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Table 3. Multivariate analysis using CRF, BMI, age,
baseline health status, and smoking status of 9925
women (Aerobics Center Longitudinal Study, 1970 to
1996)

Variable RR (95% CI) p value
CRF (Maximal METs)

Low 1.0 (Referent)

Moderate 0.49 (0.35, 0.69) 0.0001

High 0.57 (0.40, 0.83) 0.003
BMI (kg/m?)

Normal 1.0 (Referent)

Overweight 0.84 (0.56, 1.26) 0.39
Obese 1.21 (0.71, 2.05) 0.48
Age (years) 1.08 (1.07, 1.09) 0.0001

Baseline health status
Healthy 1.0 (Referent)
Unhealthy 0.76 (0.55, 1.05) 0.10
Smoking status
Never 1.0 (Referent)
Quitter 1.12 (0.81, 1.56) 0.49
Current 1.83 (1.26,2.67) 0.002

Each variable has been adjusted for all other variables in the
model.

CRF, cardiorespiratory fitness; BMI, body mass index; RR, rela-
tive risk; CI, confidence interval; MET, metabolic equivalent.

25% increase in maximal oxygen uptake was seen in sed-
entary women (19). It should also be noted that moderate
CREF is attainable even for obese women, as evidenced by
the fact that 50.5% of women with BMIs between 31.1 and
33 kg/m* were classified as having at least a moderate level
of CRF (Figure 3).

The current study has certain limitations. Women in the
ACLS do not represent a random sample of the population;
rather they are primarily white and college educated. We
cannot say for certain that our observations extend to non-
white women and/or women with lower levels of education.
At the present time, there are no national norms in the
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United States for CRF that are based on a random sample of -

the population. However, median estimated maximal oxy-
gen consumption for women in the ACLS is remarkably
similar to a random sample of women in the Canada Fitness’
Survey (20). Thus, it would seem that women in the ACLS
are not a select group of fitness enthusiasts and are similar
to other groups of North American women.

In this study, we used treadmill time to estimate maxi-
mum V0, (and METs) rather than a direct measurement of
oxygen uptake. Whereas our group has previously shown
that the correlation between treadmill time and directly
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measured maximum V0, in women is 0.94 (12), most of the
women in that particular study were in the normal BMI
category. Although currently we have no evidence to the
contrary, we cannot say for certain that the correlation
between treadmill time and maximum V0, is as high in
overweight and obese women. Therefore, it is possible that
some overweight and obese women might have been mis-
classified with regard to CRF category.

We used baseline measurements to determine CRF and
BMI categories. It is possible that some women may have
changed their CRF or BMI category during the study,
and we did not measure changes in these variables in the
present study.

It is also important to note that there are various classes
of obesity. Our observations extend primarily to women
who are normal weight, overweight, Class 1 obese (BMI, 30
to 34.9 kg/m?), and Class 2 obese (BMI, 35.0 to 39.9
kg/m?). We do not have sufficient data to make any obser-
vations on women who are Class 3 obese (BMI, =40
kg/m?). It is likely from the trend observed in Figure 3 that
the vast majority of women who are Class 3 obese are
sedentary and unfit, and thus are at significantly increased
risk for all-cause mortality.

Because of the limited number of deaths in this cohort,
we were not able to examine the effects of CRF and BMI on
specific causes of mortality. We await additional mortality
data for this purpose.

In summary, a low level of CRF as measured by a
maximal treadmill exercise test was a more important pre-
dictor of all-cause mortality in ACLS women than was
baseline BMI. Because previous work by our group has
shown that unfit men who become fit enjoy a substantial
reduction in mortality (21), it seems reasonable to suggest
that a much stronger emphasis should be placed on increas-
ing the CRF level of all unfit women as well. From an
all-cause mortality perspective, we strongly suggest that
clinicians and other health professionals spend at least as
much time encouraging sedentary women to become more
physically active as encouraging overweight and obese
women to lose weight.
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Cardiorespiratory Fitness, Different Measures
of Adiposity, and Cancer Mortality in Men

Stephen W. Farrell,* Gina M. Cortese,* Michael J. LaMonte, T and Steven N. Blairi

Abstract

FARRELL, STEPHEN W. GINA M. CORTESE,
MICHAEL J. LAMONTE, AND STEVEN N. BLAIR.
Cardiorespiratory fitness, different measures of adiposity,
and cancer mortality in men. Obesity. 2007;15:3140-3149.
Objective: The purpose was to examine the prospective
relationship among cardiorespiratory fitness level (CRF),
different measures of adiposity, and cancer mortality in
men.

Research Methods and Procedures: Participants were
38,410 apparently healthy men who completed a compre-
hensive baseline health examination between 1970 and
2001. Clinical measures included BMI, waist circumference
(WC), percent body fat, and CRF quantified as duration of
a maximal treadmill exercise test. Participants were divided
into fifths of CRF, BMI, WC, and percent body fat. Hazard
ratios were computed with Cox regression analysis.
Results: During a mean follow-up period of 17.2 *= 7.9
years, 1037 cancer deaths occurred. Adjusted hazard ratios
across incremental BMI quintiles were 1.0, 1.23, 1.15, 1.39,
and 1.72; those of WC were 1.0, 1.05, 1.03, 1.31, and 1.64;
those of percent body fat were 1.0, 1.24, 1.17, 1.23, and
1.50; and those of CRF were 1.0, 0.70, 0.67, 0.70, and 0.49
(trend p < 0.01 for each). Further adjustment for CRF
eliminated the significant trend in mortality risk across
percent body fat groups and attenuated the trend in risk
across BMI and WC groups. Adjustment of CRF for adi-
posity measures had little effect on mortality risk. When
grouped into categories of fit and unfit (upper 80% and
lower 20% of CRF distribution, respectively), mortality
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rates (per 10,000 man-years) were significantly lower in fit
compared with unfit men within each stratum of BMI, WC,
and percent body fat.

Discussion: Higher levels of CRF are associated with lower
cancer mortality risk in men, independently of several adi-
posity measures.

Key words: body composition, exercise, waist circamfer-
ence, skinfold thickness, BMI

Introduction

Cancer is the second leading cause of death for U.S. men,
accounting for ~285,000 deaths annually (1). In addition to
its physical and emotional toll, cancer also is associated
with a significant economic burden to society. The NIH has
estimated total U.S. healthcare expenditures of $210 billion
for cancer in 2004; approximately $74 billion in direct costs
such as medication, hospital, physician, and nursing ser-
vices; and approximately $136 billion in indirect costs re-
lated to lost productivity and the like (1).

