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liter (250 mg per deciliter) for participants 30 to 39 years of age, and
3.38 mmol per liter (300 mg per deciliter ) for those 40 or older;
(4) those who reported at Visit 1 that they were currently taking
lipid-lowering drugs; (3) participants with borderline elevations in
cholesterol or triglyceride levels, or in both values (the definition
of “borderline elevation” and the sampling frequency was age-,
race-, and sex-specific for each clinic).** Altogether, 8200 men and
woren were screened at Visit 2, an average of 85 percent of those
invited.

In 1977, the Lipid Research Clinics Mortality Follow-up Study
of all participants who were examined at Visit 2 and who were 30 or
older was begun in order to assess the relation of certain base-line
characteristics to subsequent mortality, both overall and from 2
specific cause. This surveillance was carried out by mail and tele-
phone. To date, 99 percent of the participants have been contact-
ed successfully. No treatment of any kind has been provided, and
no additional examinations have been performed. Because of the
small namber of nonwhites and very elderly subjects, and because
of the low incidence of cardiovascular death among women, the
present study was restricted to white men 30 to 69 years of age at
base line.

identification of Deaths

Beginning in 1977 and 1978, participants were contacted annual-
ty. When a participant was found to have died, a death certificate
was obtained, and if cardiovascular disease was suspected, a wit-
ness {usually a physician) or the next of kin was interviewed. Two
members of a panel of five cardiologists, who were unaware of the
identity and hase-line characteristics of the man, reviewed each
case in which cardiovascular disease was suspected, and assigned a
specific cause of death corresponding to codes 390 through 458 in
the International Classification of Diseases, Adapted (ICDA), eighth edi-
tion, for death from cardiovascular disease and 410 through 414 for
death from coronary heart disease. Disagreements between the twa
primary reviewers were adjudicated by the full panel. The present
report is based on deaths identified during or before the 19831984
contact year, an average follow-up of 8.5 years.

Ascertainment of Risk Factors at Visit 2

Plasma lipid, lipoprotein, and glucose concentrations were meas-
ured after 12 or more hours of fasting. Information on smok-
ing history, alcohol consumption, medications, regular physical ac-
tivity (strenuous exercise or hard physical labot), and dietary intake

with 24-hour recall was obtained by questionnaire.'* The pres-’

ence of angina was evaluated by the Rose questionnaire.’* Height
and weight were measured with the participants wearing light
clothing but no shoes. Quetelet’s index was calculated by dividing
the weight in kilograms by the square of the height in meters. Rest-
ing blood pressures were measured after five minutes in a sitting
position; the mean value of two random-~zero measurements was
recorded.'*

The Exercise Test

A submaximal treadmill exercise test was administered at Visit 2
to all participants, according to 2 modified Bruce protocol'**® with
seven three-minute stages in which the speed and inclination were
increased in a stepwise fashion (stage 1: 2.7 km per hour [1.7 miles
per hour] and 10 percent inclination; stage 2: 4 km per hour
[2.5 miles per hour] and 12 percent inclination; stage 3: 5.5 km per
hour [3.4 miles per hour] and 14 percent inclination). The electro-
cardiogram was monitored continuously, and blood pressure was
measured at the end of each stage by the cuff technique. Heart
rate was monitored continuously and was also recorded at the end
of each stage, or carlier if a person stopped during a stage. The
test was stopped when a precalculated target heart rate of 90 per-
cent of the man’s predicted maximal heart rate was attained.'®
The test was terminated before the attainment of the target heart
rate if the participant was unable to continue because of chest
pain, fatigue, dyspnea, or leg pain (a symptom-limited test) or
because of abnormalities in the electrocardiogram (=1 mm hori-
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zontal ST-segment change, major arrhythmias, or conduction de-
fects), a decrease in systolic blood pressure, technical difficulties,
or noncooperation by the participant,

The exercise electrocardiographic response was classified as neg-
ative, weakly positive, or strongly positive according to the degree of
ST-segment displacement.”

Measurement of Fitness

The assessment of physical fitness, as measured on the treadmill,
was restricted to men who were eligible for and performed at least
one minute of the standard exercise-test protocol, were not using
drugs that could interfere with the heart-rate response, and had
their vital status ascertained at least once between 1977 and 1984.
Men with signs or symptoms of cardiovascular disease {on the basis
of history, physical examination, resting electrocardiography, or
use of blood-pressure medication), referred to as the group with
cardiovascular disease, and men without symptoms of cardiovascu-
lar disease, referred to as healthy, were analyzed separately. For
healthy participants, the fitness variables used in our analysis were
the heart rate measured at stage 2 of the exercise test, which was
valid only if the participant exercised for at least one full minute at
stage 2, and the amount of time on the treadmill. For healthy sub-
jects, time on the treadmill was used as a relative measure of maxi-
mal oxygen uptake. The duration of exercise on the treadmill was
the only measure used in the group with cardiovascular disease,
since many of these participants terminated the exercise test during
stage 1, In that group, time on the treadmill was used as a measure
of the severity of the disease.

Statistical Analysis

The association between time until death from coronary heart
disease or cardiovascular discase and the fitness variables, as well as
the covariables age, systolic blood pressure, high-density lipopro-
tein (HDL) level, low-density lipoprotein (LDL} level, glucose lev-
el, smoking, body weight or Quetelet’s index, resting heart rate, and
regular physical activity were investigated by means of proportion-
al-hazards models.'® The assumption in these models is that there s
a proportional relation between the change in the value of a variable
and the change in the associated hazard.

In the present study, separate analyses were performed for the
healthy men and the men with cardiovascular disease, since a man's
health influences his exercise performance and because a limited
amount of exercise-test data was collected for the group with cardio-
vascular disease.

The initial models that were investigated included one fitness
variable and all the potential covariables mentioned above as the
independent variables. In the final models only age, smoking, HDIL
level, LDL level, and resting systolic blood pressure were included
as covariables; the other variables were not significantly related to
mortality and did not change the coefficients for the fitness variable
used. The dependent variable was either time until death from coro-
nary heart disease or time until death from cardiovascular diseast.
In addition, since the probability of selection for the Visit 2 sampls:
depended to some extent on the clinic that a man attended, his age,
and his plasma lipid profile, other models were constructed to assvss
the consistency of the effect of the fitness variable across sampling
strata. The proportional-hazards assumption for each of these mad-
els was also checked with use of the partial residuals of the model.
The models were computed with use of the proportional-hazards
general linear model procedure in the SAS computer package.’

Resurrs

There were 4276 white men 30 to 69 vears of age
at base line in the Lipid Research Clinics Prevalence
Follow-up Study. The reasons for excluding some of
those men from the analysis reported here include
missing or incomplete exercise-test data (308 men) or
the use of medications such as beta-blockers that may
affect the heart rate (213 men). Men with symptoms
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or signs of possible cardiovascular disease and those
using blood-pressure medications (649 men) — the
group with cardiovascular disease — were analyzed
separately, since these conditions may affect heart-
rate response or the ability to comply with the ex-
ercise-test protocol. The remaining 3106 men were
referred to as the healthy group. There were 45
fatal cardiovascular events in the healthy group
and 46 in the group with cardiovascular disease. The
base-line characteristics of the two groups are shown
in Table 1.

The healthy group was divided into quartiles ac-
cording to heart rate at stage 2 during the exercise test.
The relation of this fitness variable to selected base-
line varjables is shown in Table 2. Age and Quetelet’s
index did not differ among the quartiles. The highest
fitness level (1) was associated with lower LDL choles-
terol and triglyceride concentrations and a higher ca-
loric intake per kilogram of body weight (143 k] per
. kilogram for level 1 vs. 124 k] per kilogram for level 4),
but there was no difference in the proportion of smok-
ers. Forty-nine percent in the most fit quartile accord-
ing to heart rate (1) reported regular physical activity,
whereas 19 percent did so in the least fit quartile (4).
This finding is consistent with the increase in the
mean stage 2 heart rate from 112 beats per minute
for level 1 to 156 beats per minute for level 4.
The highest fitness level was also associated with
a systolic blood pressure that was 9 mm Hg lower
than that of the men at the lowest fitness level, with a
diastolic blood pressure that was 7 mm Hg low-
er at rest, and with a systolic blood pressure that
was 24 mm Hg lower during stage 2 of the exercise
test. The resting heart rate was 10 beats per minute
lower in the most physically fit men than in the
least fit men.

The unadjusted cumulative mortality was much
higher in the quartile with the lowest level of fitness
than in the most fit quartile; the rate of death from
cardiovascular disease was 8.5 times higher and that
of death from coronary heart disease was 6.5 times
higher (Table 3). Adjustment for age did not change
that relation; therefore, only the unadjusted data are
presented.

The results from the proportional-hazards models
for the healthy group are shown in Tables 4 and 3.
The associations of both stage 2 heart rate and exer-
cise time on the treadmill with mortality from cardio-
vascular disease were significant; the relative risk of
death associated with an increase of 2 5D in stage
2 heart rates (35 beats per minute) was 2.7, and
that associated with a decrease of 2 SD (4.4 minutes)
in time on the exercise treadmill was 3.0. Similar
relative risks were found for mortality from coronary
heart disease (Tables 4 and 5). Exercise time on
the treadmill was also associated with mortality from
all causes (Table 5), and a similar relation was found
for stage 2 heart rate (data not shown). The age-
aljusted relative risks did not change meaningfully
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Table 1. Distribution of Risk Factors at Base Line.»

