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Prospective data relating cardiorespiratory fithess (CRF) with nonfatal cardiovascular disease (CVD) events are
limited to studies in men or studies of combined fatal and nonfatal CVD endpoints. The authors examined the
association between CRF and nonfatal CVD events in 20,728 men and 5,909 women without CVD at baseline. All
participants performed a maximal treadmill exercise test and completed a follow-up health survey in the Aerobics
Center Longitudinal Study (Dallas, Texas) between 1971 and 2004. There were 1,512 events in men and 159
events in women during an average follow-up of 10 years. Across incremental CRF groups, age- and examination
year-adjusted event rates per 10,000 person-years were 107.9, 75.2, and 50.3 in men (Pyeng < 0.001) and 41.9,
27.7, and 20.8 in women (pyena = 0.002). After further adjustment for smoking, alcohol intake, family history of
CVD, and abnormal exercise electrocardiogram responses, hazard ratios were 1.00 (referent), 0.82 (95% confi-
dence interval (Cl): 0.72, 0.94), and 0.61 (95% CI: 0.53, 0.71) in men, pyeng < 0.001, and were 1.00 (referent), 0.74
(95% CI: 0.49, 1.13), and 0.63 (95% CI: 0.40, 0.98) in women, pyeng = 0.05. After adjustment for other CVD

predictors, the association remained significant in men but not in women.

cardiovascular diseases; cerebrovascular accident; exercise; primary prevention; women

Abbreviations: ACLS, Aerobics Center Longitudinal Study; Cl, confidence interval; CRF, cardiorespiratory fitness; CVD,

cardiovascular disease; SD, standard deviation.

Cardiovascular disease (CVD) continues to exact a large
economic and public health toll in the United States, ac-
counting for nearly 1 million deaths and 6 million hospital-
izations in 2003 (1). Physical inactivity is a major modifiable
CVD risk factor (2) that is associated with increased risk of
fatal and nonfatal CVD events in women and men (3-10).
Cardiorespiratory fitness (CRF) is an objective, reproduc-
ible, physiologic measure that reflects the functional influ-
ences of physical activity habits, genetics, and disease status.
Because CRF is less prone to misclassification, it may better
reflect the adverse health consequences of a sedentary life-
style than do self-reported physical activity exposures (11).

CRF is inversely associated with CVD mortality in adults
(12-16). Few prospective studies have reported on CRF and
nonfatal CVD risk, and those that have are limited to stud-
ies in men or to combined nonfatal/fatal endpoints (15, 17—
21). Although it may be intuitive to expect that CRF would
confer protection against nonfatal CVD events in women
and men as is seen for fatal CVD, this conclusion can not
accurately be drawn from studies of combined nonfatal/
fatal events or studies only in men. We examined the pro-
spective association between CRF and nonfatal CVD in
women and men in the Aerobics Center Longitudinal Study
(ACLS).
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MATERIALS AND METHODS
Study population

Participants were 20,728 men and 5,909 women aged
18—83 years who completed a baseline examination at the
Cooper Clinic (Dallas, Texas) during 1971-2001. At base-
line, all participants were free of known CVD, had normal
resting electrocardiograms, and were able to complete an
exercise stress test to at least 85 percent of their age-
predicted maximal heart rate. All participants responded
to at least one mail-back health survey during follow-up.
Most participants were Caucasian and from middle and
upper socioeconomic strata. Participants provided written
consent to participate in the follow-up study.

Baseline examination

The physician’s examination and clinical measurements
were completed after an overnight fast of at least 12 hours
(12, 13). Body mass index (weight (kg)/height (m)z) was
computed from measured height and weight. After a brief
period of quiet sitting, blood pressure was recorded as the
first and fifth Korotkof sounds by use of auscultation meth-
ods (22). Serum samples were analyzed for lipids and glu-
cose with standardized automated bioassays. The presence
of hypertension, diabetes, and dyslipidemia was based on
a history of physician diagnosis or measured phenotypes
that met clinical thresholds for each condition. Information
on smoking habits (current smoker or not), alcohol intake
(drinks per week), and physical activity habits (sedentary or
active) was obtained from a questionnaire. Sedentary was
defined as reporting no leisure-time physical activity in the 3
months before the examination.

CRF was quantified as the duration of a symptom-limited
maximal treadmill exercise test using a modified Balke pro-
tocol (12, 23). Exercise duration on this protocol is highly
correlated with measured maximal oxygen uptake (r >
0.90) (24, 25). The test endpoint was volitional exhaustion
or termination by the supervising physician. The mean per-
centage of age-predicted maximal heart rate achieved dur-
ing exercise was 100.3 (standard deviation (SD): 7.0) in
women and was 101.2 (SD: 7.0) in men. Maximal metabolic
equivalents (METs) (1 MET = 3.5 ml of oxygen uptake per
kilogram/minute) were estimated from the final treadmill
speed and grade (26). In previous ACLS reports that have
shown low CRF to be an independent predictor of mortality
and nonfatal disease (12, 13, 27), we have defined low,
moderate, and high CRF exposures according to the lowest
20 percent, the middle 40 percent, and the upper 40 percent,
respectively, of the age- and sex-specific distribution of tread-
mill duration in the overall ACLS population (table 1). To
maintain consistency in our study methods and because a
widely accepted clinical categorization of CRF does not
exist, we used the above approach. CRF by this definition
was positively associated with reported physical activity
status. The percentages of participants classified as being
physically active in the low, moderate, and high CRF groups
were 28.8, 54.9, and 86.8 in men and were 33.5, 59.5, and
86.7 in women (pyeng < 0.001, each). Abnormal exercise