Traditionally known modifiable risk factors for cancer
include tobacco use (2) and poor diet (3), as well as envi-
ronmental and occupational exposures (4,5). More recently,
adiposity (6—9) and low levels of physical activity or car-
diorespiratory fitness (CRF)' also have been shown to be
associated with cancer mortality in men (10-14). Over-
weight and obesity (15), as well as physical inactivity (16),
are highly prevalent in the U.S. population. Most studies on
adiposity and cancer mortality have used self-reported or
measured BMI as the measure of adiposity (6,7,9,14,17,18).
Few studies have reported on associations between cancer
mortality and clinical adiposity measures, such as waist
circumference (WC) (8) or percent body fat. Studies on
physical activity and cancer mortality have relied almost
exclusively on self-reported assessment of physical activity
habits (7,12,19). There is a paucity of reported data relating
an objective measure of CRF with cancer mortality (11,14).

! Nonstandard abbreviations: CRF, cardiorespiratory fitness; WC, waist circumference;
ACLS, Aerobics Center Longitudinal Study; HR, hazard ratio; CI, confidence interval.
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Even fewer studies have reported on the joint exposures of
adiposity and physical activity or fitness with subsequent
cancer mortality (14,20). Thus, the primary purpose of this
investigation is to examine the relationship among CRF,
several measures of adiposity, and cancer mortality in a
large cohort of initially cancer-free men who are enrolled in
the Aerobics Center Longitudinal Study (ACLS).

Research Methods and Procedures

Study Participants and Measurements

The ACLS is a prospective epidemiological follow-up of
patients who have completed a comprehensive health ex-
amination at the Cooper Clinic in Dallas, TX (21). Partici-
pants in the present study were 38,410 men who completed
baseline examinations during the interval between 1970 and
2001. All participants were U.S. residents, and the majority
of men were white and from middle to upper socioeconomic
strata. After receiving written informed consent from each
participant, a clinical evaluation was performed and in-
cluded an examination by a physician, fasting blood chem-
istry assessment, personal and family health history, anthro-
pometry, resting blood pressure and electrocardiogram, and
a maximal graded treadmill exercise test. Height and weight
were measured using a stadiometer and standard physician’s
scale. BMI was calculated as weight in kilograms divided
by height in meters squared. Participants were grouped into
fifths of the BMI distribution as follows: BMI <23.50,
23.50 to 25.10, 25.11 to 27.00, 27.01 to 29.80, and >29.80
kg/m®. Percent body fat was assessed with hydrostatic
weighing, with skinfold measures, or with both following
standardized procedures (22). Body fat was estimated from
hydrodensitometry using the Siri Equation (23) or from the
sum of seven skinfolds using a generalized equation (22). In
accord with our previously published study methods (24)
and to standardize the body fat estimates, we developed a
prediction model for hydrostatically determined percent of
body fat from percent of fat determined from the skinfold
measures in men who had both assessments (n = 13,234).
Regression analysis resulted in the following equation: Per-
cent body fat = 1.448 + 0.945 X skinfold percent fat (r =
0.83, standard error of the estimate = 3.77). Men were
grouped into fifths of percent body fat distribution as fol-
lows: percent body fat <17.50%, 17.50% to 21.50%,
21.51% to 24.60%, 24.61% to 28.00%, and >28.0%. Waist
circumference was measured at the level of the umbilicus
using a cloth tape measure. The measurement of WC was
not included in the clinical examination until the 1980s and,
thus, is only available in a subset of study participants (n =
27,881). Men were assigned to fifths of the WC distribution
as follows: WC <85.00 cm, 85.00 to 90.80 cm, 90.81 to
95.90 cm, 95.91 to 102.00 cm, and >102.00 cm. All pro-
cedures were administered by trained technicians who fol-
lowed standardized measurement protocols.
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CRF was quantified as the duration of a maximal tread-
mill exercise test using a modified Balke protocol (25). The
treadmill test began at a speed of 88 m/min and 0% eleva-
tion. 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% while speed was increased 5.4
m/min each minute until volitional fatigue. Exercise dura-
tion from this protocol has been shown to correlate highly
(r = 0.92) with directly measured maximal oxygen uptake
in men (26). Patients were given verbal encouragement to
achieve a maximal effort during the test, and those that did
not achieve at least 85% of age-predicted maximal heart rate
were excluded from the analyses. To standardize exercise
test performance, we computed maximal metabolic equiv-
alent (1 metabolic equivalent = 3.5 mL O, uptake/kg/min)
levels of CRF based on the final treadmill speed and grade
27).

Smoking history was obtained from a standardized ques-
tionnaire and grouped categorically for analysis (never,
past, or current smoker). Chronic illness at baseline was
defined as the presence of 1) dyslipidemia based on a
history of physician-diagnosed high cholesterol or triglyc-
eride, or measured fasting total cholesterol =240 mg/dL, or
triglyceride =200 mg/dL, or high density lipoprotein <50
mg/dL; 2) diabetes based on a history of physician diagnosis
or insulin use, or measured fasting glucose =126 mg/dL; 3)
hypertension based on a history of physician diagnosis,
resting systolic blood pressure =140 or resting diastolic
blood pressure =90 mm Hg; 4) a history of physician di-
agnosed myocardial infarction or stroke; or 5) an abnormal
resting electrocardiogram. Men with previously diagnosed
cancer at baseline were excluded from the analyses.

Mortality Surveillance

Vital status was ascertained primarily using the National
Death Index. Cancer deaths were identified using the Inter-
national Classification of Diseases, ninth revision (codes
140-208) for deaths occurring before 1999 and 10th revi-
sion (codes C00-C97 for deaths during 1999 to 2003).

Statistical Analyses

We followed study participants for mortality from the
date of their examination to the date of death for decedents
or to December 31, 2003 for survivors. We computed man-
years of exposure as the sum of follow-up time among
decedents and survivors. There were 1037 cancer deaths
identified during an average of 17.2 %= 7.9 years of fol-
low-up and 660,652 man-years of exposure. Cox propor-
tional hazards regression analysis was used to estimate
hazard ratios (HRs) and 95% confidence intervals (CIs) of
cancer mortality according to exposure categories. In our
primary analysis, each adiposity exposure was grouped ac-
cording to fifths of the sample-specific distribution as de-
scribed above. CRF was grouped according to age-standard-
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Table 1. Baseline characteristics for all men and by vital status in 38,410 men who were followed an average
of 17.2 years: Aerobics Center Longitudinal Study, 1970 to 2003
Characteristic All Decedents Survivors

N 38,410 1037 37,373
Man-years exposure 660,652 16,592 644,060
Age (yrs) 438 +99 50.7 £ 9.2 43.6 = 9.8%
BMI (kg/m?) 26.5 3.8 26.5 35 26.5 +3.8
Waist circumferencet (cm) 94.2 = 10.8 96.6 = 10.8 94.1 = 10.8*
Percent body fat} 228 64 24.1 + 6.5 22.8 = 6.4%
Treadmill time (min) 176 =5.2 146 =49 17.7 £5.2*
Maximal METs 12225 10.1 =23 12.5 + 2.5%
BMI-defined weight groups (%)

Normal-weight (18.5 to 24.99 kg/m?) 38.5 36.5 38.6

Overweight (25 to 29.99 kg/m?) 46.8 48.8 46.7

Obese (=30 kg/m?) 14.5 14.7 14.5
Waist circumference =102 cm (%) 21.0 28.0 20.9*
Smoking status (%)

Never 47.8 314 48.3%

Past 33.7 39.3 33.6*

Current 18.5 29.3 18.1*
Chronic illness (%)$ 75.1 87.9 74.7%*

MET, metabolic equivalent. Data are mean =* standard deviation.
* p < 0.05 with decedents.

t Waist circumference: n = 27,881 (489 deaths).