Hearthy Group CVD

VARIABLE N = 3106) (N = 649)
nean +8D
Age (yn) 43x9.3 50x9.7
Weight (kg) 83+12.1 84x12.8
LDL (mmoVliter} 3.77x1.02 3.93=1.06
HDL (mmol/liter) 1.14%0.31 1.13%0.34
Resting systolic BP {mm Hg) 1242149 {34+18.8
Stage 2 heart rate {beats/min) 133%17.4 132177
Time on treadmill (min) 100222 8.4x2.7
percent

Current smoking 383 38.7
Physical activity 3z2.2 25.6

*CVD denotes cardiovascular disease; LDL low-density lipoprotein,
HDL high-density lipoprotein, and BP blood pressure.

when the other covariables (smoking, LDL level,
HDL level, and systolic blood pressure} were added
to the models, indicating that the relation between
physical fitniess and death from cardiovascular discase
and coronary heart disease is independent of these
variables.

The relative risk of death from coronary heart
disease for men in the group with cardiovascular
disease, as compared with the healthy group, was
3.4, adjusting for the other cardiovascular risk fac-
tors; their relative risk of death from cardiovascu-
lar disease was 2.8. In addition, in the group with
cardiovascular disease, exercise time on the treadmill
was also associated significantly (P<0.0001) with
death from cardiovascular disease and coronary heart
disease, with relative risks of 4.8 and 5.6, respective-

Table 2. Mean Values for Risk Factors in 3106 Healthy Men,
According to Values for Stage 2 Heart Rate»

VARIABLE STAGE 2 HEART-RATE QUARTILET
i 2 3 4
mean £SO
Stage 2 heart rate (beats/min) 112x7.1  127x3.3  [39x3.7 156x8.7

43.328.9 43.4x9.2 43.2x96 43.5%9.1
26.4%3.1 26.7x3.5 269x35 26938

Age (yn)
Quetelet's index (kg/m™)

Resting heart rate (beats/min) 67%9 7IE10 73210 7712
Resting systolic BP (mm Hg) 120=14  122x04  [25%14  129x]5
Resting diastolic BP (mm Hg)  77=10 7910 81210 84410
Stage 2 systolic BP (mm Hg) 134220  164x22  [7{+23 178224
Time on treadmill (min) 12.0%1.8 106%16 9.6+14 B.0x1.5

L73:1.6 213224 209x1.7 231x2.4
372x10 3.74x1.0 3.78%1.0 3.85%1)
117203 113203 113203 [.14x04

Triglycerides (mmol/liter)
LDL (mmobtiter)
HDL (mmol/liter)

percent

Current smoking 36.8 40.8 40.1 353
Physical activity 49 36 25 19

*BP denotes blood pressure, LDL low-density lipoprotein, and HDL high-density lipo-
protein.

1 represents the quartile of the men witli lowest heart rates (most physically fit). and 4 the
quartile with the highest heart rates (least physically fit).
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Table 3. Rates of Death from Coronary Heart Disease (CHD)
and Cardiovascular Disease (CVD) in Healthy Men over 8.5
Years of Follow-up, According to Quartile of Stage 2

Hear Rate.
Rato of
CAUsE OF DEATH RaTeS
Deata STAGE 2 HEART-RATE QUARTILE® “:1)
1 2 3 4
Y% (95% confidence interval)
CHD 0.26 0.91 0.91 1.69 6.5,
{0.00-0.62) (0.24-1,58) (0.24-1.58) (0.77-2.61) (1.5-28.7)
CVD 0.26 1.30 1.36 2.21 8.3

(0.00-0.62) (0.49-2.11) (0.68-2.44) (1.16-3.25) (2.0-36.7)

*] represents the quartile of the men with the Jowest heary rates {most physically fit), and 4
the quartile with the highest heart rates (least physically fit).

ly, for times that were 2 SD (5.5 minutes) shorter
on the treadmill (Table 5).

Discussion

This study was designed to test the hypothesis that
physical fitness, as assessed by measurements easily
obtainable from a standard treadmill exercise test, is
related to subsequent death from cardiovascular dis-
ease and coronary heart disease in asymptomatic men.
Furthermore, we assessed this relation while control-
ling for other known risk factors.

As has been demonstrated in previous studies,
the highest fitness levels were associated with a better
risk-factor profile (i.e., lower levels of total cholesterol,
LDL cholesterol, and triglycerides and higher levels of
HDL cholesterol). Also, blood pressures at rest and
during exercise were lower in the most fit group. The
level of physical fitness is determined by genetic fac-
tors and the degree of physical activity. Some re-
searchers assert that genetic factors are more impor-
tant and that regular physical activity adds relatively
little to the level of fitness.'® In our group of healthy
men, however, the fitness level was closely related to
regular physical activity as reported by the partici-

8-10

Table 4. Relative Risks of Death from Cardiovascular Disease
(CVD) and Coronary Heart Disease (CHD) in Healthy Men over
) 8.5 Years of Follow-up.*

VARIABLE (£SD) CVD CHD

RR 95% €I P vaLug  Re 95% €1 P VALUE
Age {93 yn) 42  2.3-7.8 <0.0001 33 1.5-7.1 0.002
Current smoking 3.9 20-7.6 0.0001 43 1.2-97 0.0006
HDL (2031 mmolliter) 0.44 0.85-0:23 0.017 035 0.81-0.15 0.014
LDL (%1.02 mmoVliter) 2.2 1.3-3.7 0.0052 2.4 1.3-46 0.0}
Systolic BP 20 1.1-3.5 0.018 1.5 07-3.1 026

(£14.9 mm Hg)

Stage 2 HR 27 1.4-5.1 0,003 3.2 1.5-67 0.003

(£17.4 beats/min)

*RR denotes relative risk, Cl confidence interval, HDL high-density lipoprotein, LDL low-
density lipoprotein, BP blood pressure, and HR heart rate. The Cox regression model was used
to assess the effects of all variabies included in the model simultaneously. The relative rsks
showa are for men with 2 difference of +2 SD in the variables, except for smoking, in which
smokers were compared with nonsmokers. P values were caleulated from the standard error of
the coefficients in the model.
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pants (Fig. 1). This finding suggests that regular phys-
ical activity is more important than genetic factors in
determining the level of fitness and therefore might be
an important factor in reducing the risk of death from
coronary heart disease.

As shown in Figure 2, the mortality curves for fit as
compared with unfit men started to diverge early and
continued to diverge. This observation suggests that
the difference in mortality in the various fitness quar-
tiles was not entirely due to subclinical disease at base
line that resulted in an excess of early mortality. Rath-
er, the effect was seen consistently, over the entire
follow-up period.

Peters and coworkers'! found that physical fitness,
defined as the workload on a bicycle ergometer that
resulted in a heart rate of 150 beats per minute, was
highly predictive of nonfatal and fatal myocardial in-
farction during a 4.8-year follow-up in a cohort of law-

Table 5. Relative Risks of Death from Coronary
Heart Disease (CHD), Cardiovascular Disease
(CVD}, and All Causes in Healthy Men and Men with
Cardiovascular Disease over 8.5 Years of Follow-
up, According to Exercise Time on the Treadmill.»

Causg oF DEATH ReraTive Risk

AND Group {95% CONFIDENCE LIMITS) P VaLug
CHD

Healthy 2.8 (1.3-6.1) 0.007

VD 5.6 (2.5~12.6) <0.0001
VD

Healthy 3.6 (1.6-5.6) 0.0004

CYD 4.8 (2.5-9.2) <0.0001
All causes

Healthy 1.8 (1.2-2.6) 0.4

CvD 9 (1.7-4.9) 0.0001

*The Cox regression model was used, adjusting for age, smoking, HDL
level, LDL level, and systolic blood pressure. The relative risks shown are
for men with a decrease in time on the treadmill of 2 SD; 4.4 minutes in the
healthy group and 5.5 minutes in the group with cardiovascular disease.

enforcement officers and firefighters, The adjusted rel-
ative risk for those with below-median work capacity
was 2.2. Lie and coworkers'? measured maximal
working capacity on an electrical bicycle ergometer in
2014 asymptomatic men, 40 to 39 years of age, in
various occupations. They found significantly higher
mortality from coronary heart disease in the least fit
quartile (unadjusted relative risk, 5), as compared
with the most fit. However, they did not perform mul-
tivariate analyses to assess the possible influence ol
other confounding factors. Sobolski and coworkers'”
measured submaximal work on a bicycle in 2363
healthy male factory workers. They found a significant
relation between measured physical fitness and nonfa-
tal and fatal myocardial infarction over a five-year
follow-up period.

In our study, the crude mortality rate was much
higher in the least fit quartile as compared with the
most fit. Adjustment for age did not change the associ-
ation between fitness and mortality. Of greater inter-
est, however, are the results from the proportional-
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hazards models, which show that fitness levels as
assessed by heart rate at stage 2 and treadmill time are
associated significantly with death from cardiovascu-
lar disease and coronary heart disease when other ma-
jor coronary risk factors are controlled for.