electrocardiogram responses were broadly defined as
rhythm and conduction disturbances and ischemic ST-T
wave abnormalities as described in detail elsewhere (28).
We have found 90 percent agreement between the electro-
cardiogram interpretation recorded in our database and that
of a group of three physicians who read a random sample of
357 records of patients (28).

Assessment of outcomes

CVD events were ascertained from responses to mail-
back health surveys in 1982, 1999, and 2004. The aggregate
survey response rate across all survey periods in the ACLS
is approximately 65 percent. Nonresponse bias is a concern
in epidemiologic surveillance, and this issue has been in-
vestigated in the ACLS (29). Baseline health histories and
clinical measures were similar between responders and non-
responders and between early and late responders (29). Total
mortality rates also have been similar between responders
and nonresponders (unpublished data). CVD endpoints were
defined as diagnosis by a physician of myocardial infarction,
stroke, or a coronary revascularization procedure (coronary
artery bypass graft or percutaneous coronary intervention).
In participants reporting multiple events, the first event was
used for analysis. The primary outcome was all CVD events.
Secondary outcomes were coronary heart disease events
(myocardial infarction, coronary revascularization) and
myocardial infarction and stroke as separate endpoints. In
a random sample of these endpoints (n = 50 each), we
applied a standard definition for defining and adjudicating
myocardial infarction, revascularization, and stroke (30,
31). The percentage of agreement between reported events
and participants’ medical records was 88 percent, 100 per-
cent, and 89 percent for myocardial infarction, revasculari-
zation, and stroke, respectively.

Statistical analysis

Follow-up time among noncases was computed as the
difference between the date of the baseline examination
and the date of the last returned survey where the partici-
pant reported being free of CVD. Follow-up time among
cases was computed as the difference between the baseline
examination date and the reported date of the CVD event.
If a diagnosis date was not provided, we used the midpoint
between the date of the case-finding survey and either the
baseline examination date or the date of the last returned
survey where the participant reported being free of CVD.
The mean follow-up interval in years was 10.4 (SD: 8.1)
for men and 10.2 (SD: 7.8) for women. Cox proportional
hazards regression analysis was used to estimate hazard
ratios and 95 percent confidence intervals of CVD events
according to exposure categories. Multivariable analyses
included six covariables: age (years), examination year,
current smoker (yes/no), alcohol intake (>5 drinks/week
or not), abnormal exercise electrocardiogram responses
(present or not), and family history of CVD (present or
not). We conducted additional analyses that further ad-
justed for baseline differences in the following four factors
that may be intermediate in the causal pathway between
CRF and CVD: body mass index (<25 vs. >25 kg/mz),
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Cardiorespiratory Fitness and Cardiovascular Events 1415

TABLE 1.

Age- and sex-specific maximal treadmill exercise duration and estimated

metabolic equivalent levels of cardiorespiratory fitness, Aerobics Center Longitudinal

Study, Dallas, Texas, 1971-2004*

Age and Men Women
quintile Duration (minutes) METst Duration (minutes) METs
20-39 years
1 <15.0 <104 <10.3 <8.2
2 15.0-<18.0 10.4—-<11.7 10.3—<13.0 8.2—-<94
3 18.0-<20.3 11.7-<13.1 13.0-<15.0 9.4-<10.4
4 20.3-<23.6 13.1-<14.4 15.0-<18.0 10.4-<11.7
5 >23.6 >14.4 >18.0 >11.7
40-49 years
1 <13.5 <9.9 <8.9 <7.6
2 13.5-<16.1 9.9-<10.8 8.9-<11.0 7.6-<8.5
3 16.1-<19.0 10.8-<12.2 11.0-<13.0 8.5-<9.4
4 19.0-<22.0 12.2-<13.5 13.0-<16.0 9.4-<10.8
5 >22.0 >13.5 >16.0 >10.8
50-59 years
1 <11.0 <8.5 <7.0 <6.7
2 11.0-<13.3 8.5-<9.9 7.0-<9.0 6.7-<7.6
3 13.3—<16.0 9.9-<10.8 9.0-<10.7 7.6—<8.5
4 16.0-<19.2 10.8-<12.3 10.7-<13.2 8.5-<9.6
5 >19.2 >12.3 >13.2 >9.6
>60 years
1 <7.8 <72 <5.5 <5.8
2 7.8-<10.5 7.2-<85 5.5-<7.0 5.8-<6.7
3 10.5-<13.1 8.5-<9.5 7.0-<9.0 6.7-<7.6
4 13.1-<16.4 9.5-<10.8 9.0-<11.3 7.6-<8.6
5 >16.4 >10.8 >11.3 >8.6

* Treadmill exercise testing was performed by use of a modified Balke-Ware protocol as
described in Materials and Methods. Low fitness: quintile 1; moderate fitness: quintiles 2 and 3;
high fitness: quintiles 4 and 5. Among participants in the current analysis, the distribution of low,
moderate, and high fithess by the above definition was 19%, 40%, and 41% in men and 15%,

35%, and 50% in women.