1 Percent body fat: n = 36,885 (960 deaths).

§ Chronic illness was defined as the presence of 1) dyslipidemia (history of physician-diagnosed high cholesterol or triglyceride or measured
fasting total cholesterol >240 mg/dL, or triglyceride >200 mg/dL or high-density lipoprotein <50 mg/dL); 2) diabetes (history of physician
diagnosis or use of insulin or measured fasting glucose >126 mg/dL); 3) hypertension (history of physician diagnosis or resting systolic
blood pressure =140 or diastolic blood pressure =90); 4) prevalent cardiovascular disease (history of physician-diagnosed myocardial

infarction or stroke); or 5) an abnormal resting echocardiogram.

ized quintiles of maximal exercise duration as described
elsewhere (21). Multivariable analyses included age (years),
examination year, smoking status (never, past, current
smoker), and chronic illness at baseline (present or not).
These four factors will henceforth be referred to as covari-
ables. Tests of linear trends in mortality rates and risk
estimates across exposure categories were computed using
ordinal scoring. We also examined the joint associations of
adiposity and CRF exposures with cancer mortality. In these
analyses, adiposity exposure groups were based on stan-
dardized definitions for BMI (normal-weight 18.50 to
24.99, overweight 25.0 to 29.99, and obese =30 kg/m?),
WC (normal <102 and abdominal obesity =102 cm), and
percent body fat (normal <25% and obese =25%) (28).
CRF was grouped as fit and unfit based on the upper 80%
- and lower 20% of the age-standardized CRF distribution, as
previously reported in the ACLS (24). We assessed inter-
action among exposure groups using likelihood ratio tests of
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nested models. All p values are 2-sided, and p < 0.05 was
regarded as statistically significant.

Results

Baseline characteristics of the overall cohort and accord-
ing to vital status are presented in Table 1. On average,
decedents were older and had greater levels of adiposity,
lower CRF, and a higher prevalence of smoking and chronic
illness than survivors. With the exception of age, each of the
other baseline characteristics was significantly (p < 0.001
each) associated with categories of CRF (Table 2). Rates of
cancer mortality according to exposure groups are presented
in Table 3. Significant positive associations with cancer
mortality were seen across incremental categories of adi-
posity measures and of age (p for trend = 0.001 each).
Mortality rates also were significantly higher in current and
past smokers compared with non-smokers (p for trend
<€0.001) and in men who had chronic illness at baseline
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Table 2. Baseline characteristics by cardiorespiratory fitness quintiles for 38,410 men who were followed an

average of 17.2 years: Aerobics Center Longitudinal

Study, 1970 to 2003

Cardiorespiratory fitness quintiles

Characteristic 1 (low) 2 3 4 5 (high) p trend

N 7220 7820 7536 8009 7825
Man-years 138,624 139,857 130,373 128,945 122,853
Age (yrs) 436 +95 435+97 446x97 438100 435103 0.87
BMI (kg/m?) 293 +£5.1 271 +35 26330 255=*x27 243*23 <0.0001
Waist circumference (cm) 1043 £13.1 97898 949 =87 91780 86971 <0.0001
Percent body fat 27263 24756 23355 213*x54 18253 <0.0001
Treadmill time (min) 11.0 =27 14822 17.1+22 199%+23 244+30 <0.0001
Maximal METs 84+13 102+1.0 112x1.0 125=*1.1 149 =19 <0.0001
BMI-defined weight groups (%) <<0.0001

Normal-weight (18.5 to 24.99 kg/m?) 18.6 27.9 344 45.4 65.1

Overweight (25 to 29.99 kg/m?) 44.3 53.5 53.9 48.9 33.6

Obese (=30 kg/m?) 36.9 18.7 11.7 5.7 1.3
Waist circumference =102 cm (%) 54.6 32.2 20.6 104 2.5 <0.0001
Smoking status (%) <0.0001

Never 36.7 43.6 478 532 56.8

Past 31.7 32.8 34.5 343 353

Current 31.6 23.7 17.7 12.6 7.9
Chronic illness (%)* 91.8 83.6 77.9 68.6 55.1 <0.0001
Deaths (%) 4.4 2.8 24 1.9 1.5 <0.0001

MET, metabolic equivalent. Data are mean = standard deviation.
* Chronic illness was defined as the presence of 1) dyslipidemia (history of physician-diagnosed high cholesterol or triglyceride or measured
fasting total cholesterol >240 mg/dL, or triglyceride >200 mg/dL or high-density lipoprotein <50 mg/dL); 2) diabetes (history of physician
diagnosis or use of insulin or measured fasting glucose >126 mg/dL); 3) hypertension (history of physician diagnosis or resting systolic
blood pressure =140 or diastolic blood pressure =90); 4) prevalent cardiovascular disease (history of physician-diagnosed myocardial

infarction or stroke); or 5) an abnormal resting echocardiogram.

(p = 0.048). A significant inverse gradient of cancer mor-
tality rates was seen across incremental CRF categories
(p < 0.0001).

We next computed HRs and 95% Cls as measures of the
strength of association for adiposity and CRF exposure
categories with cancer mortality (Table 4). After adjusting
for covariables, HRs of cancer mortality across incremental
quintiles of CRF were 1.0, 0.71, 0.69, 0.73, and 0.53; p for
trend <0.0001. Further adjustment for BMI, WC, or percent
body fat had little effect on the pattern or strength of
association. Table 4 also shows the risk of cancer mortality
across quintiles of BMI, WC, and percent body fat. When
adjusted for covariables, a significant trend for higher mor-
tality risk was seen across incremental levels of BMI
(HRs = 1.0, 1.23, 1.09, 1.31, and 1.60; p for trend
<0.0001), WC (HRs = 1.0, 1.02, 0.95, 1.19, and 1.51; p for
trend = 0.001), and percent body fat (HRs = 1.0, 1.23,
1.13, 1.16, and 1.41; p for trend <0.01). After further

adjustment for CRF, mortality risk was attenuated across
BMI and WC levels and was no longer significant across
levels of percent body fat (p = 0.81). Restricting the anal-
yses to men who had at least 3 years of follow-up did not
materially change the strength or patterns of the above
associations (data not shown). Furthermore, restricting anal-
yses on BMI and cancer mortality to only non-smokers and
only apparently healthy men did not strengthen the CRF-
adjusted association between BMI and mortality (data not
shown).