The covariates tested in these models included age,
smoking status, systolic blood pressure, LDL level,
and HDL level. Adding the covariates to the age-ad-
justed model decreased the relative risk by only 10
percent. Thus, most of the protective effects of a high-
er level of physical fitness must act by other mecha-
nisms, at least in part, in addition to its well-known
effects on blood pressure and serum lipids. At this
time, other mechanisms of this effect can only be
postulated.

Studies in monkeys, dogs, and rats suggest less
extensive atherogenic changes in exercising animals
and an improvement in coronary collateral circula-
tion. Noakes et al.?* have found that physical training
produced an increased threshold for ventricular fibril-
lation in isolated rat hearts. This effect may enable the
exercising animal to have better survival as a result of
increased tolerance of arrhythmias or decreased pro-
pensity to the development of life-threatening ar-
rhythmias during an acute ischemic event.

It is well known that physical training lowers the
resting heart rate, blood pressure, and “double prod-
uct” (heart rate X systolic blood pressure) at a given
workload and that it increases maximal oxygen up-
take. The increase in maximal oxygen uptake in
healthy subjects is produced by both an increase in
peak cardiac output and an increased extraction of
oxygen from the blood. The increase in cardiac output
in trained normal persons occurs because of an in-
crease in stroke volume; at best, physical training has
a very small effect on maximal heart rate.>* How-
ever, the beneficial effect of physical training in per-
sons with coronary heart disease has been attributed
primarily to peripheral mechanisms®? — je., to
changes in skeletal muscles or to an increase in arterial
oxygen content.” Several studies in humans have
shown no important effect of physical training on car-
diac hemodynamic, metabolic, or angiographic meas-
urements,3%-32 However, other reports®3-35 have shown
direct cardiac effects of an intense physical train-
ing program in patients with coronary artery disease.
Ehsani et al.’* reported an increase in the double-
product threshold for ischemic ST-segment depres-
sion, a decrease in the extent of ST depression at a
given double product, and a reduced maximal ST de-
pression despite an increase in the maximal double
product. These data suggest that the myocardial oxy-
gen supply is enhanced as a result of intense physical
training. The differences between the results of Ehsani
et al. and other negative studies may be due to the
duration and intensity of the training program and
also to the patient population (Ehsani et al. studied
patients who were not limited by angina).

Another benefit of regular physical training that
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Figure 1. Percentage of Healthy Men Reporting Regular Physical
Activity, According to Stage 2 Exercise Heart Rate.

Decile 1 represents the lowest heart rate, and decile 10
the highest.

leads to a physically fit state is the positive effect on
blood coagulation.%37 The role of thrombosis in
cardiovascular mortality has not been fully described,
but there is agreement that platelets are involved
in the atherosclerotic process and that thrombosis of
the coronary arteries acts as a mechanism of myocar-
dial infarction and sudden cardiac death,®® Variable
changes in the activation of platelets have been ob-
served in patients with coronary heart disease during
exercise, and increased platelet aggregation has been
shown in normal subjects after strenuous exercise. Re-
cently, Rauramaa et al.3%4? have shown that physical
training lowers the aggregability of platelets in mid-
dle-aged men. These men were mildly hypertensive
and overweight, and the type of exercise used was

1.5 —~

5
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Serond Quartils

Porcent Cumniative Moslality
ol
o
1
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1 2 3 4 5 8 7 3 3
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Figure 2, Cumulative Rate of Death from Cardiovascular Disease
in Healthy Men, According fo Quartiles of Stage 2 Exercise
Heart Rate.

Life-table failure plots were computed from proportional-hazards
models that included age, smoking status, HDL level, LDL level,
resting systolic blood pressure, and stage 2 exercise heart rate,
with continuous variables set to mean values and smoking
status to zero {yes = 1, no = 0).
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brisk walking to slow jogging. Thus, regular physical
exercise appears to have an inhibitory effect on plate-
lets that lasts for several days, in contrast to the acute
thrombogenic effect of exercise alluded to above.
These effects of regular exercise on platelet aggrega-
bility could slow the development of atherosclerotic
plaques, coronary-artery thrombosis, or both.

We are indebted to Gerardo Heiss, M.D., Ph.D., and H. Alfred
Tyroler, M.D., for their helpful advice.
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ABSTRACT

EVENSON, K. R., J. STEVENS, 1. CAIL R. THOMAS, and O. THOMAS. The Effect of Cardiorespiratory Fitness and Obesity on
Cancer Mortality in Women and Men. Med. Sci. Sports Exerc., Vol. 35, No. 2, pp. 270277, 2003. Purpese: The purpose of this study
was to determine the independent and combined effects of cardiorespiratory fitness and obesity on all-cause cancer moriality for women
and men. Methods: Using the Lipids Research Clinics Prevalence Study, we examined the relationship of fitness and obesity oa cancer
mortality among 2585 women and 2890 men followed from 1972-1976 to 1998. Cardiorespiratory fitness was measured using a
treadmill test and obesity was assessed using body mass index (BMI) calculated from measured height and weight. Gender-specific
hazard ratios (HR) were calculated from proportional hazard models, which included covariates for age, education, smoking, alcohol
intake, Keys score, and menopause (women only). Results: Adjusted cancer mortality was significantly lower in the most fit quintile
relative to the other four quintiles for men (HR = 0.47; 95% CI, 0.27-0.81) but not for women (HR = 0.84; 95% CI, 0.52-1.36}.
Adjusted cancer mortality was significantly higher in the highest BMI quintile relative to the other four BMI quintiles for women (HR
= 1.49; 95% CI, 1.06-2.09) but not for men (HR = 1.05; 95% CI, 0.77-1.43). Forther adjustment for BMI on fitness and adjustment
for fitness on BMI did not meaningfully change the HR. There were no significant interactions between fitness and obesity in predicting
cancer mortality for either women or men. Conclusion: In this study, high fitness was a stronger predictor of cancer mortality in en,
whereas high BMI was a stronger predictor of cancer mortality in women. Key Words: OBESITY, NEOPLASMS, EPIDEMIOLOGY,
PHYSICAL FITNESS, LEISURE ACTIVITIES, SURVIVAL ANALYSIS

=, besity is rising at an alarming rate in the United
|| States (24), whereas the levels of physical activity
. temain stable and low (12). The pattern of these
health behaviors could manifest later as disease, such as
cancer. From 1992 to 1998, cancer incidence rates declined
in men but not women, whereas cancer death rates declined
in both women and men (18). National cancer rates continue
to be higher among blacks as compared with whites, with a
17% excess rate among women and a 40% excess rate
among men (13). According to Friedenreich (14), some of
the main biologic mechanisms by which physical activity
reduces cancer risk include modifications of endogenous
sex and metabolic hormone levels, and growth factors, de-
creased body fat, and possibly enhanced immune function.
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Only four published epidemiologic studies from two co-
horts have examined the effect of fitness on all-canse cancer
mortality (4,7,19,20). The association between obesity and
cancer is reported from the first and second Cancer Preven-
tion Studies (11,16,17,21). We are not aware of any cpide-
miologic study that has examined the interaction between
cardiorespiratory fitness and obesity on all-cause cancer
mortality. In a comprehensive review of physical inactivity
and mortality, a need for more evidence from prospective
observational cohorts on fitness or physical activity, obesity,
and mortality was recommended (6). There is especially a
need for studies that include women and older persons.
Therefore, the purpose of this study was to determine the
effect of fitness, obesity, and the interaction between fitness
and obesity on all-cause cancer mortality for women and
men. These associations were also explored for physical
activity and its interaction with obesity on cancer mortality.

METHODS

This research used data from the Lipids Research Clinics
(LRC) First Prevalence Studies and the Mortality Follow-up
Studies. Participants were from eight geographically diverse
centers in the United States: Cincinnati, OH: Houston. TX:
Iowa City, IA; La Jolla, CA; Minneapolis, MN; Oklahomd



City, OK; Palo Alto, CA; and Seattle, WA. Recruitment
used a standardized protocol in target populations defined
by occupational groups, households in geographic zones,
households with membership in a particular medical plan, or
sudents and parents within school districts (22). Partici-
pants were sampled from defined groups but were not nec-
essarily representative of the local populations. The proce-
dures followed for this study were in accordance with the
ethical standards of the Institutional Review Board and
participants provided written informed consent.

The methodology and study design of the LRC Preva-
jence and Mortality Follow-Up Study is reported elsewhere
(28,31). A two-stage procedure was used with selected
participants from a brief first visit, participating in a more
extensive second visit. Participants in the second visit con-
sisted of a 15% random sample of all visit 1 participants and
[00% of those with elevated plasma lipids. The response
rate for both strata of the sample was 85%. It was during the
second examination that fitness measures were obtained,
and this examination provided the baseline measures for this
study. The two examinations took place between 1972 and
1976, and the median time between an individual’s two
visits was 96 d.

