermined
BMI groups: less than 18.5 (underweight), 18.5 to 24.9
(normal weight), 25.0 to 29.9 (overweight), 30.0 to 34.9
(obese I), and 35.0 or more (obese II or III). They were
also classified according to 3 predetermined fitness groups:
less than 5.0 (Iow), 5.0 to 10.0 (moderate), and more than
10.0 (high) METs. We used this approach to maintain con-
sistency in our study methods and because a widely ac-
cepted clinical categorization of fitness does not exist. The
normal-weight group (BMI, 18.5-24.9) and high-fitness
group (>10.0 METs) were used as the reference groups. To
evaluate the joint effects of BMI and fitness on mortality,
we further classified patients within fitness strata according
to BMI group.

MoRTALITY SURVEILLANCE

We recorded death dates from the Veterans Affairs Benefi-
ciary Identification and Record Locator System File. The
Social Security Death Index was used to match all patients
to their records according to Social Security number. Ac-
curacy of deaths was reviewed by 2 clinicians blinded to
exercise test results and was confirmed using the Veterans
Affairs computerized medical records. Vital status was de-
termined as of June 30, 2007.

STATISTICAL ANALYSES

Continuous variables are presented as mean = SD, and
categorical variables as absolute and relative frequencies
(percent). Descriptive statistics summarized baseline char-
acteristics by BMI category.

Cox proportional hazards analyses were used to deter-
mine separate and combined associations of fitness and
BMI with time to death. Continuous variables (age, BMI,
and METs) were tested using analysis of variance, and cat-
egorical variables (fitness, BMI, and fitness-BMI groups)
were tested using x? tests. We tested models for potential
interactions of BMI and race, and BMI and fitness, with
all-cause mortality.

Independent effects of fitness were examined by 1 pro-
portional hazards model, adjusting for age in years, ethnic-
ity, examination year, test site, CVD (history of myocardial
infarction, angiographically documented coronary artery
disease, coronary angioplasty, coronary bypass surgery,
chronic heart failure, stroke, and/or peripheral arterial
disease), CVD risk factors (hypertension, dyslipidemia,
diabetes mellitus, and/or current smoking), CVD medica-
tions (aspirin, angiotensin-converting enzyme inhibitors,
[-blockers, calcium channel blockers, vasodilators, and/or
statins), and BMI (entered as a continuous variable). In-

www.mayoclinicproceedings.com
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TABLE 1. Baseline Characteristics of Study Participants®

BMI group
Underweight Normal weight Overweight Obese (class)
<185 18.5-24.9 25.0-29.9 30.0-34.9 () 35.0-35.9 0D 240.0 (IIT)
Variable (n=137) (n=2885) (n=5187) (n=2893) (n=947) (n=368)
Follow-up (y) 6.9x59 8.1x54 8.0+5.3 7.3%5.2 6.7+4.9 7.3x5.0
Demographics
Age (y) 61.2+7.1 57.68.1 57.5+8.0 56.8+8.1 56.1+7.8 54.4%7.6
‘White 63 (46.0) 1636 (56.7) 2988 (57.6) 1584 (54.8) 498 (52.6) 213 (57.9)
African American 74 (54.0) 1249 (43.3) 2199 (42.4) 1309 (45.2) 449 (47.4) 155 (42.1)
BMI (kg/m?) 17.3x£1.0 22.8+1.6 274x14 32.1x14 37.0x1.4 44.1+4.3
Medical history
CVDb 41 (29.9) 905 (31.4) 1715 (33.1) 1002 (34.6) 340 (35.9) 130 (35.3)
 Hypertension 38 (27.7) 1103 (38.2) 2419 (46.6) 1684 (58.2) 616 (65.0) 231 (62.8)
Diabetes mellitus 14 (10.2) 325 (11.3) 820 (15.8) 653 (22.6) 291 (30.7) 116 (31.5)
Current smoker 62 (45.3) 1067 (37.0) 1646 (31.7) 849 (29.3) 223 (23.5) 111(30.2)
Medications
ACEI 8(5.8) 248 (8.6) 639 (12.3) 494 (17.1) 202 (21.3) 88 (23.9)
f-blocker . 9(6.6) 356 (12.3) 792 (15.3) 543 (18.8) 195 (20.6) 70 (19.0)
Diuretic 9 (6.6) 190 (6.6) 391 (7.5) 307 (10.6) 130 (13.7) 68 (18.5)
Nitrate 27 (19.7) 395 (13.7) - 593(11.4) 313 (10.8) 102 (10.8) 44 (12.0)
Statin 2(1.5) 82(2.8) 269 (5.2) 199 (6.9) 75 (1.9) 23(6.3)
Clinical
SBP (mm Hg) 122.4+23.8 126.4+21.8 129.8+20.4 132.2+20.1 133.9+20.6 132.4+18.1
METs® 6.0+2.3 7.7+32 7.7£2.9 7.2+2.5 6.7+2.2 6.2+2.1
Fitness category (MET's)
Low (<5.0) 48 (35.0) 543 (18.8) 800 (15.4) 489 (16.9) 179 (18.9) 108 (29.3)
Moderate (5.0-10.0) 83 (60.6) 1779 (61.7) 3471 (66.9) 2088 (72.2) 714 (75.4) 240 (65.2)
High (>10.0) 6 (4.4) 563 (19.5) 916 (17.7) 316 (10.9) 54 (5.7) 20(5:4)

® Data are presented as mean + SD or number (percentage). ACEI = angiotensin-converting enzyme inhibitor; BMI = body mass index; CVD =
cardiovascular disease; MET = metabolic equivalent; SBP = systolic biood pressure.
b CVD included history of myocardial infarction, angiographically documented coronary artery disease, coronary angioplasty, coronary bypass

surgery, chronic heart failure, stroke, and/or peripheral arterial disease.