To place our findings into a more clinically relevant
perspective, we jointly regressed mortality rates on adipos-
ity and CRF exposures grouped according to standardized
definitions (Figures 1 to 3). Cancer mortality rates were
significantly lower in fit compared with unfit men within
each stratum of adiposity exposure, including men with
BMI-defined obesity and with abdominal obesity. As shown
in Figure 1, cancer mortality rates (per 10,000 man-years)
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Table 3. Rates of cancer mortality according to exposure groups in 38,410 men followed an average of 17.2
years: Aerobics Center Longitudinal Study, 1970 to 2003

Man-years Deaths Rate* (per 10,000 man-years)
BMI (kg/m?) quintiles
<235 145,625 176 12.3
23.50 to 25.10 139,467 223 152
25.11 to 27.00 153,020 230 14.1
27.01 to 29.80 109,263 185 17.1
>29.80 115,140 223 21.1
p linear trend <0.0001
Waist circumferencef (cm) quintiles
<85.00 74,280 59 10.2
85.00 to 90.80 91,873 94 10.7
90.81 to 95.90 81,703 88 10.3
95.91 to 102.00 75,885 111 13.4
>102.00 77,365 137 16.7
p linear trend <0.0001
Percent body fati quintiles
<17.50 136,375 142 12.6
17.50 to 21.50 131,718 189 15.6
21.51 to 24.60 122,186 182 14.8
24.61 to 28.00 117,426 194 15.5
>28.00 116,095 253 18.9
p linear trend <0.001
Treadmill time§ (min) quintiles
<13.50 138,624 314 219
13.50 to 16.10 139,978 216 153
16.11 to 19.00 130,373 203 14.6
19.01 to 22.30 128,945 185 153
>22.30 122,853 119 10.7
p linear trend <0.0001
Age (yrs)
18 to 30 44,324 6 12
30 to 40 211,895 106 45
40 to 50 241,197 369 14.6
50 to 60 128,917 382 29.6
60+ 35,301 174 56.9
p linear trend <0.001
Smoking status
Never 301,169 326 11.6
Past 233,064 407 153
Current 128,474 304 25.8
p linear trend <0.001
Chronic illness
No 146,359 126 : 13.4
Yes 516,308 911 16.3
p difference 0.048

* Adjusted for age and examination year.

+ Waist circumference: n = 27,881 (489 deaths).

1 Percent body fat: n = 36,885 (960 deaths).

§ Quintiles of fitness were based on the distribution of treadmill exercise duration standardized to the following age groups: 18 to 39 years,
40 to 49 years, 50 to 59 years, and 60+ years in the overall Aerobics Center Longitudinal Study population of men. The tabulated values
reflect the average value for the men included in this analysis. The associated metabolic equivalent (MET) ranges for each fitness quintile
were <9.9, 9.9 to 10.8, 10.9 to 12.6, 12.7 to 14.0, and >14.0.
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Table 4. Risk of cancer mortality by quintiles of cardiorespiratory fitness, BMI, waist circumference, and percent body fat: Aerobics Center
Longitudinal Study, 1970 to 2003

Exposure quintiles

1 (low) 2 3 4 5 (high) p trend
Cardiorespiratory fitness
Adjusted for covariables* 1.00 (referent) 0.71 (0.60 to 0.85) 0.69 (0.58 to 0.83) 0.73 (0.61 to 0.89) 0.53 (0.43 t0 0.67) <0.0001
+ BMIt 1.00 (referent) 0.73 (0.62 to 0.88) 0.72 (0.60 to 0.87) 0.79 (0.65 t0 0.97) 0.59 (0.47 to 0.76) <0.001
=+ waist circumference} 1.00 (referent) 0.68 (0.52 to 0.90) 0.63 (0.48 to 0.85) 0.74 (0.56 to 0.99) 0.53 (0.38 to 0.75) 0.004
+ percent body fatt 1.00 (referent) 0.68 (0.57 to 0.83) 0.65 (0.54 t0 0.79) 0.70 (0.58 to 0.87) 0.50 (0.39 to 0.65) <0.0001
BMI
Adjusted for covariables 1.00 (referent) 1.23 (1.01 to 1.49) 1.09 (0.89 to 1.32) 1.31 (1.10 to 1.60) 1.60 (1.30 to 1.91) <0.0001
+ cardiorespiratory fitness 1.00 (referent) 1.19 (0.98 to 1.46) 1.03 (0.84 to 1.26) 1.20 (0.97 to 1.49) 1.40 (1.13 to 1.50) <0.01
Waist circumference
Adjusted for covariables 1.00 (referent) 1.02 (0.74 to 1.42) 0.95 (0.68 to 1.32) 1.19 (0.87 to 1.60) 1.51 (1.10 t0 2.18) 0.001
+ cardiorespiratory fitness 1.00 (referent) 0.98 (0.71 to 1.37) 0.88 (0.63 to 1.23) 1.07 (0.77 to 1.50) 1.25 (0.89 to 1.80) 0.09
Percent body fat
Adjusted for covariables 1.00 (referent) 1.23 (0.98 to 1.52) 1.13(0.90to 1.41) 1.16 (0.93 to 1.53) 1.41 (1.12 to 1.80) <0.01
+ cardiorespiratory fitness 1.00 (referent) 1.15(0.92 to 1.43) 1.00 (0.80 to 1.26) 0.98 (0.78 to 1.24) 1.11 (0.88 to 1.40) 0.81

Data are hazard ratio (95% confidence interval).
* Age, examination year, smoking status, and chronic illness at baseline.

+ BMI, waist circumference, and percent body fat were separately entered into a model with cardiorespiratory fitness and the covariables.
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Figure 1: Joint association of CRF and BMI with the age- and
examination year-adjusted rates of cancer mortality: ACLS, 1970
to 2003. Error bars represent standard error. Likelihood ratio test
for interaction, 2, df; = 0.43, p = 0.51. Numbers shown in bars
represent cancer mortality rates.

were significantly higher in unfit (20.3, 21.7, and 21.0,
respectively) than fit men (13.0, 15.2, and 15.9, respec-
tively) across incremental BMI categories (p = 0.01). As
shown in Figure 2, mortality rates were also significantly
higher in unfit (15.6 and 20.9, respectively) than fit men
(10.4 and 13.8, respectively) across incremental categories
of WC (p = 0.02). Finally, as shown in Figure 3, mortality
rates were significantly higher in unfit (19.6 and 25.0,
respectively) than fit men (12.2 and 16.3, respectively)
across incremental categories of percent body fat (p =
0.001). There was no statistical evidence of interaction
between CRF and the adiposity measures (BMI, x* df;

Figure 2: Joint association of CRF and waist circumference with
the age- and examination year-adjusted rates of cancer mortality:
ACLS, 1970 to 2003. Error bars represent standard error. Likeli-
hood ratio test for interaction, x*, df, = 0.07, p = 0.78. Numbers
shown in bars represent cancer mortality rates.
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Figure 3: Joint association of CRF and percent body fat with the
age- and examination year-adjusted rates of cancer mortality:
ACLS, 1970 to 2003. Error bars represent standard error. Likeli-
hood ratio test for interaction, x%, df, = 0.09, p = 0.77. Numbers
shown in bars represent cancer mortality rates.