Vital status follow-up. Deaths were obtained by an-
nual follow-up contacts, mostly by phone, with the cohort
up to the end of 1987. At the end of 1987, vital status was
known on 99.6% of the cohort. After 1987, annual fol-
low-up contacts were discontinued; follow-up was con-
ducted by searching the National Death Index (1988-91)
and the Epidemiology Research Index (1992-98). For this
study, vital status information was complete through 1998.
Using the Kaplan-Meier estimator, the median follow-up
time was 24.9 yr, Cause of death was ascertained by nosol-
ogist’s coding of the death certificates for the entire fol-
low-up period. International Classification of Disease ver-
sion 9 (ICD-9) codes 140-171 and 174-239 identified
all-cause cancer deaths. We excluded skin cancer deaths
from our definition (ICD-9 172-173).

Measurement of fitness and physical activity.
Cardiorespiratory fitness, now called “fitness” for the re-
mainder of this report, was assessed as the time to produce
predicted maximal heart rate based on age and training
during a standardized treadmill test (25). Participants were
told to refrain from eating for 2 h before testing, and most
tests were performed in the morning. The test was con-
ducted according to the Bruce protocol (25). Seven, 3-min
stages were used in which the speed and inclination were
increased in a stepwise fashion as follows: stage 1, 1.7 miles
per hour (mph) and 10% inclination; stage 2, 2.5 mph and
12% inclination; stage 3, 3.4 mph and 14% inclination; stage
4, 4.2 mph and 16% inclination; stage 3, 5.0 mph and 18%
inclination; stage 6, 3.5 mph and 20% inclination; and stage
7, 6.0 mph and 22% inclination.

The ECG was monitored continuously and blood pressure
was measured at the end of each stage. Heart rate was
monitored continuously and was also recorded at the end of
each stage, or earlier if the participant stopped during a
stage. The test was stopped when participants reached 90%
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of their predicted maximal heart rate, based on age and
physical training (9,25). In this study, physical training was
determined using two questions on physical activity: (1)
“Do you regularly engage in strenuous exercise or hard
physical labor?” Yes or no (2). If Yes: “Do you exercise or
labor at least three times a week?” Yes or no. Physical
activity was categorized as: (1) very active: individuals
reporting strenuous exercise or hard physical labor = 3
times per week; (2) moderately active: individuals reporting
strenuous exercise or hard physical labor <3 times per
week; or (3) inactive: individuals reporting no strenuous
exercise or hard physical labor. Physical training was de-
termined in LRC by whether the participant was classified
as very active (trained) versus moderately active or inactive
{not trained).

The exercise test was terminated early if the participant
was unable to continue because of chest pain, fatigue, dys-
pnea, or leg pain or because of abnormalities in the ECG
(=1 mm horizontal ST-segment change, major arthythmias,
or conduction defects), a decrease in systolic blood pressure,
technical difficulties, or if subjects were unwilling to con-
tinue. Otherwise, the test was stopped when the participant
attained 90% of predicted maximal heart rate and either
maintained it for 1 min, maintained it fo the end of the stage,
or exceeded the target heart rate by 8 bpm, whichever
occurred first (25). For these analyses, fitness was quanti-
fied as the duration of the exercise fest in minutes.

Other measurements. At the second visit, a detailed
examination was conducted which incladed an interview,
physical exam, graded exercise test, and collection of
plasma samples. Height and weight were measured with the
participant wearing light clothing and no shoes, Height was
measured to the nearest 0.5 cin using a headboard and a
vertical rule fixed to a wall. Weight was measured to the
nearest 0.1 kg using a balance scale. Body mass index
(BMI) was calculated as weight in kilograms divided by
height in meters squared (kg-m™?).

Education was categorized as less than high school grad-
uate, high school graduate, or more than high school. Cig-
arette smoking was categorized as current >20
cigarettes-d~ !, current <20 cigarettes-d” !, former, or never.
Participants were questioned on the type and amount of
different types of alcoholic beverages consumed in the past
7 d and average grams of alcohol intake per day were
calculated. For statistical modeling, alcohol intake was cat-
egorized as >20, >10-20, 1-10, or 0 g-d7 L Dietary intake
was assessed with a 24-h recall, and Keys score was calcu-
lated as described by Anderson et al. (3) and was treated
continnously in statistical models. For women, we adjusted
for self-reported menopause (yes, no).

Statistical analyses. From the eight LRC Prevalence
Study sites mentioned earlier, participants less than 30 yr of
age were excluded because mortality follow-up was not
done on those participants. Starting with ¥ = 3880 women
and N = 4803 men, we excluded two participants over the
age of 75 yr. Because the association between BMI and
mortality is likely different in blacks compared with whites
(26), we chose not to combine data from ethnic groups. The
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number of minority individuals examined was too small to
study them here separately (N = 532). To reduce confound-
ing from preexisting illness (23), participants who died in
the first 4 yr of follow-up (N = 165) and participants with
a BMI less than 18.5 kg:m™2 (N = 136) were excluded.

Because heart rate response to exercise was used as an
indicator of fitness, we excluded participants taking medi-
cation that may alter heart rate (N = 172) and participants
with inconsistent heart rates (N = 22). We excluded 222
participants with a positive exercise test (e.g., indicating
possible cardiovascular disease) and 342 participants due to
contraindications for participating in the exercise test (e.g.,
aortic stenosis, congestive heart failure, excessive blood
pressure at rest, R-on-T type premature ventricular contrac-
tions, ventricular tachycardia, parasystolic focus, atrial flut-
ter, atrial fibrillation, and congenital heart disease) (2). If the
duration of the graded exercise test was less than 1 min (N
= 311), participants were excluded since a steady state for
exercise was not reached. Thirty-four participants who were
missing data on fitness, height, weight, smoking, Keys
score, or alcohol consumption were excluded. Thus, the
analysis sample included 5475 participants: 2585 women
and 2890 men.

To account for the sampling scheme, the data were treated
as a stratified random sample, with two strata: hyperlipi-
demics and normolipidemics (including borderline hyper-
lipidemics). Associations between fitness, BMI, and cancer
mortality were examined using stratified Cox proportional
hazards models, with the sampling strata (hyperlipidemics
and normolipidemics) as the stratifying variable. These pro-
cedures enabled us to draw inferences to those screened at
visit 1 (31). All hazard ratios (HR) were reexamined among
nonsmokers (i.e., former and never smokers), in order to
account for the potential of confounding by smoking. Quin-
tile cnt points for fitness and BMI were calculated using
fitness and BMI results in participants who were recruited as
part of the random sample. Because of the higher proportion
of hyperlipidemics in the sample relative to the population,
cancer mortality rates were calculated by averaging across
lipid strata using the inverse of the sampling probability as
the weight. SAS version 6.12 (Cary, NC) was used to
conduct all analyses.

RESULTS

Descriptive statistics of study sample. Table 1
shows descriptive information on the LRC sample included
for analyses. Most participants stopped the exercise test
beyond 90% of predicted maximal heart rate. In women, the
median percent predicted maximal heart rate achieved was
95.6% (interquartile range 92.3-99.4%) and in men the
median was 96.2% (interquattile range 93.0-99.4%). The
mean time on the treadmill was 7.25 min for women and
9.47 min for men. MET values were extrapolated from
published exercise intensities (2,8) and yielded correspond-
ing values for these group means of 8.44 METs for women
and 10.75 METs for men. These values represent the ca-
pacity required to walk on the treadmill at the corresponding
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TABLE 1. Description of analysis sample at the second examination {1872~76) py
gender, LRC Prevalence Study.

Waomen (N = 2585) Men (N = 2805
Mean/Percentage  SD  Mean/Percentage g

Age {yr) 45.1 10.3 46.7 1y
Graded exercise test (min) 7.3 23 95 2'3
BMI (kgm~?) 25.0 45 268 35
Algohol {gwk™") 6.3 11.0 14.7 195
Keys score 50.5 15.3 51.6 15
Menopause (%) 484
Edueation {%)

<High school 13.9 10.8

High school 45.8 314

>High school 403 57.8
Smoking {%)

Never 489 28.9

Former 18.6 367

Current =20 ¢~ 234 18.1

Current >20 d™1 9.1 16.3
Physical activity (%)

Very active 10.1 26.8

Moderately active 4.1 57

Naot active 85.8 875

speed and grade. For the sample, 86% of women and 67
of men were in the lowest physical activity category, not
reporting vigorous physical activity (e.g., inactive),

The mean BMI in this sample for women (25.0 kg-m™?)
and men (26.8 kg~m."2) fell in the overweight range (25.0~
29.9 kg-m™?). Among women, 58.2% were normal weight
(18.5-24.9 kg-m™?), 27.4% were overweight (25.0-299
kg'm™?), and 14.4% were obese (=30 kg:m™?). Among
men, 31.1% were normal weight, 52.8% were overweight,
and 16.1% were obese. The correlation between BMI and
fitness was modest: r = —0.21 in women, —0.10 in men.

Cancer deaths and death rates across filness
and BMI categories. The most common cancer siles
among women were lung (N = 29), breast (N = 2{),
colon/rectal (N = 15), and ovarianfuterine (N = 135). For
men, the most common cancer sites were lung (N = 74),
prostate (N = 17), and colon/rectal (N = 15). The munber
of cancer deaths and the age-adjusted cancer death rates for
each quintile of fitness and BMI by gender are shown in
Table 2, overall and among nonsmokers. In some strat, the
number of deaths became small, especially in the highest
quintiles of fitness. Overall at each quintile of fitness and
BMI, cancer death rates were generally higher for men
relative to women, except for the highest fitness quintile.