1t METs, metabolic equivalents; 1 MET = 3.5 ml of oxygen uptake per kilogram/minute.

hypertension, diabetes, and dyslipidemia (present or not for
each), although authors debate whether or not an exposure-
outcome relation should be adjusted for biologic intermedi-
ates (32). To reduce the influence of ascertainment bias due
to variable survey response patterns, we stratified analyses
on survey year by use of the STRATA statement in Proc
PHREG (SAS, version 9.1, statistical software; SAS Insti-
tute, Inc., Cary, North Carolina). Tests of linear trends
across exposure categories were computed with ordinal
scoring. The proportional hazards assumption was exam-
ined by comparing the cumulative hazard plots grouped on
exposure; no appreciable violations were noted. The poten-
tial influence of undetected subclinical disease at baseline
was evaluated by excluding events that occurred during the
first year of follow-up; little change was noted. All p values
are two sided, and p < 0.05 was regarded as statistically
significant.

Am J Epidemiol 2007;165:1413-1423

RESULTS

There were 1,512 CVD events (489 myocardial infarc-
tions, 290 strokes, 733 revascularizations) during 215,984
man-years of exposure and 159 CVD events (53 myocardial
infarctions, 62 strokes, 44 revascularizations) during 60,158
woman-years of exposure. Compared with noncases, indi-
viduals who developed CVD were older, had lower CRF,
and had higher prevalence of sedentary habits and other
major CVD risk factors (table 2).

An inverse gradient (pyeng < 0.001) of total CVD event
rates was observed across CRF groups in men (table 3).
After adjustment for covariables, men with moderate and
high CRF had an 18 percent and 39 percent lower CVD risk
than did men with low CRF (pyeng < 0.001). The inverse
association remained significant after additional adjust-
ment for body mass index, hypertension, diabetes, and
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TABLE 2. Baseline characteristics of study participants by sex and cardiovascular
disease event status, Aerobics Center Longitudinal Study, Dallas, Texas, 1971-2004

Women
Noncases Cases Noncases Cases
Characterist (n=19,216) (n=1,512) (n = 5,750) (n = 159)
aracteristic (mean (SD*) (mean (SD) (mean (SD) (mean (SD)
or %) or %) or %) or %)
Age (years) 43.9 (9.6) 50.3 (8.7) 44.4 (10.2) 52.3 (10.0)
Body mass index
(kg/m?) 26.1 (3.6) 26.4 (3.3) 23.0 (3.8) 23.6 (3.5)
Treadmill time
(minutes) 17.6 (5.0) 15.4 (4.8) 13.1 (4.6) 10.5 (4.1)
Maximal METs* 11.5 (2.5) 10.5 (2.3) 9.4 (2.1) 8.2 (1.9)
Lipids (mmol/liter)
Total cholesterol 5.4 (1.0) 5.9 (1.0) 5.2 (1.0) 5.7 (1.0)
HDL* cholesterol 1.2 (0.3) 1.1 (0.3) 1.6 (0.4) 1.6 (0.4)
Triglycerides 1.5(1.2) 1.8 (1.3) 1.1 (0.8) 1.3 (0.8)
Fasting blood glucose
(mmol/liter) 5.6 (0.9) 5.8 (1.4) 5.2 (0.7) 55 (1.2)
Blood pressure
(mmHg)
Systolic 121.7 (13.7) 126.5(14.9) 113.4 (145) 121.7 (15.6)
Diastolic 81.0 (9.7) 83.4 (9.7) 75.7 (9.5) 80.2 (9.5)
Sedentary (%) 36.7 421 30.9 34.1
Current smoker (%) 18.3 194 9.2 145
Alcohol intake (>5
drinks/week)t (%) 40.6 39.3 18.9 24.5
Abnormal exercise
ECG* (%) 4.4 14.6 4.9 13.2
Hypertensiont (%) 30.7 45.0 17.4 40.9
Diabetes mellitus§ (%) 4.9 9.2 3.0 4.4
Hypercholesterolemia¥ (%) 18.5 34.1 135 25.2
Hypertriglyceridemia# (%) 14.7 215 4.5 11.3
Low HDL cholesterol** (%)  54.5 68.1 25.9 40.3
Dyslipidemiatt (%) 82.7 91.9 52.6 70.4
Family history of CVD* (%) 15.8 18.5 18.5 17.0

* SD, standard deviation; METs, metabolic equivalents; HDL, high density lipoprotein; ECG,

electrocardiogram; CVD, cardiovascular disease.