043, p = 0.51; WC X2 df, = 0.07, p = 0.78; and, percent
body fat, x* df; = 0.09, p = 0.77).

Discussion

In the present study, rates of cancer mortality were pos-
itively associated with BMI, WC, and percent body fat. The
association persisted after adjusting for baseline differences
in age, smoking, and health status. However, further adjust-
ment for CRF attenuated the significant mortality risk as-
sociated with BMI to only men in the highest BMI quintile,
attenuated the association between cancer mortality and
WC, and eliminated the associations between cancer mor-
tality and percent body fat. CRF was inversely associated
with cancer mortality independently of several confounding
factors, including each of the adiposity measures. Based on
joint regression analysis, men with low CRF and high
adiposity experienced the highest rates of cancer mortality,
whereas men who were fit had lower rates of mortality than
their unfit peers, irrespective of adiposity levels. Our find-
ings are consistent with and expand on an earlier report
from the ACLS (11) and a more recent report on CRF, BMI,
and cancer mortality in the Lipid Research Clinics Mortality
Follow-up Study (14). In the Lipid Research Clinics Mor-
tality Follow-up Study, a significantly lower risk of cancer
mortality was seen only in men in the highest CRF quintile.
The somewhat different findings seen in the Lipid Research
Clinics Mortality Follow-up Study and the present study
may be explained, in part, by differences in the distribution
of CRF, BMI, and baseline health status among men in the
2 studies. In the present study, the reduction in cancer
mortality risk across quintiles of CRF was materially un-
changed after adjustment for BMI, WC, and percent body
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fat. Furthermore, cancer mortality rates were much lower
among fit vs. unfit men within each stratum of BMI, WC,
and percent body fat. These findings suggest that higher
CRF levels can significantly attenuate the association be-
tween adiposity and cancer mortality in men.

CREF is positively correlated to levels of physical activity.
There are many health benefits that result from physical
activity, some of which may explain the protective associ-
ation between CRF and cancer mortality that was seen in the
present study. For example, there is convincing evidence
that physical activity increases anti-tumor immune defenses
and antioxidant defenses. There is also convincing evidence
that levels of circulating insulin, insulin-like growth factors,
and glucose decrease while levels of insulin-like growth
factor-binding protein-3 increase as a result of physical
activity (29).

The mechanisms by which adiposity contributes to cancer
development may be similar to some of those that are
potentially associated with low levels of physical activity.
For instance, excess body fat has been shown to increase
circulating levels of insulin-like growth factors, insulin,
glucose, and sex hormones. Additionally, adipocytes pro-
duce estrogen and can store carcinogens (30,31).

An important point to consider when interpreting the joint
associations of CRF and measures of adiposity with cancer
mortality is the method in which CRF was grouped for this
analysis. Currently, there is not a widely accepted method of
defining CRF levels for use in clinical or public health
research. In the ACLS, we have standardized the definition
of low fitness (unfit) according to the bottom 20% of the
age-standardized distribution of maximal exercise duration
within the overall ACLS population; individuals in the
remaining 80% of the distribution are considered to be fit
(10,21). By our definition, it would thus seem that even
modest levels of CRF are associated with lower risk of
cancer mortality. For example, a 50- to 59-year-old man
would need to achieve a maximal metabolic equivalent
(MET) level of 8.9 or higher to qualify for the fit category.
This is equivalent to covering ~1.2 miles in the Cooper 12
Minute Run-Walk Test (32) or achieving a treadmill time of
~8.5 minutes on a standard Bruce Treadmill Test (27). This
level of CRF can be achieved by many, perhaps even most,
apparently healthy adults through moderate amounts and
intensities of regular physical activity such as brisk walking
(33). In a study comparing the effects of weight loss and
aerobic exercise training on coronary artery disease risk
factors in sedentary, obese middle-aged and older men,
Katzel et al. (34) showed a 17% mean increase (p < 0.001)
in maximal oxygen consumption in 49 subjects who com-
pleted 9 months of moderate aerobic training. In a super-
vised setting, subjects used treadmills and stationary bicy-
cles with an initial training load of 30 minutes, 3 days per
week at 50% to 60% of heart rate reserve. The group
progressed to performing 45 minutes of cycling, 3 days per
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week at 70% to 80% of heart rate reserve. The significant
increase in maximal oxygen consumption in the aerobic
training group occurred in the absence of weight loss, show-
ing that the increase in CRF was due to a true training effect
and not simply due to weight loss.

An issue that arises in prospective studies of apparently
healthy individuals is the possibility of undetected subclin-
ical disease at baseline. Including such individuals in the
present study could potentially confound the relation be-
tween CRF, adiposity, and cancer mortality because partic-
ipants with subclinical disease might also have lower exer-
cise test performance and higher levels of adiposity. In
contrast to most other epidemiological cohort studies on this
topic is the extensive baseline clinical examination includ-
ing a physician-given examination, detailed health history
interview, and other tests that make it less likely that unde-
tected subclinical disease was present in our study partici-
pants. When we performed additional analyses restricted
only to those men with three or more years of follow-up, the
primary findings were materially unchanged. This enhances
our confidence that our primary observations were not ex-
plained entirely by undetected disease at baseline.

Among the strengths of the current study is a large and
well-characterized cohort of men, an extensive follow-up
with a relatively large number of cancer deaths for analysis,
and the use of objective measures for CRF and adiposity
exposures. This study also has limitations. The cohort is
primarily white and from middle to upper socioeconomic
strata; therefore, our findings must be cautiously interpreted
when generalized to other populations. However, the homo-
geneity of socio-demographic factors in our population
sample strengthens the internal validity of our findings by
reducing potential confounding by these issues. We did not
have sufficient data for dietary intake and medication use to
include in this analysis. Dietary intake is an important
determinant of cancer risk (3), and we hope to include a
measure of this important exposure in future studies. We did
not have more extensive information on smoking habits,
such as number of pack-years. Although it is possible that
residual confounding by smoking exists in the present anal-
yses, it is not likely to account for all of the observed
associations. We examined deaths from all types of cancer
in the present study. There is evidence that CRF and adi-
posity may differentially affect mortality risk associated
with specific cancers (7,13). At present, we were unable to
examine associations of CRF, adiposity, and cause-specific
cancer mortality. Future studies including work in the
ACLS cohort should attempt to address issues pertaining to
site-specific cancer mortality.

Our group has previously shown that CRF is a stronger
predictor than adiposity for all-cause (35) and cardiovascu-
lar disease mortality (24) in non-diabetic men as well as for
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all-cause mortality in men with type 2 diabetes (36). The
results of the current study underscore the need for health
professionals to place at least as much emphasis on enhanc-
ing physical activity as on weight management when coun-
seling individuals on healthy lifestyle habits that may lower
cancer mortality risk.