¢ Calculated from final treadmill speed and grade achieved on the exercise test (1 MET = 3.5 mL/kg/min).

dependent effects of BMI were assessed using 2 propor-
tional hazards models—first, adjusting for age, ethnicity,
examination year, test site, CVD, CVD risk factors, and
CVD medications; second, by adding fitness entered as a
continuous variable. This second model was also used to
assess independent effects of hypertension, diabetes, and
current smoking (except CVD risk factors were mutually
adjusted). Cox proportional hazards analyses were repeat-
ed after excluding current smokers and patients who died
in the first 2 years of follow-up.

Follow-up was calculated from the date of a patient’s
baseline exercise test and examination until the date of
death or June 30, 2007. Statistical tests were 2-sided, and
values of P<.05 were considered statistically significant.
All statistical analyses were performed using NCSS 2007
software (NCSS, Kaysville, UT).

RESULTS

During a mean = SD follow-up of 7.7+5.3 years (range,
0.08-22.92 years), 2801 deaths were recorded. Baseline
characteristics grouped according to BMI category are pre-
sented in Table 1. The study population consisted of 6982

(56.2%) white and 5435 (43.8%) African American men
who ranged in age from 40 to 70 years. There were 137 un-
derweight patients (1.1%), 2885 normal-weight (23.2%),
5187 overweight (41.8%), and 4208 obese (33.9%) (2893
obese 1 [23.3%], 947 obese II [7.6%], and 368 obese III
[3.0%]) patients. Median BMI was 28.0 (range, 13.2-65.6);
ranges for quartiles 1 through 4 were 13.2 to 25.1, 25.2
to 27.9, 28.0 to 31.3, and 31.4 to 65.6, respectively. Test-
ing of interaction models revealed a significant interaction
between BMI and fitness (P=.001), but not BMI and race
(P=.79).

Multivariate adjusted hazard ratio (HR) (95% confi-
dence interval [CI]) for hypertension, diabetes mellitus,
and current smoking was 1.1 (1.0-1.2), 1.3 (1.2-1.4), and
1.4 (1.3-1.5), respectively (data not shown).

Multivariate BMI-adjusted HR (95% CI) for low and
moderate fitness, compared with the high-fitness reference
group, was 3.6 (2.9-4.4) and 2.3 (1.9-2.8), respectively
(Table 2). Multivariate fitness-adjusted HR (95% CI) for
all-cause mortality associated with BMI categories of un-
derweight, normal weight, overweight, obese I, and obese
1T or 1T was 1.9 (1.5-2.3), 1.0 (reference), 0.7 (0.7-0.8), 0.7
(0.6-0.7), and 1.0 (0.8-1.1), respectively (Table 3). These
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TABLE 2. Multivariate Proportional Mortality Hazard Ratios (HRs)
by Fitness Category in Study Participants?®

TABLE 3. Multivariate Proportional Mortality Hazard Ratios
(HRs) by Body Mass Index (BMI) Category in Study Participants®

Fitness categ;ory No.of No. (%) HR
(METs) men  of deaths (95% CI)° P value
High (>10.0) 1875 153 (8) 1 (Reference)
Moderate (5.0-10.0) 8375 1750(21) 2.31(1.90-2.82) <.001
Low (<5.0) 2167 898 (41) 3.56(2.88-4.40) <.001

& CI = confidence interval; MET = metabolic equivalent.

® 1 MET = 3.5 mL/kg/min.

¢ Adjusted for age, ethnicity, examination year, test site, cardiovascular
disease (CVD) (history of myocardial infarction, angiographically doc-
umented coronary artery disease, coronary angioplasty, coronary bypass
surgery, chronic heart failure, stroke, and/or peripheral arterial disease),
hypertension, dyslipidemia, diabetes mellitus, current smoking, CVD
medications (B-blockers, calcium channel blockers, angiotensin-con-
verting enzyme inhibitors, diuretics, nitrates, vasodilators, and/or stat-
ins), and body mass index (entered as a continuous variable in kg/m?).

analyses were repeated for nonsmokers, and no substantial
differences were found when compared with the entire co-
hort. Body mass index mortality curves, extended further
in 5-unit increments from 35.0 to 50.0 or greater, with and
without adjustment for fitness, are presented in the Figure.

BMI
category  No.of No. (%) of Model 1, Model 2,
(kg/m?) men deaths HR (95% CI)® HR (95% CI)
<185 137 83 (61)  2.02(1.61-2.54) 1.86(1.48-2.33)
18.5-24.9 2885 854 (30) 1 (Reference) 1 (Reference)
25.0-29.9 5187  1114(22) 0.73 (0.67-0.80) 0.74 (0.68-0.81)
30.0-34.9 2893 526 (18)  0.70(0.62-0.78)  0.65 (0.59-0.72)
235.0 1315 224 (17)  1.04(0.89-1.22) 0.96(0.82-1.12)

# CI = confidence interval.

b Adjusted for age, ethnicity, examination year, test site, cardiovascular
disease (CVD), hypertension, dyslipidemia, diabetes mellitus, current
smoking, and CVD medications.

® Adjusted for covariates listed in model 1 plus fitness (entered as a con-
tinuous variable in metabolic equivalents (METs); 1 MET = 3.5 mL/
kg/min).