T One unit of alcohol is defined as 12 ounces (3.41 dl) of beer, 5 ounces (1.421 dl) of wine, or

1.5 ounces (0.4262 dl) of hard liquor.

¥ Hypertension is defined as systolic blood pressure of 140 mmHg or higher, diastolic blood
pressure of 90 mmHg or higher, or previous diagnosis by a physician.

§ Diabetes mellitus is defined as a fasting plasma glucose concentration of 7.0 mmol/liter (126
mg/dl) or higher, previous diagnosis by a physician, or insulin use.

€ Hypercholesterolemia is defined as total cholesterol of 6.20 mmol/liter (240 mg/dl) or higher

or previous diagnosis by a physician.

# Hypertriglyceridemia is defined as triglycerides of 2.26 mmol/liter (200 mg/dl) or higher.
** Low HDL cholesterol is defined as less than 1.03 mmol/liter (40 mg/dl).
11 Dyslipidemia is defined as the presence of one or more of the above lipid abnormalities.

dyslipidemia (pyena < 0.001). Similar inverse patterns of
association were observed between CRF and each second-
ary outcome.

In women (table 4), total CVD event rates were inversely
associated with CRF (pyeng = 0.002). After adjustment for
covariables, women with moderate and high CRF had a 26
percent and a 37 percent lower risk of CVD events than did

women with low CRF (pyeng = 0.05). CRF remained in-
versely associated with CVD risk after additional adjust-
ment for intermediate risk factors, although the trend was
not significant (pyeng = 0.30). CRF was inversely associated
with coronary heart disease event rates (Pyeng = 0.004);
however, significance was attenuated by adjustment for
covariables (pyeng = 0.09) and intermediate risk factors

Am J Epidemiol 2007;165:1413—1423
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TABLE 3. Rates and hazard ratios for cardiovascular disease events by
cardiorespiratory fitness groups in men, Aerobics Center Longitudinal Study, Dallas,

Texas, 1971-2004*

Disease event by

95% 95%

cardiorespiratory No. of Ratet Haz_ard confidence Ha;ard confidence
fitness group events ratio} interval} ratio§ interval§
Total cardiovascular
disease
Low 345 107.9 1.00 Referent 1.00 Referent
Moderate 664 75.2 0.82 0.72, 0.94 0.89 0.78, 1.02
High 503 50.3 0.61 0.53, 0.71 0.75 0.64, 0.87
p for linear trend <0.001 <0.001 0.001
Coronary heart disease
Low 289 88.9 1.00 Referent 1.00 Referent
Moderate 533 60.5 0.81 0.70, 0.94 0.89 0.77,1.03
High 400 40.3 0.61 0.52, 0.71 0.76 0.64, 0.90
p for linear trend <0.001 <0.001 0.001
Myocardial infarction
Low 123 35.6 1.00 Referent 1.00 Referent
Moderate 212 241 0.80 0.64, 1.01 0.87 0.69, 1.09
High 154 16.2 0.60 0.46, 0.77 0.73 0.56, 0.96
p for linear trend <0.001 <0.001 0.02
Stroke
Low 56 19.0 1.00 Referent 1.00 Referent
Moderate 131 14.8 0.86 0.63, 1.18 0.90 0.65, 1.24
High 103 10.0 0.63 0.45, 0.89 0.71 0.49, 1.01
p for linear trend <0.001 0.005 0.04

* There were 66,887, 70,222, and 78,872 man-years of follow-up in the low, moderate, and

high fitness groups, respectively.

1 Rate per 10,000 person-years adjusted for age and examination year.
} Adjusted for the above plus current smoking (yes or no), alcohol intake (>5 drinks/week or
not), family history of cardiovascular disease (present or not), and abnormal exercise

electrocardiogram responses (present or not).

§ Adjusted for the above plus body mass index (<25 or >25 kg/m?), hypertension, diabetes, or

dyslipidemia (present or not for each).

(Pwena = 0.49). Lower myocardial infarction and stroke rates
also were observed in women with moderate and high CRF,
but these associations were not statistically significant.

We also examined whether CRF predicted CVD events
independent of reported physical activity status. Age- and
examination year-adjusted rates of total CVD events (per
10,000 person-years) were inversely associated with physi-
cal activity status in men (sedentary = 78.4 vs. active =
64.8; p < 0.001) but not in women (sedentary = 22.3 vs.
active = 28.5; p = 0.20). After adjustment for age, exami-
nation year, and physical activity status, hazard ratios in the
low, moderate, and high CRF groups were 1.00 (referent),
0.77 (95 percent confidence interval (CI): 0.68, 0.89), and
0.55 (95 percent CI: 0.47, 0.64), pyena < 0.001, in men
and were 1.00 (referent), 0.67 (95 percent CI: 0.44, 1.01),
and 0.57 (95 percent CI: 0.33, 0.81), pyena = 0.005, in
women. Results were similar for secondary outcomes.