In summary, CRF is significantly and inversely asso-
ciated with cancer mortality in men. This association is
steep, graded, and relatively unchanged after adjustment
for adiposity. While each adiposity measure was signif-
icantly and directly associated with cancer mortality, this
association was attenuated or eliminated after adjustment
for CRF. When regressed jointly, mortality rates were
significantly lower in fit compared with unfit men within
stratum of standard clinical groupings for BMI, WC, and
percent body fat. These data suggest that attaining a
moderate to high level of CRF may attenuate some of the
cancer mortality risks associated with increased adipos-
ity. A strong emphasis should be placed on encouraging
sedentary individuals of all adiposity levels to become at
least moderately active, presumably thereby increasing
their CRF level to decrease the risk of cancer mortality.
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Cardiorespiratory Fitness, Adiposity,
and All-Cause Mortality in Women
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ABSTRACT

FARRELL, S. W, S. J. FITZGERALD, P. A. McAULEY, and C. E. BARLOW. Cardiorespiratory Fitness, Adiposity, and All-Cause
Mortality in Women. Med. Sci. Sports Exerc., Vol. 42, No. 11, pp. 20062012, 2010. Purpose: To determine the prospective asso-
ciations among cardiorespiratory fitness (CRF), different measures of adiposity, and all-cause mortality in women. Methods: A total of
11,335 women completed a comprehensive baseline examination between 1970 and 2005. Clinical measures included body mass index
(BMI), waist circumference (WC), waist-to-height ratio (W/HT), waist-to-hip ratio (W/Hip), percent body fat (%BF), and CRF quantified
as duration of a maximal exercise test. Participants were classified by CRF as low (lowest 20%), moderate (middle 40%), and high
(highest 40%) as well as by standard clinical cut points for adiposity measures. Hazard ratios (HR) were computed using Cox regression
analysis. Results: During a mean follow-up of 12.3 + 8.2 yr, 292 deaths occurred. HR for all-cause mortality were 1.0, 0.60, and 0.54 for
low, moderate, and high fit groups, respectively (P for trend <0.01). Adjusted death rates of overweight/obese women within each
adiposity exposure were somewhat higher compared with normal-weight women and approached statistical significance for BMI, %BF,
and W/HT (P = 0.08, P = 0.08, and P = 0.07, respectively). When grouped for joint analyses into categories of fit and unfit (upper 80%
and lower 20% of CRF distribution, respectively), HR were significantly higher in unfit women within each stratum of BMI compared
with fit-normal BMI women. Fit women with high %BF (HR = 1.0), high WC (HR = 0.9), and high W/HT (HR = 1.2) had no greater risk
of death compared with fit-normal-weight women (referent). Conclusions: Low CRF in women was a significant independent predictor
of all-cause mortality. Higher CRF was associated with lower mortality within each category of each adiposity exposure. Using
adiposity measures as predictors of all-cause mortality in women may be misleading unless CRF is also considered. Key Words: BODY
MASS INDEX, WAIST CIRCUMFERENCE, PERCENT BODY FAT, WAIST-TO-HEIGHT RATIO, WAIST-TO-HIP RATIO
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verweight is an increasingly prevalent disorder in

the United States and elsewhere. According to

recent body mass index (BMI) data from the
National Health and Nutrition Examination Survey, the
prevalence of overweight (BMI > 25 kg'm~2) for US female
adults is estimated to be 62% (23). Recent data from the
Behavioral Risk Factor Surveillance System show the
prevalence of obesity (BMI > 30 kg'm ™) among US adults
to be >30% in several states.

Various measures of adiposity such as BMI, waist-to-hip
ratio (W/Hip), waist circumference (WC), and waist-to-height
ratio (W/HT) have shown overweight to be associated with
increased cardiovascular morbidity (25,30,32) and mortality
(9,17,18,21,26,28,30,32), as well as increased all-cause
mortality (9,14,16,21,26) for women in several prospective
studies. Although some studies have investigated associa-
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tions of multiple measures of adiposity with all-cause
mortality (9,14,16), none of these measured cardiorespiratory
fitness (CRF) level. Because low CRF is an important
independent predictor of all-cause mortality in women
(3,4,8,12,22), failure to adjust for CRF potentially confounds
the relationship between levels of adiposity and mortality.
Failure to measure CRF may be due in part to an underly-
ing assumption that all overweight individuals are unfit,
an assumption that is not always valid. Earlier, our group (8)
examined the relation of CRF and BMI to all-cause mortality
in women who were enrolled in the Cooper Center Longi-
tudinal Study (CCLS). We found that approximately 25% of
women with class Il obesity (BMI = 35-39.9 kg'm™2) had a
moderate to high level of CRF. In these same analyses, CRF
was strongly and inversely associated with all-cause mortal-
ity; however, BMI was not significantly associated with
mortality after adjustment for CRF. Using a subset of CCLS
women who had either impaired fasting glucose or undiag-
nosed diabetes mellitus at baseline, Lyerly et al. (20) recently
reported on the independent and joint associations among
CRF, BM]I, and all-cause mortality. Moderate and high levels
of CRF were associated with a significant reduction in risk of
all-cause mortality, relative to low levels of CRF. Before and
after adjustment for CRF, BMI was not a significant predictor
of all-cause mortality in women with impaired fasting glu-
cose or undiagnosed diabetes mellitus. The present study
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expands on these findings by using a much larger sample of
women who were apparently healthy at baseline and by using
multiple measures of adiposity. Thus, the purpose of the pre-
sent study was to extend previous observations by simul-
taneously quantifying the associations of CRF and different
clinical measures of adiposity with all-cause mortality in a
large cohort of adult women.

METHODS

Study participants and measurements. The CCLS
is an updated continuation of the previously described
Aerobics Center Longitudinal Study (3). The CCLS in-
cludes mortality data collected through 2006, as well as
additional clinical variables. Briefly, the aim of the CCLS
was to examine prospectively the relation of physical ac-
tivity and physical fitness to health in men and women.
Participants in the present study included 11,335 women
who completed a baseline comprehensive medical exami-
nation at the Cooper Clinic in Dallas, TX, during the
interval between 1970 and 2005. All participants were US
residents, and the majority of women were white and from
the middle to upper socioeconomic strata. After receiving
written informed consent from each participant, a clinical
evaluation was performed and included an examination by
a physician, fasting blood chemistry assessment, personal
and family health history, anthropometry, resting blood pres-
sure and ECG, and a maximal graded treadmill exercise test.
A standard physician’s scale and stadiometer were used to
measure weight and height. BMI was calculated as weight in
kilograms divided by height in meters squared. We catego-
rized women as normal weight (BMI = 18.5-24.9 kg'm ™ 2) or
overweight/obese (BMI > 25 kg'm™?). WC was measured at
the umbilicus using a cloth tape measure. A WC of <88 cm
was categorized as normal, whereas a WC of >88 cm was
categorized as high. The W/HT was calculated by dividing
the WC by height. A W/HT of <0.5 was categorized as
normal, whereas a W/HT of >0.5 was categorized as high.
We estimated %BF using a generalized equation for the sum
of seven skinfolds (13). A %BF of <30% was categorized
as normal, whereas a %BF >30% was categorized as high
(5). Because hip circumference measurement was not
included as part of the physical examination until the mid
1980s, only a subset of women (n = 7653) in the cohort
underwent measurement of both waist and hip circum-
ferences. The W/Hip ratio was calculated by dividing the
WC by the hip circumference. A W/Hip ratio of <0.75 was
categorized as normal, whereas a W/Hip ratio of >0.75 was
categorized as high.