Results of the joint effects of fitness and BMI on all-
cause mortality are presented in Table 4. Compared with
findings for highly fit normal-weight men, adjusted HR
(95% CI) for all-cause mortality was lower for highly fit
overweight men (0.4 [0.3-0.61) and highly fit obese men

3.0 7

Relative risk
-
o1
1

1.0

0.5

0.0 -

{ T

<18.5 25.0-29.9 35.0-39.9 45.0-49.9
18.5-24.9 30.0-34.9 40.0-44.9 >50.0
BMI (kg/m?)
No. of men 137 2885 5187 947 261 73 34
Deaths
No. 83 854 1114 165 41 11 7
% 61 30 22 17 16 15 21

T T

FIGURE. Multivariate hazard ratios for ali-cause mortality by body mass index (BMl), adjusted
for age, ethnicity, examination year, test site, cardiovascular disease, diabetes, hypertension,
dyslipidemia, smoking status, and cardiovascular disease medications (solid line), and with
additional adjustment for fitness, entered as a continuous variable (dashed line). Error bars
are 95% confidence intervals. Number of men and number and percentage of deaths are given
below each BMI category. *Differs significantly from reference group (P<.001).
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TABLE 4. Multivariate Proportional Mortality Hazard Ratios (HRs)
by Body Mass Index (BMI) and Fitness in Study Participants®®

No. of No. (%) of

Fitness category men deaths HR (95% CI)°
BMI <18.5 (kg/m?)
Low fitness 48 37(77) 4.48 (3.06-6.57)
Moderate fitness 83 46 (55) 3.09 (2.17-4.38)
High fitness® 6 0(0)
BMI 18.5-24.9 (kg/m?)
Low fitness 543 259 (48) 2.03 (1.60-2.58)
Moderate fitness 1779 526 (30) 1.65 (1.34-2.04)
High fitness 563 69 (12) 1 [Reference]
BMI 25.0-29.9 (kg/m?)
Low fitness 800 330 (41) 1.79 (1.43-2.25)
Moderate fitness 3471 724 (21) 1.15 (0.93-1.42)
High fitness 916 60 (7) 0.43 (0.32-0.59)
BMI 230.0 (kg/m?)
Low fitness 776 272 (35) 1.61 (1.27-2.03)
Moderate fitness 3042 454 (15) 0.99 (0.80-1.23)
High fitness 390 24 (6) 0.52 (0.34-0.82)

2 CI = confidence interval.

® Fitness defined as peak metabolic equivalents (METSs) achieved on a
maximal exercise test: low (<5.0); moderate (5.0-10.0); high (>10.0). 1
MET = 3.5 mL/kg/min.

¢ Adjusted for age, ethnicity, examination year, test site, cardiovascular
disease (CVD), hypertension, dyslipidemia, diabetes mellitus, current
smoking, and CVD medications.

4 Too few participants for stratified analysis.

(0.5 [0.3-0.8]) and higher for the following groups: low-
fitness underweight (4.5 [3.1-6.6]), moderately fit under-
weight (3.1 [2.2-4.4]), low-fitness normal-weight (2.0 [1.6-
2.6]), moderately fit normal-weight (1.7 [1.3-2.0]), low-
fitness overweight (1.8 [1.4-2.3]), and low-fitness obese
(1.6 [1.3-2.0]). No significant differences were found for
the moderately fit overweight (P=.19) and moderately fit
obese (P=.96) groups compared with the reference group.
Removing current smokers and patients who died during
the first 2 years of follow-up from the analysis did not ap-
preciably alter the results.

DISCUSSION

In multivariate analyses, both fitness and BMI were in-
dependently and inversely associated with mortality risk.
To ascertain whether low BMI resulted from undetected
illness at baseline, we excluded all patients who died dur-
ing the first 2 years of follow-up and current smokers, but
this did not substantially change the primary findings. In
joint analyses, elevated BMI generally reduced mortality
risk within each fitness category, and higher levels of fit-
ness decreased mortality risk within each BMI category.
Highly fit overweight men (n=916) had the lowest mortal-
ity risk of any fitness-BMI combination and were 57% less
likely to die (HR, 0.43 [95% CI, 0.32-0.59]) as highly fit
normal-weight men. Fitness altered the obesity paradox in

OBESITY PARADOX AND FITNESS

that overweight and obese men with low fitness were less
likely to survive than normal-weight men with high fitness.
However, an obesity paradox persisted within fitness group
strata.

Our findings that BMI and fitness are inversely associ-
ated with all-cause mortality are consistent with earlier re-
sults from the VETS? and extend them to joint analyses
of fitness and BMI in a larger cohort of middle-aged men.
Explanations for better survival with higher BMI in the cur-
rent study include the following: (1) reverse causation in
clinically referred patients,® (2) increased coronary artery
size,* (3) the “veteran effect,”?” (4) healthy obesity,*® and
(5) the survival effect.?

Several previous studies have reported an obesity para-
dox in specific patient populations.*® First, in patient pop-
ulations similar to ours, Galal et al*® and Johnson et al¥’
found significantly lower mortality in overweight and obese
patients with known or suspected coronary artery disease
compared with patients with normal BMI; this finding was
consistent with our results.

Second, greater coronary artery size among patients with
higher BMI has been proposed as a possible mechanism for
the obesity paradox.* This may also be a factor in the fa-
vorable survival outcomes we observed among overweight
and obese men in the current study of clinically referred
patients, one third of whom had documented CVD.

Third, a related issue that might further explain our
counterintuitive findings is the veteran effect, which we
have previously noted.” Veterans differ from other popu-
lations in that they all must meet selection criteria at the
time of enlistment. These criteria include minimum height
requirements and maximum weight requirements, which
must be maintained for the duration of military service.
Specifically, maximum allowable weights for different
branches of the service correspond to BMI of 25.9 t0 29.9
for men.*® Hence, obesity, when present in our population,
must have developed after discharge from the service in
later life. Some investigators have suggested that adult-
onset obesity is less hazardous than obesity developing in
childhood or adolescence.® In addition, men qualifying
for military service may have greater than average muscle
mass. This might explain the inverse associations between
BMI and mortality found in other self-selected popula-
tions with physical attributes similar to veterans, such as
longshoremen.!!