We next examined whether other risk predictors modified
the association between CRF and total CVD events (tables 5

Am J Epidemiol 2007;165:1413-1423

and 6). In men, after adjustment for age and examination
year, each 1-minute increment of maximal exercise was, on
average, associated with a 3-9 percent (p < 0.05) lower
CVD risk in each risk factor group, adverse or not. The
consistency in the direction and magnitude of association
between CRF and CVD suggested that there was little effect
modification across risk factor categories. Further adjust-
ment for the other risk factors eliminated some but not all
of the associations. Results were similar for coronary heart
disease events and for myocardial infarction (data not
shown). In women, the pattern of association between
CRF and CVD risk was variable across risk factor groups,
and statistical power often was limited by a small number of
events.

To examine whether CRF had prognostic value beyond an
individual’s pretest probability of having a CVD event, we
computed CVD rates by CRF levels grouped on the number
of major CVD risk factors at baseline (figures 1 and 2). By
convention (33), individuals with zero risk factors would be
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TABLE 4. Rates and hazard ratios for cardiovascular disease events by
cardiorespiratory fitness groups in women, Aerobics Center Longitudinal Study, Dallas,

Texas, 1971-2004*

Disease event by No. of Hazard 95% Hazard 95%
ca_rdloresplratory events Ratet ratiot cpnfldence ratio§ cpnfldence
fitness group interval$ interval§
Total cardiovascular
disease
Low 35 41.9 1.00 Referent 1.00 Referent
Moderate 63 27.7 0.74 0.49, 1.13 0.83 0.54, 1.28
High 61 20.8 0.63 0.40, 0.98 0.78 0.49, 1.23
p for linear trend 0.002 0.05 0.30
Coronary heart disease
Low 22 26.6 1.00 Referent 1.00 Referent
Moderate 40 17.7 0.79 0.47,1.35 0.93 0.54, 1.60
High 35 11.8 0.61 0.35, 1.09 0.82 0.45, 1.48
p for linear trend 0.004 0.09 0.49
Myocardial infarction
Low 12 13.7 1.00 Referent 1.00 Referent
Moderate 24 10.5 0.92 0.45, 1.88 1.08 0.53, 2.22
High 17 6.1 0.62 0.28, 1.36 0.81 0.36, 1.82
p for linear trend 0.03 0.19 0.55
Stroke
Low 13 15.3 1.00 Referent 1.00 Referent
Moderate 23 10.0 0.65 0.33, 1.31 0.68 0.34, 1.38
High 26 9.1 0.64 0.31, 1.30 0.69 0.33, 1.44
p for linear trend 0.18 0.28 0.40

* There were 19,808, 19,504, and 20,853 woman-years of follow-up in the low, moderate, and

high fitness groups, respectively.

1 Rate per 10,000 person-years adjusted for age and examination year.
$ Adjusted for the above plus current smoking (yes or no), alcohol intake (>5 drinks/week or
not), family history of cardiovascular disease (present or not), and abnormal exercise elec-

trocardiogram responses (present or not).

§ Adjusted for the above plus body mass index (<25 or >25 kg/m?), hypertension, diabetes, or

dyslipidemia (present or not for each).

classified as low risk (e.g., expected 10-year probability of
<10 percent), whereas those with one or more risk factors
would have an intermediate to high CVD risk (e.g., 10-year
probability of >10 percent). In men, we observed inverse
gradients of CVD rates across CRF categories within each
risk factor stratum (p < 0.01 each). Similar inverse patterns
of association were seen in women, but the rate differences
were not statistically significant.

DISCUSSION

Several prospective studies have shown that CRF is in-
versely associated with CVD mortality in asymptomatic
women and men (12-16). Only a few studies in men have
reported on CRF and risk of nonfatal CVD events (17, 18).
For evaluation of the true role of CRF in primary CVD
prevention, it is important to determine whether CRF is re-

lated to incident events that are survived and not merely to
mortality, as well as whether protection is conferred in both
women and men. The present study demonstrated that
higher CRF was associated with significantly lower rates
of nonfatal CVD events. The inverse pattern of association
was present in women and men and in those with a low or
a moderate/high pretest probability of CVD. Significant as-
sociations generally persisted after considering the potential
confounding or modifying effects of physical activity status
and other risk factors, although some associations were at-
tenuated in women because of low statistical power. Inverse
patterns of association also were seen between CRF and
nonfatal coronary heart disease events and when myocardial
infarction and stroke were considered separately. This in-
vestigation is one of the largest prospective studies and, to
our knowledge, the first in women to relate an objectively
measured CRF exposure with the incidence of several non-
fatal CVD endpoints in initially asymptomatic adults.