Proportional hazards modeling on fithess, obe-
sity, and cancer mortality. A J- or U-shaped association
has been found between BMI and mortality in many studies
(23). Because of this, we examined the shape of the BMI
and cancer mortality association, as well as the shape of the
fitness and cancer mortality association. Examination of
BMI and fitness with quadratic terms and quadratic spline
terms (32) in separate models for women and men showed
no improvement in the prediction of cancer mortality over
the model with just the linear term. Therefore, only the
results using BMI and fitness treated linearly are shown
here.

Table 3 shows associations between fitness and vancer
mortality by gender, before and after adjusting for contii-
uous BMI. Among women, although the most fit two quin-
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TABLE 2, Adjusted™ cancer death rates by quintiles of fitness and BM! and by gender overall and among nensmokers, LRC Prevalence Study.

Fitness B
Quintile Cut Age Adjusted Death Quiniile Cut Ne. of Age Adjusted Death
Painis No. of Cancer Rate {per 100,000 Points Cancer Rate (per 106,000
{min} Deaths person-yr} (kg:m?} Deaths person-yr) -
Women

Overall
Quintile 1 1.0-6.7 53 36 18.5-21.1 24 3.2
Quintile 2 5.8-6.9 36 39 21.2-228 30 44
Quintile 3 70-78 35 34 22.7-24.5 30 2.6
Quintile 4 8.0-9.0 29 27 246-21.7 35 2.7
Quintile 5 8.1-14.5 20 28 27.8-49.3 54 43

Among nonsmokers
Quintie 1 1.0-5.7 3 2.7 18.6-21.1 13 2.8
Quintile 2 5.8-6.8 19 29 212-228 19 3.8
Quintile 3 7.0-78 20 3.0 22.7-245 12 1.8
Quintile 4 8.0-9.0 20 2.8 28.6-277 24 2.5
Quintile 5 8.1-145 12 28 27.8-43.3 34 35

Men

Overall
Quintile 1 11-7.9 76 5.1 18.5-23.6 36 45
Quintile 2 8.0-9.0 33 43 23.7-25.2 50 45
Quintile 3 9.1-10.0 47 48 25.3-26.7 40 45
Quintile 4 10.1-11.4 58 39 26.8-28.6 48 5.2
Quintile 5 115-19.0 14 2.7 28.7-428 54 55

Among nonsmokers
Quintile 1 1.1-7.9 48 4.2 18.5-23.6 17 3.5
Quintile 2 8.0-9.0 15 3.0 23.7-25.2 23 2.9
Quintile 3 9.1-10.0 27 4.2 25.3-26.7 19 32
Quintile 4 10.1-114 23 24 26.6-28.6 31 48
Quintile § 11.5-18.0 6 47 28 48

28.7-42.9

* Adjusted for lipid strata and age using 5-yr age strata and the distribution of age in visit 1.

tiles tended to have the lowest cancer mortality risk accord-
ing to the HR, especially when reducing the sample to
nonsmokers, none of the relationships reached statistical
significance. For men, the risk of cancer mortality tended to
be lowest in the highest fitness quintile, even when reducing

the sample to nonsmokers. The HR changed little for fitness
when further adjusting for BMI for both women and men.

Table 3 also shows associations between BMI and cancer
mortality by gender, with and without adjustment for con-
tinuous fitness. The highest risk of cancer mortality tended

TABLE 3. Adjusted* hazard ratios (95% confidence intervals; Cl} for cancer mortality by quintiles of fitness and BMI and by gender overall and among nonsmokers, LRC
Prevalence Study. :

Fitness BMI
Hazard Hazard
Ratio Ratio
Hazard Adjusted for Hazard Adijusted for
Ratio 95% Cl BV 95% Gl Ratio 85% Gl Fitness 95% €l
Women
Overall
Quintile 1 1 — 1 — 0.74 0.45-1.22 0.77 0.46-1.27
Quintile 2 1.09 0.71-1.68 1.10 0.71-1.69 0.83 0.52-1.32 0.86 0.54-1.37
Quintile 3 1.04 0.67-1.62 1.06 0.68-1.66 0.61 0.38-0.96 0.62 0.39-0.98
Quintile 4 0.89 0.55-1.43 0.91 0.56-1.49 0.61 0.39-0.94 0.61 0.40-0.95
Quintile 5 0.82 0.47-1.43 0.86 0.49-1.50 i —_ 1 e
Among nonsmokers
Quintile 1 — i 0.79 0.37-1.68 0.87 0.40-1.89
Quintile 2 1.29 0.68-2.44 130 0.69-2.47 0.83 0.40-1.75 0.83 0.43-1.97
Quintile 3 1.00 0.52-1.94 1.02 0.62-2.01 0.86 0.50-1.82 1.04 0.54-1.99
Quintile 4 0.53 0.23-1.20 0.54 0.23-1.23 0.48 0.23-1.03 0.52 0.24-1.11
Quintile 5 0.67 0.28-1.61 0.70 0.29-1.70 1 — 1 —
Men
Overall
Quintile 1 1 —_— 1 — 1.00 0.65-1.55 1.06 0.69-1.84
Quintile 2 1.02 0.67-1.54 1.01 00.66-1.54 1.09 0.74-1.61 1.15 0.78-1.71
Quintile 3 0.90 0.61-1.32 0.89 0.61-1.31 0.93 0.61-1.40 0.99 0.65~1.50
Quintife 4 0.91 0.83-1.33 0.91 0.62-1.32 0.98 0.66-1.44 0.99 0.67-1.47
Quintile 5 0.41 0.23-0.75 0.41 0.22-0.74 1 —_ 1 —
Among nonsmokers
Quintile 1 1 — 1 — 140 0.76~2.59 146 0.79-2.71
Quintile 2 1.31 0.74-2.34 1.28 0.72-2.30 1.45 0.84-2.51 1.52 0.87-2.64
Quintile 3 0.81 0.45-1.46 0.79 0.45-1.42 1.26 0.72-2.23 134 0.75-2.38
Quintile 4 143 0.84-2.45 1.36 0.79-2.34 1.04 0.57-1.91 1.08 0.59-1.99
Quintile 5 0.57 0.26-1.25 053 0.24-1.17 1 — 1 —

* Adjusted for age, smoking (overall only), education, alcohol, Keys score, and menopause {(women only}.
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TABLE 4. Adjusted* hazard ratios (35% confidence intervals; Cf) for cancer mortaiity by gender overall and among nonsmokers, LRC Prevalence Study.

Fitness Bl S
Hazard Hazard o
Ratio Ratio
Hazard Adjusted for Hazard Adjusted for
Ratio 85% €l B 95% Gl Ratio 95% Ci fitness 95% ©)
Women T

Overall (n = 2585)

Cuintile 1 1.01 0.71-1.43 0.98 0.69-1.40 0.97 0.62-1.50 0.99 0.64-1,54

Quintiles 2-5 1 — 1 — 1 —_ |
Nonsmekers (i = 838)

Quintile 1 1.08 0.63-1.85 1.05 0.61-1.82 0.97 0.50-1.86 1.00 0.52-1.93

Quintiles 2-5 1 — i — i - 1 -
Querall (N = 2585)

Quintile 5 0.84 0.52-1.36 0.87 0.53-1.41 1.49 1.06-2.09 145 103-2.04

Quintiles -4 1 — 1 — 1 — 1 —
Nonsmokers (N = 839}

Quintile 5 0.75 0.35~1.59 0.77 0.36-1.85 1,34 0.78-2.30 124 0.72-2.16

Quintiles 1-4 1 —_— 1 —— 1 — 1

Men

Querall (/ = 2890)

Quintile 1 1.1 0.82-151 1.1 0.81-1.51 0.95 0.66-1.37 0.96 0.66-1.38

Quintiles 2-5 1 —_— 1 —_ 1 1
Nonsmokers (N = 992)

Quintile 1 0.95 0.60~1.50 0.98 0.62-1.55 117 0.72-1.93 118 172194

Quintiles 2-5 1 — 1 — 1 —_— 1 _—
Qverall (¥ = 2890}

Quintile § 0.47 0.27-0.81 047 0.27-0.81 1.05 0.77-1.43 1.00 0.73~1.38

Quintiles 14 1 — 1 — 1 1
Nonsmokers (N = 992)

Quintite 5 0.50 0.25-1.00 0.48 0.24-0.96 0.78 0.49-1.23 0.75 0.47-1.18

Quintiles 14 1 — 1 — 1 —_— 1

* Adjusted for age, smoking {overall only), education, alcohol, Keys store, and menopause (women only).

to occur in the highest BMI quintile among women. Among
men, BMI quintiles were not related to cancer mortality
overall. The HR for BMI changed little when further ad-
justing for fitness for both women and men.

Based on our findings in Table 3, we collapsed across
quintiles and compared the lowest quintile versus the other four
quintiles and the bighest quintile versus the other four quintiles
for both fitness and BMI (Table 4). For both women and men
being in the lowest quintile of fitness (hypothesized highest
risk) relative to the other four quintiles did not meaningfully
change the hazard for cancer mortality overall or among non-
smokers. However, cancer mortality was generally reduced for
men in the highest quintile of fitness (hypothesized lowest risk)
relative to the other four quintiles.