Fourth, in the larger population of obese adults, some
experience good health. This is illustrated in some of the
findings from the Framingham Heart Study.! Participants
who had a normal BMI at 40 years of age but developed
obesity during 20 years of follow-up had no increased mor-
tality risk. Moreover, in healthy obese mice, preferential
storage of triglycerides in adipose tissue and reduced levels
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in the liver* may result in improved insulin sensitivity, pre-
venting diabetes and heart disease in such animals. A simi-
lar mechanism has been proposed for obese humans,* and
a metabolically benign form of obesity has been recently
identified.®

Fifth, our findings may be explained in part by the well-
known survival effect,3® which has particular relevance in
epidemiological studies of older adults. Although our study
patients were middle-aged, those in the upper range of this
age group were possibly less susceptible to the negative
effects of overweight.

Because objective measures of fitness (maximal exercise
testing on a treadmill) are often unavailable, data on the
joint effects of BMI and fitness on mortality are sparse. We
know of 9 published studies that have specifically assessed
the joint effects of fitness (as measured from standard ex-
ercise testing) and BMI on mortality.'®? Two studies'®'
examined this issue by using data from the Lipid Research
Clinics Study. All 7 of the remaining published studies
used data from the Aerobics Center Longitudinal Study.?-26
Collectively, these studies demonstrated that fitness was a
stronger predictor of mortality than BMI and that higher
fitness eliminated the mortality risk of elevated BMI (the
fat-but-fit hypothesis). Our results differ from these stud-
ies in that both high fitness and higher BMI independently
reduced mortality risk. The effect of higher BMI on fit-
ness in our cohort was that it generally reduced mortality
risk across fitness categories. When highly fit patients were
compared by BMI category, those who were overweight
and obese experienced dramatic reductions in mortality
risk (HR [95% CIJ, 0.43 [0.32-0.59] and 0.52 [0.34-0.82],
respectively). However, only 916 overweight and 390
obese men registered high fitness at baseline, which repre-
sents only 7% and 3% of our cohort, respectively. Further
study of individuals having this rare phenotype is needed to
confirm our findings.

Our study has several strengths. First, all participants
underwent an extensive physical examination, and detailed
information on medication use was obtained, providing
thorough information on the presence or absence of base-
line disease. Second, fitness level was determined objec-
tively by maximal exercise testing. Third, the study had a
large sample size of more than 12,000 men and an average
follow-up of nearly 8 years. Fourth, when smokers and pa-
tients who died during the first 2 years of follow-up were
excluded, the results were not meaningfully altered.

Our study also has limitations. First, because waist cir-
cumference measures were not obtained, we were unable
to evaluate body fat distribution characteristics. Second, we
included only men who had prior military service and were
referred for exercise testing for clinical reasons. Any effort
to predict mortality by using fitness, BMI, or clinical or de-

mographic data should be considered population-specific.
Although most men were free of CVD, all patients were
referred for exercise testing for clinical reasons. Third, fit-
ness is a single measure that is influenced by many factors,
including age, heredity, and recent and lifelong activity
patterns.®# The extent of fitness improvement in adults, or
the influence this may have on mortality, cannot be deter-
mined from the current investigation. Fourth, we had insuf-
ficient information about diet or physical activity patterns
to study these factors. Fifth, because we have only baseline
data on weight, exercise capacity, and other exposures, we
do not know if changes in any of these variables occurred
during follow-up and how this might have influenced the
results.

CONCLUSION

Both higher BMI and higher fitness were protective for all-
cause mortality in this cobort of white and African Ameri-
can middle-aged male veterans with known or suspected
CVD. Fitness altered the obesity paradox such that over-
weight and obese men had increased longevity only if they
registered high fitness. Future studies should focus on the
influence of fitness and BMI on mortality in diverse popu-
lations and whether changes in fitness level and/or body
weight affect health outcomes.
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ARDIOVASCULAR DISEASE
claims the life of 1 of every 2
women in the United States,!
with most sudden deaths in
women occurring in those with no pre-
vious symptoms.?? Identifying asymp-
tomatic women who are at increased
risk and who may benefit from aggres-
sive primary prevention has the poten-
tial to reduce cardiovascular morbid-
ity and mortality in women.* It is
controversial whether exercise testing
should be used to screen asymptom-
atic women for cardiovascular risk.>®
While several studies have found cer-
tain exercise test variables (eg, re-
duced exercise capacity and ischemic
ST-segment depression) to be associ-
ated with increased mortality in healthy
men,”"? it is not known if these have
similar prognostic value in women. It
is also unclear how other exercise test
variables compare with ST-segment de-
pression as predictors of mortality.
We investigated the role of exercise
treadmill testing in predicting cardio-
vascular and all-cause death in a
population-based cohort of asymp-
tomatic women. We aimed to identify

1600 JAMA, September 24, 2003—Vol 290, No. 12 (Reprinted)

Context The value of exercise testing in women has been questioned.

Objective To determine the prognostic value of exercise testing in a population-
based cohort of asymptomatic women followed up for 20 years.

Design and Setting Near-maximal Bruce-protocol treadmill test data from the Lipid
Research Clinics Prevalence Study (1972-1976) with follow-up through 1995.

Participants A total of 2994 asymptomatic North American women, aged 30 to 80
years, without known cardiovascular disease.

Main Outcome Measures Cardiovascular and all-cause mortality.

Results There were 427 (14%) deaths during 20 years of follow-up, of which 147
were due to cardiovascular causes. Low exercise capacity, low heart rate recovery (HRR),
and not achieving target heart rate were independently associated with increased all-
cause and cardiovascular mortality. There was no increased cardiovascular death risk for
exercise-induced ST-segment depression (age-adjusted hazard ratio, 1.02; 95% confi-
dence interval [Cl], 0.57-1.80; P =.96). The age-adjusted hazard ratio for cardiovascu-
lar death for every metabolic equivalent (MET) decrement in exercise capacity was 1.20
(95% Cl, 1.18-1.30; P<.001); for every 10 beats per minute decrement in HRR, the
hazard ratio was 1.36 (95% Cl, 1.19-1.55; P<.001). After adjusting for multiple other
risk factors, women who were below the median for both exercise capacity and HRR
had a 3.5-fold increased risk of cardiovascular death (95% Ci, 1.57-7.86; P=.002) com-
pared with those above the median for both variables. Among women with low risk
Framingham scores, those with below median levels of both exercise capacity and HRR
had significantly increased risk compared with women who had above median levels of
these 2 exercise variables, 44.5 and 3.5 cardiovascular deaths per 10000 person-years,
respectively (hazard ratio for cardiovascular death, 12.93;95% Cl, 5.62-29.73; P<.001).