Am J Epidemiol 2007;165:1413—1423
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TABLE 5. Hazard ratios for total cardiovascular disease events per 1-minute increment in maximal
exercise duration according to cardiovascular disease risk factor categories in men, Aerobics Center

Longitudinal Study, Dallas, Texas, 1971-2004*

95%

95%

Risk factor Total no. g‘v%n(t); ':thig;d c_onfidence p value 'j:tzig;d c_onfidence p value
intervalt intervalt
Age (years)
<55 17,532 1,025 0.94 092,095 <0.001 095 0.94,0.97 <0.001
>55 3,196 487 0.96 094,098 <0.001 0.98 0.96, 1.00 0.11
Current smoker
No 16,922 1,218 095 094,096 <0.001 097 0.96,0.99 <0.001
Yes 3,806 294 0.93 090,096 <0.001 094 0.91,0.96 <0.001
Family history of CVD§
No 17,411 1,233 095 094,096 <0.001 097 0.96,0.99 <0.001
Yes 3,317 279 0.91 0.88,0.94 <0.001 0.93 0.90,0.95 <0.001
Exercise ECG§
responses
Normal 19,667 1,292 095 094,096 <0.001 096 0.95, 0.98 <0.001
Abnormal 1,061 220 0.96 0.93, 0.99 0.007 0.97 0.94, 1.01 0.12
Body mass index (kg/m?)
18.5-24.9 8,701 573 0.94 092,096 <0.001 096 0.94,0.98 <0.001
>25 12,027 939 0.95 094,097 <0.001 097 0.96,0.99 0.001
Hypertension
No 14,143 832 095 093,096 <0.001 096 0.95, 0.98 <0.001
Yes 6,585 680 095 094,097 <0.001 097 0.95 099 <0.001
Diabetes
No 19,653 1,373 095 093,096 <0.001 097 0.95, 098 <0.001
Yes 1,075 139 0.96 0.93, 1.00 0.048 098 0.93,1.02 0.27

Total cholesterol

<6.20 mmol/liter
(<240 mg/dl)

>6.20 mmol/liter

(>240 mg/dl) 4060 515 0.7

16,668 997  0.94

0.93,0.95 <0.001 096 0.94,0.97 <0.001

0.95, 0.99 0.003 0.98 0.96, 1.00 0.08

* The point and interval estimates are the risk of cardiovascular disease events that are associated, on average,

with each 1-minute increment in treadmill exercise duration.

1 Adjusted for age and examination year.

1 Adjusted for the above plus each of the other risk factors in the table.

§ CVD, cardiovascular disease; ECG, electrocardiogram.

Three of the study findings deserve further comment.
First, CRF predicted primary CVD events independent of
reported physical activity status. Because physical activity
assessment was crude in the present study, caution must be
taken when considering the implications of this finding.
Accurate questionnaire-based assessment of physical activ-
ity habits is difficult, particularly in women (11). This may
partly explain the lack of association between physical ac-
tivity and CVD in the present women. Our findings suggest
that assessment of CRF in asymptomatic women and men
may provide important prognostic information above that
obtained from self-reported physical activity habits. Clini-
cians should, therefore, consider the benefits and feasibility
of more routine exercise testing.

Am J Epidemiol 2007;165:1413-1423

In men, the inverse gradient of CVD risk across CRF
groups remained significant after adjustment for confound-
ing by age, smoking, family history of CVD, abnormal ex-
ercise electrocardiogram responses, and factors that may be
intermediate in the causal pathway between CRF and CVD
(body mass index, dyslipidemia, hypertension, and diabe-
tes). The present findings of a strong independent associa-
tion between CRF and nonfatal CVD in men are consistent
with previous ACLS findings on CRF and CVD mortality
(12, 13), with findings in Finnish men on CRF and nonfatal
CVD (17), and with findings from studies that have related
CRF (15, 20, 21, 34) or reported physical activity (5, 6, 8)
with combined fatal/nonfatal CVD in men. Similar patterns
of association generally were seen in women. Lack of

¥20Z Iudy 01 uo1senb Aq €G¥SZL/ELYL/ZL/GIL/e1o1ue/8le/wo dno olwepede//:sdiy wWolj papeojumoq



1420 Sui et al.

TABLE 6. Hazard ratios for total cardiovascular disease events per 1-minute increment of maximal
exercise duration according to cardiovascular disease risk factor categories in women, Aerobics Center