For women, being in the highest quintile (hypothesized
highest risk) relative to the other four quintiles of BMI signif-
icantly increased cancer mortality risk overall, which was at-
tenuated among nonsmokers only. For men, being in the high-
est quintife of BMI relative to the other four quintiles was not
related to cancer mortality risk overall. The estimate in non-
smokers was below one; however, the confidence intervals
were wide. Additionally, there appeared to be no relationship
for women or men with cancer mortality when comparing the
lowest quintile (hypothesized lowest risk) to the other four
quintiles of BMI, overall and among nonsmokers. Further
adjustment of BMI by fitness and further adjustment of fitness
by BMI did not meaningfully change these results.

Interactions between fitness and obesity were tested
keeping both measures continuous in the proportional
hazard models. There were no significant inferactions
between fitness and obesity predicting cancer mortality
overall (P = 0.37 women, P = 0.46 men) or among
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nonsmokers (£ = 0.65 women, P = 0.26 men). Tuble §
displays the interactions between fitness and BMI. using
quintile categories from Table 4. We hypothesized that
individuals in both the first BMI quintile and (he [ifth
fitness quintile would be at lowest risk, and those in the
fifth BMI quintile and first fitness quintile would be at the
highest risk. There was some support for the former of the
two hypotheses.

Physical activity and cancer mortality. We also
explored whether physical activity predicted cancer morlulity,
adjusting for obesity, age, education, smoking, alcohol. Keys
score, and menopause (women only). Among wonen. when
compared with those who were not active, being classified as
very active (HR = 1.32; 95% CI, 0.50-3.47} or moderately
active (HR = 1.18; 95% CI, 0.67-2.10) was not signilicuatly
related to cancer mortality. Similarly among men, when com-
pared with those who were not active, being classificd us very
active (HR = 1.33; 95% CI, 0.74-2.37) or modetately active
(HR = 0.97; 95% CI, 0.70-1.35) was not significantly related
to cancer mortality. There were no significant inteructions
between physical activity categories and continuous BMI pre-
dicting cancer mortality in either women (P = 0.34 very uclive,
P = 0.57 moderately active) or men (P = 0.49 very active. P
= 0.10 moderately active). The results were similar when
restricting to only nonsmokers.

DISCUSSION

Fitness and physical activity and risk of cancef
mortality. Using the LRC Prevalence Study cohort. W¢
found that the risk of cancer mortality was lower in the most
fit quintile relative to the other four quintiles of fitness [0f
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TABLE 5. Adjusted* hazard ratios {35% confidence intervals; C1} on the interaction between fitness and BMI for cancer mortality by gender, LRC Prevalence Study.

Fitness Fitoess
Hazard Hazard Hazard Hazard
Hatio Ratio Ratio Ratio
Quintile Quintiles Quintile Quintiles
1 85% Ci 2-5 95% Gl 5 95% 6l -4 95% Gl
Women
Overall (A = 2585)
BMI guintite 1 172 0.84-3.56 0.84 0.45-1.56 0.94 0.34-2.61 1.18 0.58-2.32
BMI guintiles 2-5 1 — 111 0.76-1.62 1 — 117 0.68-2.03
Overall (¥ = 2585}
BMI quintile 5 1.33 0.75-2.37 1.54 0.93-2.56 1.04 0.30-3.60 1.61 0.91-2.86
BMI quintiles 1-4 1 — 0.97 0.64-1.49 1 — 1.06 0.63-1.81
Men
Qverall (N = 2890}
BMI quintile 1 0.86 0.46-1.61 0.87 0.53-1.43 0.33 0.04-2.54 1.89 0.89-3.62
BMI quintiles 2-5 1 — 0.88 0.63-1.22 1 — 1.87 1.06-3.32
Overall (N = 2890)
BMI quintile 5 1.01 0.59-1.71 0.94 0.60-1.49 1.48 0.41-5.34 2.30 119-4.45
BMI quintiles 1-4 1 — 0.89 0.63-1.26 1 — 230 1.24-4.29

* Adjusted for age, smoking, education, alcohol, Keys score, and menopause (women only).

men (HR 0.47; 95% CI, 0.27-0.81), adjusting for multiple
confounders including BMI. The reduction in risk remained
when reducing the sample to nonsmokers (i.e., former and
never smokers), although some risk estimates included the
null value. The reduction in risk also remained when further
adjusting for BMI. However, cancer mortality was not sig-
nificantly reduced for women comparing the most fit quin-
tile relative to the other four quintiles of fitness (HR 0.87;
95% CI, 0.53-1.41).

The size of the associations of fitness with cancer mor-
tality was generally similar in LRC women and men com-
pared with those observed in other studies. In this study, the
relative hazard comparing the highest quintile to the lowest
quintile of fitness for cancer mortality was 0.86 (95% CI,
0.49-1.50) for women and 0.41 (95% CI, 0.22-0.74) for
men, controlling for multiple covariates including BMI. The
relationship between fitness and cancer mortality was re-
ported from the Aerobics Center Longitudinal study in an
earlier study (7) and later updated (19,20). Based on 44
female (N = 7080) and 179 male (¥ = 25,341) cancer
deaths, the risk of cancer mortality was 0.47 (95% CI,
0.18-1.22) for women and 0.36 (5% CI, 0.21-0.61) for
men comparing the highest quintile of fitness to the lowest
quintile, adjusted for age, exam year, smoking, chronic
iliness, and ECG abnormalities (19). In the Canada Health
Survey Mortality Follow-up Survey, fitness was assessed at
home by using a submaximal step test (4). The risk of cancer
mortality increased across three levels of decreasing fitness
levels, adjusting for age, gender, smoking, and alcohol con-
sumption. However, the estimates included the null value,
based on only 32 cancer deaths for women and men.

We did not observe a relationship between our measure of
physical activity and cancer mortality, despite the apparent
relationship with fitness. This could be due to our crude
estimate of physical activity, based on a two-item assess-
ment. It is possible that in this case cardiorespiratory fitness
may have been a better marker of long-term physical activ-
ity. In the Aerobics Center Longitudinal Study (19), a re-
duction in cancer mortality risk was observed with higher
levels of physical activity among men but not women,
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although the confidence intervals were large and imprecise.
In the Canada Health Survey, the risk of cancer mortality
was not related to physical activity levels (4), but their
estimates were also imprecise. Based on a comprehensive
review by Thune and Furberg (27) (which included the two
studies just mentioned), of 17 observational studies of phys-
ical activity and all-cause cancer mortality, 10 studies indi-
cated a significant reduced effect of leisure or occupational
activity, whereas 6 studies suggested a reduced effect and 1
study showed an increased risk. A weaker effect on this
association was generally found in women as compared
with men. Since then, an update was published for the
British Regional Heart study showing a reduced risk for
cancer in the most active compared to the least active group
of men (29).

Differences across studies may be due to the timing of
measurement (15). There may be periods in life when at-
taining certain levels of physical activity or fitness are more
important in preventing cancer than in other time periods.
The time periods in life when physical activity may result in
decreased endogenous sex hormones have not been estab-
lished (14). Unfortunately, in the LRC Prevalence Stady,
fitness and physical activity were only measured once. Stud-
ies documenting the changing course of physical activity
and fitness over time can further our understanding of these
associations.

Obesity and risk of cancer mortality. In this study,
when controlling for multiple confounders, the risk of can-
cer mortality was generally lower for women but not for
men, comparing the lowest BMI quintile with the highest
quintile. These results were not meaningfully changed when
further adjusting for fitness. Our results can be compared to
several studies from the Cancer Prevention Studies. In the
first Cancer Prevention Study of approximately 750,000
women and men enrolled during 1959~72, cancer mortality
was higher among those 40% or more overweight (16,21).
The cancer mortality ratios were consistently higher in over-
weight women than overweight men. In the second Cancer
Prevention Study of approximately 1.5 million women and
men enrolled in 1982, the relationship between BMI and the
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risk of death from cancer was fairly linear, showing no
elevation in risk among women and men in the Jowest BMI
category (11,17). Similar to our results and to the results
from the first cohort, risk of cancer mortality was higher at
a given category of BMI for women as compared with men.

Interactions between fitness and obesity on can-
cer mortality. We investigated, but did not find, signifi-
cant interactions between fitness and obesity for cancer
mortality among women or men. This null finding remained
when examining the interaction between physical activity
and obesity on cancer mortality across gender. No other
epidemiologic reports provide information on the interac-
tion between fitness and obesity, but one study does provide
estimates for the interaction between physical activity and
obesity on cancer mortality. For women and men in the
National Health and Nutrition Examination I cohort, the risk
of all-cause cancer mortality increased as physical activity
declined (3 levels) within BMI strata < 22.0 and 22.0-26.0
kgm™? (1). However, at higher levels of BMI (>26.0
kg-m™?), physical activity was not related to cancer mortal-
ity in women or men.