Conclusion The prognostic value of exercise testing in asymptomatic women de-
rives not from electrocardiographic ischemia but from fitness-related variables.

JAMA. 2003;290:1600-1607 www.jama.com

whether exercise test variables related
to ischemia, fitness, and autonomic
function were independent predictors
of increased risk of all-cause or cardio-

vascular death and whether there were
sex-related differences in the prog-
nostic value of these exercise test
variables.
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METHODS
Study Population
The study participants were enrolled in
the Lipid Research Clinics Prevalence
Study, which has been previously de-
scribed.!® Briefly, a 2-stage screening
procedure was used. From 1972-
1976, individuals were screened at 10
centers in North America (visit 1).8 A
sample consisting of 15% of eligible par-
ticipants randomly selected from visit
1 and all the visit 1 participants with
elevated lipid levels were invited back
to visit 2 for baseline history, physical
examination, fasting blood samples, and
exercise tests. The women from the ran-
dom sample constituted 62% of the
study cohort, similar to the propor-
tion in the original cohort at visit 2. Par-
ticipants were followed up annually for
vital status ascertainment until death or
end of follow-up (December 31, 1995).
Until 1988, deaths were identified by
mail or telephone contact and con-
firmed using death certificates, inter-
views with next-of-kin or other wit-
nesses, and review of medical records.
Cause of death was classified by a com-
mittee of cardiologists masked to the
identity of the deceased. From 1988-
1995, deaths were identified from death
certificates by trained nosologists us-
ing the National Death Index (1988-
1991) and the Epidemiology Research
Index (1992-1995).1

Participants were ineligible for exer-
cise testing at baseline if they were preg-
nant, had significant cardiovascular dis-
ease, or were deemed ineligible for
exercise testing by the study physi-
cians. Of the 4006 women who came to
visit 2 and were followed up, 630 did not
have a baseline exercise test done. An-
other 382 were excluded from this analy-
sis because they were younger than 30
years or older than 80 years; had a his-
tory of angina, claudication, myocar-
dial infarction, stroke, heart surgery, left
ventricular hypertrophy, digoxin use; ex-
ercise duration less than 1 minute; a
modified Bruce exercise test; or were lost
to follow-up (3 women). Thus, this
study included 2994 asymptomatic
women who were followed up until their
death or end of follow-up (December 31,

©2003 American Medical Association. All rights reserved.

1995). Participants gave informed writ-
ten consent and the study had institu-
tional review board approval from the
University of Maryland and the Johns
Hopkins Medical Institutions.

Exercise Testing

Atvisit 2, participants underwent exer-
cise testing using a Bruce treadmill pro-
tocol (no cool-down period). The test
was terminated when a target heart rate
of 90% or more of maximal predicted
heart rate for age and physical activity
level was attained.® Target heart rates
were predetermined by the investiga-
tors based on age and baseline physical
activity with slightly lower target rates
(approximately 5/min lower) for physi-
cally active individuals. The test was
stopped prematurely if the participant
was unable or refused to continue; de-
veloped significant arrhythmias, hypo-
tension, electrocardiographic changes or
angina; or due to technical difficulties.
Exercise electrocardiograms were read
by 2 trained coders and reviewed by a
supervisor using a carefully defined vi-
sual coding system with an internal qual-
ity control system at a central coding
center. Discrepancies between the cod-
ers were adjudicated by the supervisor
in consultation with 1 of 2 cardiolo-
gists. The exercise electrocardiogram
was also computer analyzed, and any dif-
ferences between visual and computer
coding were adjudicated by the super-
visor and the cardiologists.

Definition of Exercise

Test Variables

ST-segment depression was defined as
atleast 1.0 mm horizontal or downslop-
ing depression at 0.08 seconds after the
J point in the lead with the greatest ab-
normality (X, Y, Z [orthogonal leads],
Vs, Vs, Vg) in the last stage of exercise
or recovery. To compare with previ-
ous studies, 7 exercise-induced ven-
tricular arrhythmia was defined as mul-
tifocal or at least 10% premature
ventricular contractions in the last stage
of exercise or recovery, or if the test was
terminated due to ventricular tachy-
cardia. Target heart rate was not at-
tained if the participants failed to reach

EXERCISE TESTING IN WOMEN

90% or more of their maximal pre-
dicted heart rate for age and baseline
physical activity. Peak exercise capac-
ity was estimated from treadmill time
and expressed in metabolic equiva-
lents (METs).'® Heart rate recovery
(HRR) was defined as peak heart rate
minus heart rate at 2 minutes postex-
ercise (subjects were seated in a chair
immediately after exercise).