Longitudinal Study, Dallas, Texas, 1971-2004*

95%

95%

Risk factor Total no. yv(;n(t); T:tzigzrd c_onfidence p value 'j:tzig;d c_onfidence p value
intervalt intervalt
Age (years)
<55 4,864 93 094 0.89,099 0.03 0.96 0.91,1.02 0.23
>55 1,045 66 096 0.89,1.04 0.30 0.98 0.90,1.06 0.61
Current smoker
No 5,358 136 096 092,101 0.14 0.98 0.93,1.03 049
Yes 551 23 0.89 0.77,1.01 0.07 0.87 0.75,1.00 0.05
Family history of CVD§
No 4,820 132 095 0.91,1.00 0.05 0.97 0.92,1.02 0.23
Yes 1,089 27 0.93 0.83,1.04 0.22 0.97 0.85,1.10 0.61
Exercise ECG§
responses
Normal 5,604 138 095 0.90,0.99 0.03 0.96 0.91, 1.01 0.11
Abnormal 305 21 1.00 0.85,1.17 0.97 112 093,134 0.24
Body mass index
(kg/m?)
18.5-24.9 4,644 119 0.94 0.89,094 0.01 0.95 0.90, 1.01 0.07
>25 1,265 40 1.02 091,114 0.80 1.03 0.92,1.16 0.60
Hypertension
No 4,846 94 0.97 092,103 0.33 1.00 0.94,1.06 0.93
Yes 1,063 65 094 0.87,1.01 0.07 092 0.85,099 0.04
Diabetes
No 5,732 152 0.94 0.90,0.99 0.01 0.96 0.91, 1.01 0.08
Yes 177 7 1.09 082,144 057 115 0.73,1.79 0.55
Total cholesterol
<6.20 mmol/liter
(240 mg/dl) 5,091 119 0.93 0.89,0.98 0.009 0.95  0.90, 1.01 0.07
>6.20 mmol/liter
(240 mg/dl) 818 40 0.99 0.90,1.09 0.86 1.03 0.93,1.13 0.63

* The point and interval estimates are the risk of cardiovascular disease events that are associated, on average,

with each 1-minute increment in treadmill exercise duration.

1 Adjusted for age and examination year.

¥ Adjusted for the above plus each of the other risk factors in the table.

§ CVD, cardiovascular disease; ECG, electrocardiogram.

a significant association in the fully adjusted model that
included biologic intermediates may be due to the small
number of cases and is consistent with some (5, 8, 20) but
not all (7, 9, 10, 16, 34) studies on physical activity or CRF
and CVD risk in women. For example, CRF predicted CVD
mortality risk in women and men in the Lipid Research
Clinics study (16), whereas it was significantly associated
with combined fatal/nonfatal coronary heart disease events
in men but not women in the Framingham Heart Study (20).
Additional prospective data on CRF exposures and nonfatal
CVD events are needed in women to expand on the findings
reported here and elsewhere.

A second major finding was that the inverse association
between CRF and CVD generally was consistent in strata of

other CVD predictors. The prognostic value of CRF is par-
ticularly noteworthy in men who were older and who had
diabetes, exercise electrocardiogram abnormalities, or coex-
isting risk factors at baseline. A sharp rise in the risk of
a first CVD event occurs in adults aged 45-60 years (1).
We observed that men aged 55 years or older had a threefold
higher risk of CVD events than did their younger counter-
parts. Diabetes and multiple coexisting risk factors now are
seen as coronary risk equivalents in asymptomatic adults
(33). In our study, 10-year CVD risk was 50 percent greater
in men with diabetes and was threefold greater in men with
two or more risk factors than in men without either condi-
tion. Abnormal exercise electrocardiogram responses also
are predictive of CVD events (20, 21, 28) and were

Am J Epidemiol 2007;165:1413—1423
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FIGURE 1. Age- and examination year-adjusted rates of total
cardiovascular disease (CVD) events (per 10,000 person-years) by
levels of cardiorespiratory fitness and number of major CVD risk
factors (current smoking, hypertension, hypercholesterolemia, diabe-
tes, and family history of CVD) in 20,728 men, Aerobics Center
Longitudinal Study, Dallas, Texas, 1971-2004. White bars represent
low fitness; striped bars, moderate fitness; and black bars, high
fitness. The p values are for a test of linear trend across cardiorespi-
ratory fitness groups. The numbers of men (and cases) in the low,
moderate, and high fithess groups were 878 (n = 42), 2,886 (n= 143),
and 4,099 (n = 154) in those with zero risk factors; 1,548 (n = 120),
3,422 (n = 266), and 3,131 (n = 226) in those with one risk factor; and
1,541 (n = 183), 1,987 (n = 255), and 1,236 (n = 123) in those with
two or more risk factors.

100 1

80 4

60

p=032

p=017
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20 -

T

1
No. of risk factors

FIGURE 2. Age- and examination year-adjusted rates of total
cardiovascular disease (CVD) events (per 10,000 person-years) by
levels of cardiorespiratory fitness and number of major CVD risk
factors (current smoking, hypertension, hypercholesterolemia, diabe-
tes, and family history of CVD) in 5,909 women, Aerobics Center
Longitudinal Study, Dallas, Texas, 1971-2004. White bars represent
low fitness; striped bars, moderate fitness; and black bars, high
fitness. The p values are for a test of linear trend across cardiorespi-
ratory fitness groups. The numbers of women (and cases) in the low,
moderate, and high fithess groups were 355 (n = 8), 1,068 (n = 21),
and 1,690 (n = 25) in those with zero risk factors; 349 (n = 14), 725
(n = 22), and 963 (n = 24) in those with one risk factor; and 178
(n=13), 303 (n= 20), and 278 (n = 12) in those with two or more risk
factors.

associated with a twofold higher risk of CVD events among
men in our study. Even in these high-risk subgroups of men,
higher functional capacity was associated with significantly
lower CVD event rates. Stratified analyses were more vari-
able in women; however, greater functional capacity tended
to be associated with lower CVD risk across risk factor
strata. CVD rates also were lower across incremental CRF
groups in women with two or more risk factors. The statis-
tical significance of these cross-tabulations in women was
limited by the small number of events.