CRF was quantified as the duration of a maximal tread-
mill exercise test using the modified protocol of Balke
and Ware (2) as previously described (3). Exercise dura-
tion from this protocol has been shown to correlate highly
with directly measured maximal oxygen update in women
(24). All participants were encouraged to provide a maxi-
mal effort performance, and those who did not achieve

at least 85% of age-predicted maximal heart rate were
excluded from the analyses. To standardize exercise test
performance, we used standard equations to compute maxi-
mal metabolic equivalent (1 MET = 3.5 mL O, uptakekg ™!
body weight'min~?) levels of CRF on the basis of the final
treadmill speed and grade (1).

Cooper Clinic laboratory technicians analyzed blood chem-
istry using automated techniques. This laboratory participates
in and meets quality control standards of the Centers for
Disease Control and Prevention Lipid Standardization Pro-
gram. All procedures were administered by trained techni-
cians who followed standardized procedures. The CCLS
undergoes annual review and approval by the institutional
review board of The Cooper Institute.

All women completed a thorough medical history ques-
tionnaire that consisted of a comprehensive review of sys-
tems. From this questionnaire, an absence of a history of
physician-diagnosed myocardial infarction, high blood pres-
sure, stroke, diabetes, or cancer, along with normal resting
and exercise treadmill ECG responses, was used to define
“apparently healthy” status.

Mortality surveillance. We observed study partici-
pants for mortality from the date of their baseline exami-
nation to the date of either death or survival up to December
31, 2006. The National Death Index was used to ascertain
vital status. The National Death Index has a sensitivity of
96% and a specificity of 100% for determining deaths in
the general population (27). Once we identified possible
decedents, Departments of Vital Statistics in the appropriate
states were contacted, and official copies of death certif-
icates were requested. We compared information on the
death certificates with clinical records to confirm that the
death certificate matched the individual. A nosologist coded
the underlying and potentially four other contributing
causes of death according to the International Classification
of Diseases, Ninth and Tenth Editions, Revised.

Statistical analyses. We computed woman-years of
exposure as the sum of follow-up time among decedents
and survivors. There were 292 deaths identified during an
average of 12.3 £ 8.2 yr of follow-up and 138,537 total
woman-years of exposure. We first compared descriptive
characteristics of women according to vital status and CRF
level. Next, we calculated adjusted all-cause mortality rates
per 10,000 woman-years of observation across low,
moderate, and high CRF categories, categories of different
adiposity measures, and smoking and health status.

We used Cox proportional hazards regression to calculate
multivariable adjusted hazard ratios (HR) for all-cause mor-
tality. These models included age (yr), examination year,
smoking status (current, former, or never), and health status
(apparently healthy or not). These four factors will sub-
sequently be called covariables. Separate models were then
calculated for CRF as well as each adiposity parameter
(BMI, W/HT, WC, and %BF). Because of the limited
amount of follow-up and the relatively small number of
deaths (n = 70) in the subset of women who had values for
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W/Hip, this adiposity exposure was not included in the
multivariate mortality analyses.

We also examined the joint association of the various
adiposity exposures and CRF exposure with all-cause
mortality. In these analyses, adiposity exposure groups
were based on standardized definitions mentioned previ-
ously. CRF was grouped as fit and unfit on the basis of the
upper 80% and lower 20% of the age-standardized CRF
distribution, as previously reported in the CCLS (19).

The 95% confidence intervals (CI) around all risk estimates
were also calculated. To avoid bias from undetected illness
at baseline, all analyses were performed after excluding
those who had <1 yr of follow-up. All P values are two-
sided, and P < 0.05 was regarded as statistically significant.
We conducted all data analyses using SAS 9.1 statistical
software (SAS Institute, Inc., Cary, NC).

RESULTS

Baseline characteristics of the cohort according to vital
status are presented in Table 1. On average, decedents were
older, had a higher %BF, had lower CRF levels, had a
higher prevalence of smoking, and had a higher alcohol
intake than survivors (P < 0.05). Higher values for decedents
than survivors were also seen for W/HT and W/Hip; these
differences approached statistical significance (P = 0.07 and
P = 0.05, respectively). Baseline characteristics of the co-
hort across CRF categories are presented in Table 2. Each of
the baseline characteristics was significantly associated with
categories of CRF. Higher levels of CRF were strongly asso-
ciated with more favorable risk status (P for trend <0.001).

Adjusted rates of all-cause mortality according to expo-
sure groups are presented in Table 3. There were no signifi-
cant differences in mortality rates seen between categories
of WC. Differences in mortality rates between women with
a high BMI, %BF, or W/HT compared with those with a
normal BMI, %BF, or W/HT approached statistical signif-
icance (P = 0.08, P = 0.08, and P = 0.07, respectively).
Mortality rates were significantly higher in current smokers
compared with nonsmokers (45.5 and 18.4 deaths per
10,000 woman-years, respectively, P < 0.001). A significant
inverse trend of all-cause mortality rates was seen across

TABLE 1. Baseline characteristics® on the basis of vital status in 11,335 women
(CCLS, 1979-2006).

Survivors Decedents P

n 11,043 292

Follow-up (yr) 122+84 148+7.0 <0.001
Age (yr) 448 +10.2 53.4 +10.9 <0.001
BMI (kgm™2) 23.7+42 235+3.6 0.92
WC (cm) 74.4 107 74.8 101 0.16
WHT 0.45 + 0.06 0.46  0.06 0.07
%BF 26.2 + 6.3 291 +6.0 <0.001
W/Hip 0.77 £ 0.10 0.78 + 0.06 0.05
CRF (METs) 9.7 =21 8220 <0.001
Healthy (%) 776 76.4 0.61
Current smoker (%) 8.1 18.2 <0.001
Alcohol (drinks per week)” 0 (0-1) 2 (0-7) <0.001

TABLE 2. Baseline characteristics on the basis of CRF level in 11,335 women (CCLS,
1979-2006).