Definition of Clinical Variables

The mean of 2 blood pressure measure-
ments taken at rest prior to exercise test-
ing was used to define hypertension
(mean systolic blood pressure =140
mm Hg, diastolic blood pressure =90
mm Hg, or the use of antihypertensive
medications).'® Participants were con-
sidered diabetic if their fasting glu-
cose level was atleast 126 mg/dL (=7.0
mmol/L) or they were taking antidia-
betic medications. Obesity was de-
fined as body mass index of at least 30.
Serum lipid values were measured af-
ter an overnight fast. High total cho-
lesterol level was at least 240 mg/dL
(=6.22 mmol/L), high low-density li-
poprotein (LDL) cholesterol level at
least 160 mg/dL (=4.14 mmol/L), low
high-density lipoprotein (HDL) cho-
lesterol level less than 40 mg/dIL (<1.04
mmol/L), and a high triglyceride level
of atleast 200 mg/dL (=2.26 mmol/L).
Subjects were classified as current
smokers if they reported smoking ciga-
rettes at baseline. Family history of pre-
mature coronary heart disease was de-
fined as a parent or sibling with disease
onset before 60 years of age. Postmeno-
pausal status was determined from self-
reports. Medication use was assessed
from questionnaires or examination of
medications. Physical activity was as-
sessed with the question: “Do you regu-
larly engage in strenuous exercise or
hard physical labor?” and participants
were considered to engage in regular ex-
ercise if they answered affirmatively.
The 1998 Framingham risk equa-
tion® was used for risk stratification
based on Adult Treatment Panel III
guidelines? that suggest an estimated
10-year total coronary heart disease
event rate of less than 15% as low risk,
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15% to 25% as intermediate risk, and
more than 25% as high risk.

Statistical Methods

Statistical analyses were performed using
STATA, 2001.# Survival analysis was
done with Kaplan-Meier curves and log-
rank tests across quintiles. Mortality rates
were calculated as the number of deaths
divided by person-years of follow-up.
Age-adjusted Cox proportional hazards
models thatincluded the variable and age
in years, and multivariable models that
adjusted for other covariates, were used
to estimate hazard ratios and 95% con-
fidence intervals (Cls) for the associa-
tion of variables with time to death. The
proportional hazard assumption was sat-
isfied using Schoenfeld residuals.

In the final multivariable models, the
variables that were included in addi-

tion to the exercise test variables were
age, smoking, diabetes, family history
of premature coronary heart disease,
obesity, high LDL cholesterol level, low
HDL cholesterol level, high triglycer-
idelevel, and hypertension. Cardiovas-
cular risk factors were assessed both as
continuous and categorical variables.
When cardiovascular risk factors were
included in the models as continuous
variables, no change was noted in the
coefficients compared with models that
had categorical variables. The addi-
tion of covariates for study site, regu-
lar exercise, and the use of lipid-
lowering medications also did not
change the values of the coefficients for
the exercise test variables, nor were
these additional covariates associated
with mortality. Therefore, the final mod-
els did not include these covariates.

Peak exercise capacity and HRR were
assessed as continuous variables, quin-
tiles, and categories (<=study median vs
>median). Heart rate recovery was also
examined using a cut-off value (abnor-
mal if <22/min) that has been associ-
ated with increased mortality in previ-
ous studies.”> We tested for interaction
with interaction terms and stratifica-
tion. Stepwise forward and backward
Cox regression analyses (at the .05 sig-
nificance level) were used to statisti-
cally select which exercise test vari-
ables were independent predictors of
risk. All reported P values were 2-sided.

RESULTS

During a mean (SD) follow-up of 20.3
(3.9) years of the 2994 women, there
were 427 (14%) deaths from any cause,
including 147 cardiovascular deaths

L e s ]
Table 1. Baseline Demographic, Clinical, and Exercise Test Characteristics According to Exercise Capacity and Heart Rate Recovery*

High METs/ Low METs/ High METs/ Low METs/
High HRR High HRR Low HRR Low HRR
Variable (n=822) (n = 644) (n=579) (n = 940)
Demographic and clinicalt
All-cause death, No. (%) 39 (5) 78 ( 52 (9) 257 (27)
Cardiovascular death, No. (%) 7(1) 19 (8 17 (3) 103 (11)
Age, mean (SD), y 42 (9) 47 ( 44 (10) 52 (12)
White, No. (%) 780 (95) 595 (93 553 (96) 899 (96)
Systolic blood pressure, mean (S8D), mm Hg 114 (15) 122 ( 120 (17) 129 (19)
Diastolic blood pressure, mean (SD), mm Hg 74 (10) 78 ( 77 (10) 80 (10)
Body mass index 24.0 (4.0) 25.5 (6.0 24.1 (4.1) 25.9 (5.1)
Total cholesterol =240 mg/dL (=6.22 mmol/L), No. (%) 200 (24) 211 (33) 189 (33) 402 (43)
LDL cholesterol =160 mg/dL (=4.14 mmol/L), No. (%) 204 (25) 208 (32) 193 (33) 397 (42)
HDL <40 mg/dL (<1.04 mmol/L), No. (%) 68 (8) 56 (9) 79 (14) 120 (13)
Triglycerides =200 mg/dL (22.26 mmol/L), No. (%) 58 (7) 79 ( 63 (11) 159 (17)
Diabetes, No. (%) 8 (1) 10 (. 17 (3) 49 (5)
Current smoking, No. (%) 280 (34) 172 (27) 240 (41) 322 (34)
Regular exercise, No. (%) 160 (19) 77 ( 71 (12) 79 (8)
Family history, No. (%) 178 (22) 107 (17) 111 (19) 160 (17)
Exercise testt
Peak exercise capacity, mean (SD), METs 9.3(1.2) 5.9 (1.4) 9.2(1.2) 5.4 (1.6)
Resting heart rate, mean (SD), beats/min 80 (11) 83 (13) 85 (12) 90 (14)
Maximal heart rate, mean (SD), beats/min 170 (8) 166 ( 166 (11) 156 (18)
HRR, mean (SD), beats/min 66 (8) 65 (8) 48 (7) 44 (9)
Target heart rate not attained, No. (%) 171 (21) 205 (32) 206 (36) 508 (54)
Ventricular arrhythmia, No. (%) 39 (5) 46 (7) 29 (5) 114 (12)
ST depression =1.0 mm, No. (%) 27 (3) 42 (7) 18 () 53 (6)

Abbreviations: HDL, high-density lipoprotein; HRR, heart rate recovery; LDL, low-density lipoprotein; METs, metabolic equivalents.