Collectively, the present results suggest that CRF is an
important prognostic factor for nonfatal CVD in asymptom-
atic men beyond information obtained from the exercise
electrocardiogram and traditional risk factors. Higher CRF
is protective against CVD events in those with a moderate/
high or a low pretest probability of CVD. Assessing func-
tional capacity in asymptomatic women likely is of similar
benefit to CVD risk assessment as in men (8); however,
additional data are needed to confirm the suggestive findings
reported here.

A third noteworthy issue is the variety of CVD endpoints
that were related to baseline CRF levels. A recent review of
published prospective data on physical activity, CRF, and
CVD outcomes indicated that the strongest inverse associ-
ations were for CVD mortality in men, and that additional
data are needed in women and on nonfatal endpoints such as
myocardial infarction and stroke (35). In the current study,
CRF was not only inversely related with total CVD events

Am J Epidemiol 2007;165:1413-1423

but also with myocardial infarction and with myocardial
infarction and coronary revascularization combined. Myo-
cardial infarction or sudden death is the first clinical mani-
festation in many adults, among whom risk factors often are
normal or only slightly elevated (33). The findings reported
herein and elsewhere (13, 16, 17, 20) suggest that low CRF
is a significant predictor of atherothrombotic CVD events in-
dependent of the presence or absence of traditional risk fac-
tors. Assessment of CRF in clinical settings could, therefore,
be an important tool to facilitate more effective primary
CVD prevention. Effective strategies are needed to better
integrate exercise testing into CVD risk assessment (36).

CRF also was inversely associated with stroke incidence
in men, which is consistent with findings on CRF and stroke
mortality in the ACLS (37) and in Finnish studies (19).
Others have reported inverse associations between physical
activity and stroke in women (4, 5). The inverse trend in
stroke events across CRF groups was not significant in the
present women, which may partly be due to the small num-
ber of stroke events. We were not able to differentiate be-
tween hemorrhagic and ischemic strokes, and stroke
subtype modifies the association between physical activity
and stroke risk (4, 38). Additional studies on activity, fitness,
and stroke are needed to expand on our suggestive findings
of an inverse association.

Strengths of the current study include the extensive base-
line examination to detect subclinical disease, the use of
measured risk factors and of maximal exercise testing to
quantify CREF, the large person-years of follow-up, and the

¥20Z Iudy 01 uo1senb Aq €G¥SZL/ELYL/ZL/GIL/e1o1ue/8le/wo dno olwepede//:sdiy wWolj papeojumoq



1422 Sui et al.

variety of CVD endpoints. We also accounted for variable
patterns of survey responses in our analyses, an approach
not typically used in cohort studies such as ours (4, 9, 38).
The inverse associations generally were graded and inde-
pendent of traditional risk factors, which strengthens causal
inferences. Biologic plausibility for these associations may,
for example, be through enhanced endothelial cell function
and coronary flow reserve, reduced myocardial oxygen de-
mand under a variety of circumstances, a higher myocardial
arrhythmia threshold, improved endogenous thrombolytic
activity, and lower levels of circulating atherothrombotic
cytokines that may promote coronary plaque stabilization
an.

The homogeneity of our population sample in sociode-
mographic factors enhances the internal validity of our find-
ings by reducing confounding by these factors. Although the
self-referred origin and homogeneity of our cohort also may
be seen as a weakness, we believe that our data are no less
meaningful than those from population samples of adults
referred to exercise testing for clinical reasons (39) or data
from other selected cohorts that have been influential in
preventive cardiology (6, 14, 20). Our findings should be
generalized carefully to other adult populations. We did not
have sufficient information on medication usage, meno-
pausal status, or dietary habits to include in our analysis.
It is possible that residual confounding by these factors may
exist, although it seems unlikely that it would account for all
of the observed association between CRF and CVD. Future
studies should include such information to expand on the
findings reported here. Women tend to manifest CVD events
10 years later than men. In the present study, the age distri-
bution in women was insufficient for grouped analysis
beyond 55 years of age. Genetics clearly contribute to max-
imal CRF (40, 41). Nonetheless, CRF can be enhanced in
most individuals through participation in moderate and vig-
orous physical activities, such as brisk walking, bicycling,
and jogging, for 30 minutes or more on most days of the
week (2).

We conclude that CRF is a significant determinant of non-
fatal primary CVD events in women and men. Assessment of
CRF provides important prognostic information indepen-
dent of exercise electrocardiogram responses and traditional
risk factors, and in those with high and low pretest probabil-
ities of CVD. Exercise testing to assess functional capacity
may enhance CVD risk stratification beyond conventional
office-based methods in asymptomatic adults. We believe
that clinicians should consider the benefits of assessing
CREF and that they should vigilantly counsel their sedentary
patients to become more physically active and to improve
their CRF as a cornerstone of primary CVD prevention.
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