Limitations. The LRC cohort was not a representative
sample of the U.S. population, but nevertheless, the cohort
was drawn from diverse groups and represents the clinics,
work sites, geographic locations, school districts, or mem-
bership within a medical plan from which they were sam-
pled. Our measure of fitness measure was excellent for an
epidemiologic study, whereas the measures of adiposity and
physical activity were less precise. The correlation between
BMI and percent body fat is approximately 0.7 in adults
(30). An additional limitation of this work was the statistical
power, because many of the risks and interactions docu-
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The Relation of Body Mass Index,
Cardiorespiratory Fitness, and All-Cause

Mortality in Women
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Abstract

FARRELL, STEPHEN W., LEEANN BRAUN,
CAROLYN E. BARLOW, YILING J. CHENG, AND
STEVEN N. BLAIR. The relation of body mass index,
cardiorespiratory fitness, and all-cause mortality in women.
Obes Res. 2002;10:417-423.

Objective: To examine the relation of body mass index
(BMI), cardiorespiratory fitness (CRF), and all-cause mor-
tality in women.

Research Methods and Procedures: A cohort of women
(42.9 £ 10.4 years) was assessed for CRF, height, and
weight. Participants were divided into three BMI categories
(normal, overweight, and obese) and three CRF categories
(low, moderate, and high). After adjustment for age, smok-
ing, and baseline health status, the relative risk (RR) of
all-cause mortality was determined for each group. Further
multivariate analyses were performed to examine the con-
tribution of each predictor (e.g., age, BMI, CRF, smoking
status, and baseline health status) on all-cause mortality
while controlling for all other predictors.

Results: During follow-up (113,145 woman-years), 195
deaths from all causes occurred. Compared with normal
weight (RR = 1.0), overweight (RR = 0.92) and obesity
(RR = 1.58) did not significantly increase all-cause mor-
tality risk. Compared with low CRF (RR = 1.0), moderate
(RR = 0.48) and high (RR = 0.57) CRF were associated
significantly with lower mortality risk (p = 0.002). In
multivariate analyses, moderate (RR = 0.49) and high
(RR = 0.57) CRF were strongly associated with decreased
mortality relative to low CRF (p = 0.003). Compared with
normal weight (RR = 1.0), overweight (RR = 0.84) and
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obesity (RR = 1.21) were not significantly associated with
all-cause mortality.

Discussion: Low CRF in women was an important predic-
tor of all-cause mortality. BMI, as a predictor of all-cause
mortality risk in women, may be misleading unless CRF is
also considered.

Key words: cardiovascular fitness, women’s health, ex-
ercise testing, aerobic power, metabolic equivalent

Introduction

Overweight is a common disorder in the United States
and other industrialized countries. According to body mass
index (BMI) data from the third National Health and Nu-
trition Examination Survey, the prevalence of overweight
(BMI, >25 kg/m?) for adults in the United States is now
estimated to be 55% (1,2).

Using the criteria of BMI, waist-to-hip ratio, or waist
circumference, overweight has been associated with in-
creases in both all-cause (3,4) and cardiovascular (5,6)
mortality for women in several prospective studies.
Whereas this association persists after adjusting for poten-
tial confounding variables such as cigarette smoking, these
studies did not measure cardiorespiratory fitness (CRF)
level. A low CRF level is an important independent predic-
tor of all-cause mortality in both men and women (7,8).
Failure to measure and consider CRF may confound the
relationship between BMI and mortality. The failure to
measure CRF in studies examining the relationship of BMI
and mortality may be attributable to logistical constraints,
but may also be attributable, in part, to an underlying
assumption that all overweight and obese individuals are
sedentary and unfit, an assumption that is not valid. Our
group has shown that moderately to highly fit overweight or
obese men have significantly lower rates of all-cause mor-
tality than normal-weight or overweight men with low lev-
els of CRF (9,10). Additionally, the health benefits of nor-
mal weight in men are limited to those who have moderate
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or high levels of CRF (11). Our primary goal in the current
study was to extend these observations to women. Thus, the
purpose of our study was to quantify the association be-
tween BMI, CRF, and all-cause mortality in adult women.

Research Methods and Procedures

Study Participants and Measurements

The Aerobics Center Longitudinal Study (ACLS) is a
prospective epidemiological follow-up of patients who un-
derwent an examination at the Cooper Clinic (Dallas, TX).
Participants for this study included 9925 female patients
(mean age, 42.9 = 10.4 years) who completed a compre-
hensive medical examination during the interval between
December 6, 1970 and December 31, 1996. All partici-
pants were United States citizens, and nearly all (98%)
were white.

After receiving written informed consent from each par-
ticipant, a clinical evaluation was performed. Examinations
included fasting blood chemistry, personal and family
health history, anthropometry, resting blood pressure, elec-
trocardiogram, and a maximal graded exercise test on a
motor-driven treadmill. Height and weight were measured
by a stadiometer and a standard physician’s scale. BMI was
calculated as weight in kilograms per square meter. On the
basis of NIH guidelines, three categories of BMI were used
in this study: normal weight (BMI, 18.5 to 24.99), over-
weight (BMI, 25 to 29.99), and obese (BMI, =30). All
procedures were administered by trained technicians who
followed standardized protocols.

CRF was measured on a treadmill with the modified
Balke protocol. The treadmill test began at a speed of 88
m/min and 0% elevation. At the end of the first minute,
elevation was increased to 2%, then by 1% each minute
thereafter. After 25 minutes, elevation remained at 25%,
whereas speed was increased by 5.4 m after each minute
until volitional fatigue. Treadmill time has been shown to
correlate highly (+ = 0.94) with directly measured maximal
oxygen uptake in women (12). Patients were encouraged to
give a maximal effort during the test, and those who did not
achieve at least 85% of age-predicted maximal heart rate
were excluded from the analyses.

Treadmill time was used to group study participants into
CRF categories on the basis of age-specific cutoffs. The age
groups were as follows: 20 to 29, 30 to 39, 40 to 49, 50 to
59, 60 to 69, and 70 to 79 years. Because there are several
different treadmill protocols used in laboratories, and METs
are a standard measure well understood in the field, we then
calculated maximal MET levels of participants from tread-
mill time using the following formula (13): maximal MET
level = (treadmill time in minutes X 1.750) + 10.5/3.5.
Based on previous mortality findings in this population (7),
three categories of CRF were created. The least fit 20% in
each age group were classified as low fit, the next 40% as
moderately fit, and the top 40% as highly fit.

418 OBESITY RESEARCH Vol. 10 No. 6 June 2002

et al.

-844-

Participants were classified as apparently healthy unless
they reported chronic illnesses (e.g., myocardial infarction,
stroke, hypertension, diabetes, cancer) at the time of their
baseline examination or had an abnormal resting or exercise
electrocardiogram. Women with at least one of these con-
ditions were classified as unhealthy.

Mortality Surveillance

We followed study participants for mortality from the
date of their initial examination to either the date of death
or, for survivors, to December 31, 1996. The National Death
Index was used to identify possible deaths, and official
death certificates were retrieved for these individuals. In-
formation on the death certificate was compared with the
participant’s clinical record to confirm a match. The mean
length of follow-up was 11.4 * 6.2 years.

Statistical Analyses

Our initial analysis compared the relative risk (RR) with
95% Cls of all-cause mortality among normal-weight (n =
7801), overweight (n = 1527), and obese (n = 597) women
after adjusting for age, smoking status, and baseline health
status. After adjustment for age, smoking status, and base-
line health status, RR with 95% CIs was determined for
low-fit, moderately fit, and highly fit women. We then
performed a multivariate analysis using BMI, CRF, age,
smoking status, and baseline health status to determine the
independent contribution of each to all-cause mortality. We
also performed a separate multivariate analysis using these
variables to determine whether there was a significant in-
teraction between CRF and BMI.

Results

Demographic characteristics of subjects are shown in
Tables 1 and 2. Overall, the CRF level and risk profile of the
normal-weight group was more favorable than that of the
overweight and obese groups (Table 1). Similarly, the risk
profile of the highly fit group was more favorable than the
moderately and low-fit groups (Table 2). There were 195
deaths during follow-up (during 113,145 woman-years of
follow-up). Cancer (118 deaths) and cardiovascular disease
(44 deaths) were the leading causes of mortality in the
cohort, accounting for 83% of all deaths. RR of all-cause
mortality across different levels of BMI adjusted for age,
smoking status, and baseline health status are presented in
Figure 1. There were no significant differences in all-cause
mortality among the normal-weight (RR = 1.0), overweight
(RR = 0.92; 95% CI, 0.61 to 1.37), or obese (RR = 1.58;
95% CI, 0.95 to 2.63) groups. However, the RR of the obese
group did approach statistical significance (p = 0.08).

Figure 2 shows a comparison of all-cause mortality
among low-fit, moderately fit, and highly fit women after
adjustment for age, smoking status, and baseline health



Body Mass Index, Fitness, and Mortality in Women, Farrell et al.