*High and low METs is exercise capacity above or below the study median (7.5 METs). Heart rate recovery is maximal heart rate minus rate at 2 minutes postexercise. High and low
HRR is heart rate recovery above or below the study median (55/min). Numbers may not add up due to rounding.

TRegular exercise is self-reported participation in regular strenuous activity or hard labor. Family history is premature coronary heart disease in a parent or sibling. Target heart rate
not attained is maximal rate less than 90% of maximal predicted rate for age and physical activity. Body mass index calculated as weight in kilograms divided by the square of

height in meters.

FVentricular arrhythmia is multifocal or at least 10% premature ventricular contractions in exercise or recovery, or reason for test termination. ST depression is at least 1 mm of
horizontal or downsloping depression in exercise or recovery. METs was available for all 2994 women, but HRR was not available for 8 women, 1 of whom died.
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(34% of all deaths). Women with high
levels of exercise capacity and HRR
(>the study median of 7.5 METs and
55/min, respectively) had fewer all-
cause and cardiovascular deaths dur-
ing follow-up (TABLE 1). They were also
younger, reported more regular exer-
cise, and had more favorable clinical
and exercise test profiles compared with
women who had lower exercise capac-
ity or HRR. There was a moderate dif-
ference in mean peak exercise capac-
ity and HRR for women who reported
regular exercise compared with those
who did not (8.2 and 7.2 METs, 60/
min and 55/min, respectively, P<<.001
for both). At baseline, only 98 women
(3%) were taking lipid-lowering medi-
cations, and only 7 (0.2%) were tak-
ing B-blockers. Peak exercise capacity
and HRR were only modestly corre-
lated (r=0.27).

Exercise Capacity, Heart Rate
Recovery, and Mortality
Kaplan-Meier mortality curves accord-
ing to quintiles of peak exercise capac-
ity and HRR (FIGURE) diverge early and
continue to diverge over the 20-year fol-
low-up. There was a graded increase in
mortality for decreasing quintiles of ex-

ercise capacity and HRR (P values from
log-rank tests .001 across quintiles for
both variables). Similar results were ob-
tained for survival free of cardiovascu-
lar death.

Age-Adjusted Predictors
of Mortality
After age adjustment, the effects of ex-
ercise capacity, HRR, not achieving tar-
get heart rate, and exercise-induced
ventricular arrhythmia on cardiovas-
cular and all-cause mortality were simi-
lar in magnitude to the effects of tra-
ditional cardiovascular risk factors
(TABLE 2). Neither total nor LDL cho-
lesterol level predicted cardiovascular
death after adjusting for age, similar to
previous results in women from this co-
hort.* The age-adjusted hazard ratio for
cardiovascular death for every MET
decrement in exercise capacity was 1.20
(95% CI, 1.18-1.30), and for every 10/
min-decrement in HRR, 1.36 (95% CI,
1.19-1.55). For both variables, there
was a strong and graded association be-
tween decreasing quintiles and age-
adjusted risk of cardiovascular and all-
cause death (P values for trend <.001).
In contrast, exercise-induced ST-
segment depression of at least 1 mm did

EXERCISE TESTING IN WOMEN

not predict cardiovascular death (age-
adjusted hazard ratio, 1.02; 95% CI,
0.57-1.80); neither did ST-segment de-
pression of at least 2 mm (age-
adjusted hazard ratio, 0.97; 95% CI,
0.14-6.93). In the subgroup of women
who were older than 35 years at base-
line (n=714), there were 104 of the 147
cardiovascular deaths during follow-
up, with no predictive value for ST-
segment depression (age-adjusted haz-
ard ratio, 1.03;95% CI, 0.55-1.93). To
compare with earlier published re-
sults on the men in the Lipid Research
Clinics study,'® we analyzed the data at
10-year follow-up and again found that
ST-segment depression was not asso-
ciated with increased risk.

Multivariable Predictors

of Mortality

We analyzed the prognostic value of ex-
ercise test variables, considered one at
a time, after adjusting simultaneously
for cardiovascular risk factors (age, cur-
rent smoking, diabetes, family history
of premature coronary heart disease,
obesity, high LDL cholesterol level, low
HDL cholesterol level, high triglycer-
ide level, and hypertension). When risk
factors were included in these models

s e e e e e
Figure. Kaplan-Meier Estimates of Overail Mortality According to Quintiles of Peak Exercise Capacity Achieved and Quintiles of Heart Rate

Recovery
Exercise Capacity Heart Rate Recovery
Quintile (METs) Quintile (beats/min)
e (1.3°5.4) 4(8.1-9.2) 1 (0-45) 4 (59-65)
—————— 2 (5.5-7.0) — 5(9.3-14.6) -----= 2 (46-52) — 5 (66-126)
0.4- ———3(7.1-8.0) 0.47 ——— 3(53-58)
0.3 0.3
z Z
£ o021 2 0.1
§ Log-Rank P<.001 e § Log-Rank P<.001 e I
0.1 T T e 0.1
e .
0' 0,
Q 15 20 25 ¢} 5 10 15 20 25
Follow-up Time, y Follow-up Time, y
No. at Risk No. at Risk
Quintile 1 600 574 541 491 428 Quintite 1 635 614 585 536 472
Quintile 2 715 700 685 645 597 Quintile 2 601 586 569 540 504
Quintile 3 563 557 547 529 490 Quintile 3 566 659 547 526 489
Quintile 4 528 524 514 499 484 Quintile 4 592 586 576 561 531
Quintile 5 588 584 575 569 548 Quintile 5 591 585 576 562 542

Both peak exercise capacity and heart rate recovery were strongly associated with subsequent mortality, with P values <.001 obtained from log-rank tests of signifi-
cance for both variables. MET indicates metabolic equivalent.
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as continuous variables, similar re-
sults were obtained. Independent ex-
ercise test predictors of cardiovascu-
lar death were exercise capacity, HRR,
not achieving target heart rate, and ven-
tricular arrhythmia (TABLE 3). ST-
segment depression was not associ-
ated with increased risk.