Table 1. Descriptive characteristics for 9925 women by BMI category (Aerobics Center Longitudinal Study, 1970

to 1996)
Normal Overweight Obese
(n = 7801), " (n = 1527), (n = 597), p value
BMI 18.5 to 24.99 BMI 25 to 29.99 BMI = 30 for trend

Age (years) 422 +104 46.0 £ 10.6 442 = 10.5 0.0001
Height (cm) 164.6 £5.9 163.8 = 6.7 163.4 = 8.5 0.0001
Weight (kg) 582 = 6.0 723 +£7.0 91.0 = 13.6 0.0001
BMI (kg/m?) 215+ 1.7 26914 34149 0.0001
Cholesterol (mM) 5.1 =% 1.1 55=x1.1 55=%1.1 0.0001
Glucose (mM) 52*6.1 54=1.0 57+14 0.0486
Triglycerides (mM) 09*+0.8 1.3 =09 1.6 =11 0.0001
Treadmill performance (maximal METs) 99+23 8419 7.1*1.6 0.0001
Resting SBP (mm Hg) 110.7 £ 13.8 115.8 + 13.8 121.8 £ 15.2 0.0001
Resting DBP (mm Hg) 743 £9.2 774 +9.0 82.0 9.6 0.0001
Present smoker (%) 928 (11.9) 141 (9.2) 62 (10.4) 0.0117
Apparently healthy (%) 6629 (85.0) 1150 (75.3) 407 (68.2) 0.0001
Number of deaths (%) 149 (1.9) 29 (1.9) 17 (2.9) 0.2221

With the exception of the last three variables, all data are means = SD.

BMI, body mass index; MET, metabolic equivalent; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table 2. Descriptive characteristics for 9925 women by CRF category (Aerobics Center Longitudinal Study, 1970

to 1996)

Low CRF Moderate CRF High CRF p for

(n = 1657) (n = 3747) (n = 4521) trend
Age (years) 432 +10.1 43.0 =103 42.7 = 10.8 0.0001
Height (cm) 163.7 £ 6.0 1642 £ 6.2 164.8 = 6.3 0.0001
Weight (kg) 69.3 £ 16.1 62.8 £ 104 59.5 + 8.0 0.0001
BMI (kg/m?) 25958 233 +37 219 £25 0.0001
Cholesterol (mM) 53%1.0 53 =x 1.1 51+1.2 0.0001
Glucose (mM) 54+1.1 52+0.7 53+8.0 0.0982
Triglycerides (mM) 1.3+£09 1.1 £0.8 09+1.0 0.0001
Treadmill performance (maximal METSs) 65*1.0 86=x1.1 114+19 0.0001
Resting SBP (mm Hg) 116.0 = 15.7 112.1 = 14.0 110.8 = 13.6 0.0001
Resting DBP (mm Hg) 77.6 +=10.3 754 94 743 £9.0 0.0001
Smoker (%) 299 (18.0) 495 (13.2) 337(7.5) 0.0001
Apparently healthy (%) 1225 (73.9) 3113 (83.1) 3848 (85.1) 0.0001
Number of deaths (%) 75 (4.5) 63 (1.7) 57 (1.3) 0.0001

With the exception of the final three variables, data are means = SD.

CRF, cardiorespiratory fitness; BMI, body mass index; MET, metabolic equivalent; SBP, systolic blood pressure; DBP, diastolic blood

pressure.
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status. Compared with low-fit women (RR = 1.0), moder-
ately fit (RR = 0.48; 95% CI 0.34 to 0.68) and highly fit
women (RR = 0.57; 95% CI, 0.40 to 0.82) had a signifi-
cantly lower risk of mortality (p = 0.002).

Figure 3 shows the proportion of women who were
classified as having moderate or high CRF within several
different strata of BMI. With increasing BMI, the propor-
tion of fit women decreased linearly. For example, 90.5% of
women with a BMI between 18.5 and 21 kg/m? were
classified as having moderate or high CRF, compared with
20.5% of women with a BMI >37.1 kg/m®.

Table 3 summarizes a multivariate analysis using CRF,
BMI, smoking status, and baseline health status as categor-
ical independent variables and age as a continuous indepen-
dent variable. The RR of each variable was adjusted for all
other variables in the model to examine the independent
contribution of each on all-cause mortality. We determined
that there was no significant interaction between CRF and
BMI; therefore, no interaction terms were included in the
model. Compared with women with low CRF (RR = 1.0),
women with moderate (RR = 0.49; 95% CI, 0.35 to 0.69)
and high (RR = 0.57; 95% CI, 0.40 to 0.83) CRF were
significantly less likely to die during follow-up (p = 0.003).
Overweight (RR = 0.84; 95% CI, 0.56 to 1.26) and obese
(RR = 1.21; 95% CI, 0.71 to 2.05) women were no more
likely to die than normal-weight women in this model.

Discussion
The purpose of the current study was to examine the
relation of BMI, CRF, and all-cause mortality in women. To
the best of our knowledge, ours is the first study to explore
this topic in women. We have demonstrated in this study
that low CRF is a stronger predictor than BMI of all-cause
mortality in women.

RR

Noomal Weight Orverweight Obese
{BMI 18.51024.9%) {BMI 2510 29.99) {BMI 230)
2 TR #1527 1= 597

Figure I: Relative risk (RR) of all-cause mortality by body mass
index (BMI) category. RRs have been adjusted for age, smoking,
and baseline health status. ACLS women from 1970 to 1996.
Numbers on top of bars represent number of deaths and percentage
of group members who died.
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(1=1657) (r:i 4521)
Figure 2: Relative risk (RR) of all-cause mortality by cardiorespi-
ratory fitness (CRF) category. RRs have been adjusted for age,
smoking, and baseline health status. ACLS women from 1970 to
1996. Numbers on top of bars represent number of deaths and
percentage of group members who died. *, significantly different

than low CRF group (p = 0.002).

In the current study, obese women had a RR of 1.58
compared with normal-weight women (Figure 1), and this
value approached statistical significance (p = 0.08). One
possible reason we did not see a greater RR for obese
women is that we adjusted for baseline health status as well
as age and smoking in our model. Because conditions such
as hypertension and Type 2 diabetes are to some extent a
consequence of obesity, adjusting for baseline health status
lessens the effect of obesity on mortality because some of its
consequences are removed. In a separate analysis where we
adjusted for only age and smoking status, the RR of the
obese group (RR = 1.70) was significantly different (p =
0.04) from the normal-weight group.

Obesity is an important public health problem; preva-
lence of obesity and overweight in the United States are
currently estimated to be 22% and 55%, respectively. This
study was not intended to minimize or trivialize the impor-
tance of these conditions. However, we strongly believe it is
important to consider CRF levels when examining the im-
pact of overweight status and obesity on mortality. It is also
important not to make the assumption that all overweight
and obese individuals are sedentary and unfit. Our group has
shown previously that some overweight and obese men
possess moderate or even high levels of CRF (9,10). Fur-
thermore, fit overweight and obese men have significantly
lower rates of all-cause mortality than normal-weight men
who are unfit, even after controlling for confounding vari-
ables such as cigarette smoking (9).

Whereas most health professionals assume that inten-
tional weight loss in overweight and obese individuals is
beneficial, it is interesting to note that the scientific evi-
dence that intentional weight loss decreases all-cause mor-
tality is limited to one study (14). Virtually all other studies
on weight loss and mortality failed to differentiate between
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Figure 3: Percentage of women with moderate or high cardiorespiratory fitness (CRF) by body mass index (BMI). ACLS women from 1970

to 1996.

intentional and unintentional weight loss (15), making the
results largely noninterpretable. Until we know for certain
that intentional weight loss significantly decreases all-cause
mortality, it is worth considering that perhaps our time as
health professionals would be better spent striving to help
sedentary and unfit individuals increase levels of CRF, and
encouraging healthy diets and smoking cessation in the
population, rather than focusing specifically on weight loss.
For example, Project Active (16) compared the effects of a
lifestyle physical activity program with a traditional struc-
tured exercise program in previously sedentary men and
women over a 24-month period. Although body weight did
not change in either group, significant improvement in
physical activity levels, CRF, systolic and diastolic blood
pressure, and percentage of body fat was achieved by both
groups. Project Active also demonstrated that exercise pre-
scription and programs need not necessarily be structured,
nor is a state-of-the-art fitness center needed for individuals
to improve activity levels, CRF levels, and risk factors. In
an early study, Tremblay et al. (17) showed that the meta-
bolic profile of obese women could be normalized by ex-
ercise and a low-fat diet, even when significant weight loss
did not occur.
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CREF is primarily a function of the heart’s maximal ability
to pump blood (maximal cardiac output) and the ability of
skeletal muscle to extract and use oxygen (maximal arterio-
venous O, difference). These two variables have both ge-
netic and environmental influences. For example, the con-
tribution of genetics to heart size, structure, and cardiac
function variance in the population is estimated to be be-
tween 30% to 70% (18). Similarly, a genetic component is
thought to account for 40% to 50% of the population vari-
ation in the proportion of type 1 (slow-twitch) skeletal
muscle fibers in humans (18). Thus, it is clear there are
genetic factors that limit the extent to which CRF can be
developed. However, environment (the frequency, intensity,
and duration of aerobic training) has a significant effect on
CRF as well and appears to account for more of the varia-
tion in CRF than do genetic factors.

It should be emphasized that the criterion for the fit
category in this study was any value above the 20th per-
centile for each age group. For example, a 40- to 49-year old
woman would require a maximal oxygen uptake of at least
28.0 mL/kg per minute (8 METs) to be classified as fit. This
modest goal is attainable for most women, as has been
shown by aerobic-training studies where as much as a mean
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