In a multivariable model for all-
cause mortality that included both peak
exercise capacity and HRR together in
the same model with all the cardiovas-
cular risk factors, there were trivial
changes in the hazard ratios for both
variables and each remained indepen-
dently predictive of mortality (P<<.001
for exercise capacity and P=.002 for
HRR). When the study population was
divided into 4 groups based on the me-
dian values for exercise capacity and
HRR (TABLE 4), women who were be-
low the median with respect to both ex-
ercise capacity and HRR had a 3.5-fold
increased risk of cardiovascular death
compared with women who were above
the median for both variables, after con-
trolling for cardiovascular risk factors.

Stepwise forward and backward Cox
regression analysis confirmed that ex-
ercise capacity and HRR were the only
2 exercise test variables that were sta-
tistically selected as independent pre-
dictors in the same model after account-
ing for cardiovascular risk factors. There
was no interaction between exercise ca-
pacity and HRR. There were no inter-
actions between HRR or peak exercise
capacity and any cardiovascular risk fac-
tor (including menopause status and
sex) for cardiovascular or all-cause
mortality.

In contrast, there was a highly statis-
tically significant interaction between sex
and ST-segment depression for all-
cause mortality (P<(.001), and a signifi-
cant interaction for cardiovascular mor-
tality (P=.02). Identical analyses on the
3769 asymptomatic men who were fol-
lowed up for 20 years in this cohort
showed that the increased risk of exer-
cise-induced ST-segment depression that
was found at 8-year follow-up!® per-
sisted at 20 years. Despite a similarly low
prevalence of ST-segment depression in

both men and women, ST-segment de-
pression of at least 1 mm in men was pre-
dictive of both cardiovascular and all-
cause mortality after multivariable
adjustment for cardiovascular risk fac-
tors (adjusted hazard ratios and 95% Cls
for cardiovascular death, 1.92 [1.31-
2.82]; and for all-cause death, 1.44
[1.09-1.90)).

Risk Stratification by

Exercise Testing and

Framingham Risk Scores

Using their baseline Framingham risk
scores,”® 95% of the women were at low
risk, with 4% at intermediate and 1%
at high risk. Women with low risk
Framingham scores (n=2817) were fur-
ther subdivided into 3 categories based
on their exercise capacity and HRR lev-
els: greater than the median in the 2 ex-
ercise test variables (group 1, n=811);
greater than the median in 1 of the 2
variables (group 2, n=1168); and
greater than the median in the 2 vari-
ables (group 3, n=838). Cardiovascu-
lar mortality rates in these 3 groups, re-

e e e
Table 2. Age-Adjusted Risk of Cardiovascular and All-Cause Death by Clinical and Exercise Test Variables®

Cardiovascular Death

All-Cause Death

[
No. of

Hazard Ratio P No. of Hazard Ratio P
Variable No. Deaths (95% ClI) Value Deaths (95% CI) Value
Clinical
Diabetes 84 17 3.45 (2.07-5.73) <.001 36 2.55 (1.81-3.59) <.001
Current smoking 1018 58 2.37 (1.68-3.36) <.001 155 1.80 (1.47-2.21) <.001
Total cholesterol =240 mg/dL (=6.22 mmol/L) 1004 77 1.24 (0.89-1.72) .20 212 8(0.97-1.43) .09
LDL cholesterof =160 mg/dL (=4.14 mmol/L) 1004 76 1.26 (0.91-1.74) .20 212 1.26 (1.04-1.53) .02
Triglycerides =200 mg/dL (=2.26 mmol/L) 361 40 2.37 (1.64-3.40)  <.001 81 1.49 (1.17-1.90) .001
HDL cholesterol <40 mg/dL (<1.04 mmol/L) 323 23 1.91 (1.22-2.98) .004 50 1.34 (1.00-1.80) .05
Hypertension 714 78 1.82 (1.29-2.56) .001 201 1.57 (1.29-1.93) <.001
Body mass index =30t 390 29 1.79 (1.19-2.69) .005 80 1.63 (1.28-2.08) <.001
Exercise test

Exercise capacity

Categorical (=median) 1589 123 2.04 (1.29-3.25) .003 336 1.73 (1.35-2.22) <.001

Continuous (per MET decrement) 1.20(1.18-1.30) <.001 1.14(1.09-1.19) <.001
HRR

Categorical (<22/min) 21 4 3.02(1.11-8.18) .03 9 2.44 (1.26-4.73) .008

Categorical (=median) 1519 120 2.85 (1.85-4.39) <.001 309 1.77 (1.42-2.20) <.001

Continuous (per 10/min-decrement) c ca. 1.36 (1.19-1.55) <.001 . 1.25 (1.15-1.35) <.001
Target heart rate not attained 1091 98 1.72 (1.19-2.48) .004 253 1.39 (1.13-1.71) .002
Ventricular arrhythmia 229 28 1.53 (1.00-2.33) .05 60 1.18 (0.89-1.55) .30
ST depression =1.0 mm 141 13 1.02 (0.57-1.80) .96 25 0.70 (0.47-1.05) .09

Abbreviations: Cl, confidence interval; HDL, high-density lipoprotein; HRR, heart rate recovery; LDL, low-density lipoprotein; MET, metabolic equivalent.

*Hazard ratios and 95% Cls are from Cox proportional hazards models that included the variable and age (years), comparing women with the variable to those without it. For
exercise capacity and HRR, age-adjusted hazard ratios are additionally shown for every MET decrement in exercise capacity and for every 10/min-decrement in HRR.

FCalculated as weight in kilograms divided by the square of height in meters.
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