Lew Fit Moderate Fit High Fit P

n 1068 3679 6588

Follow-up (yr) 144 +9.0 133 +88 11379 <0.001
Age (yr) 444+102 450+105 451+102  0.05
BMI (kgm?) 282+6.3 24644 22528 <0.001
WC (cm) 844+141 766+108 716+84  <0.001
W/HT 052+008 046007 043+0.05 <0.001
%BF 32652 28854 237 5.7 <0.001
WHip? 0.81+£007 078+012 0.76+0.09 <0.001
BMI > 25 kgm™2 (%) 61.8 36.9 15.7 <0.001
WC = 88 cm (%) 38.2 147 4.8 <0.001
WHT > 0.5 53.8 26.2 9.6 <0.001
%BF > 30 (%) 7.8 43.8 14.8 <0.001
CRF (METs) 6.6+08 84+10 10917  <0.001
Healthy (%) 69.8 756 80.0 <0.001
Current smoker (%) 14.4 11.0 6.1 <0.001
Alcahol (drinks per week) 0(0-1) 0(0-2) 0 (0-1) 0.02

2 p = 7653. All other measures were performed on the entire cohort of 11,335 wamen.

incremental CRF categories (34.7, 20.2, and 18.8 deaths per
10,000 woman-years for low, moderate, and high fit women,
respectively, P < 0.001).

Results of multivariate analyses are presented in Tables 4a
and 4b. In Table 4a, after adjusting for covariables and
using the low CRF group as the referent, HR for moderate
and high CRF groups were 0.60 and 0.54, respectively
(P < 0.001). Further adjustment for BMI, W/HT, WC, and
%BF in separate models had little effect on the pattem or
strength of association. In Table 4b, before and after
adjustment for CRF, none of the adiposity exposures had a
significant association with all-cause mortality. In Table 5,
we present the MET levels for low, moderate, and high CRF
categories by age group.

To place our findings into a more clinically relevant per-
spective, we jointly regressed mortality rates on adiposity
and CRF exposures grouped according to standardized def-
initions (Figs. 1-4). As shown in Figure 1, HR across incre-
mental BMI categories of normal, overweight, and obese
were significantly higher in unfit (1.5, 1.9, and 2.5, re-
spectively) than fit women (1.0, 1.1, and 0.5, respectively;

TABLE 3. Adjusted? rates of all-cause mortality according to exposure groups in 11,335
women (CCLS, 1979-2006).

Rate/10,000
Woman-Years Deaths Woman-Years’ P
BMI category
Normal weight 107,614 214 19.9 0.08
Overweight/obese 30,923 78 25.1
Normal WC 127,054 262 26.3 0.21
High WC 11,483 30 20.6
Normal %BF 96,563 158 21.0 0.08
High %BF 41,974 134 213
Normal W/HT 117,495 231 201 0.07
High WHT 21,041 61 26.5
CRF
Low 15,365 64 347 <0.001
Moderate 48,935 110 20.2
High 74,237 118 18.8
Healthy 114,216 223 209 0.80
Unhealthy 24,321 69 217
Nonsmoker 124,923 239 18.4° P <0.001
Current smoker 13,613 53 455

@ Mean + SD, unless indicated.
5 Median (25th-75th percentile).

 Adjusted for age, examination year, smoking status, and baseline health status.
b Adjusted for age, examination year, and baseline health status.
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TABLE 4a. Risk of mortality according to CRF and body composition groups in 11,335 women (CCLS, 1979-2006).

HR? (5% GI) HR? (35% C1) HR® (35% Cl) HRY (95% Gl HR* (95% CI)
CRF
Low fit 1.0 1.0 1.0 1.0 1.0
Moderate fit 0.60 (0.44-0.82) 0.61 (0.44-0.84) 0.61 (0.45-0.84) 0.60 (0.44-0.83) 0.61 (0.44-0.83)
High it 0.54 (0.40-0.75) 0.57 (0.41-0.79) 0.57 (0.41-0.80) 0.55 (0.40-0.77) 0.56 (0.40-0.79)

2 Adjusted for age, examination year, current smoking status, and health status.
5 Model 1 + BMI.

°Model 1 + W/HT.

 Model 1 + WC. -

¢ Mode! 1 + %BF.

P < 0.05). In addition, fit-overweight (HR = 1.1) and fit—
obese (HR = 0.5) women were no more likely to die than
their fit-normal-weight BMI counterparts (referent). As
shown in Figure 2, HR across incremental WC categories
were significantly higher in unfit (HR = 1.7 and 2.0, respec-
tively) than in fit-normal-WC women (referent), P < 0.006.
In addition, fit-high-WC women were no more likely to die
(HR = 0.9) than their fit-normal-WC counterparts. As shown
in Figure 3, HR were not significantly different between fit
(referent) and unfit (HR = 1.4) women within the normal
%BF category; however, there was a significant difference
between unfit-high %BF women (HR = 2.0) and fit-normal-
%BF women (P < 0.001). In addition, fit-high-%BF women
were no more likely to die (HR = 1.0) than their fit-normal-
%BF (referent) counterparts. Finally, as shown in Figure 4,
HR across incremental W/HT categories were significantly
higher in unfit (HR = 1.8 and 1.9, respectively) than in fit—
normal-W/HT women (referent), P < 0.004. In addition, fit—
high-W/HT women were no more likely to die (HR = 1.2)
than their fit-normal-W/HT counterparts.

DISCUSSION

To our knowledge, this is the first study that has examined
an objective measure of CRF, multiple clinical measures of
adiposity, and all-cause mortality in apparently healthy adult
women of varying ages. CRF was strongly and inversely as-
sociated with all-cause mortality independently of several
confounding factors, including the adiposity measures. Rates
of all-cause mortality were significantly lower in fit-normal-
BMI women than in unfit women within each stratum of

TABLE 4b. Risk of mortality according to body composition groups in 11,335 women
(CCLS, 1979-2006).

Model 17 Madel 2°
HR (95% CI) HR (95% CI)

BMI

Overweight 1.0 1.0

Normal weight 0.79 (0.61-1.03) 0.90 (0.68-1.19)
W/HT

High 1.0 1.0

Normal 0.76 (0.57-1.02) 0.87 (0.64-1.19)
WeC

High 1.0 1.0

Normal 0.94 (0.63-1.40) 0.94 (0.63-1.41)
%BF

High 1.0 1.0

Norma! 0.91 (0.71-1.17) 0.92 (0.71-1.18)

2 Model 1 adjusted for age, examination year, current smoking status, and health status.
5 Model 2 adjusted for all variables in mode! 1 plus CRF.

BMI. In addition, fit women with high BMI, %BF, high WC,
and high W/HT had no greater risk of death compared with
their fit-normal counterparts.

Data on the joint effects of adiposity and CRF on mor-
tality are sparse, as objective measures of CRF (i.e., max-
imal treadmill exercise testing) and data on %BF or W/HT
are not widely available. Stratifying adiposity by CRF per-
mits more rigorous analyses of combined subgroups than
adjustment for either variable alone. The joint associations
observed between various measures of adiposity, CRF, and
all-cause mortality in women in the current study are some-
what difficult to compare with other studies. Using data
from the National Institutes of Health-AARP Diet and
Health Study, Koster et al. (17) found that high levels of
physical activity (>7 hwk™ ") significantly attenuated, but
did not eliminate, the increased mortality risk associated
with obesity as measured by BMI and WC. In the Nurses’
Health Study, Hu et al. (11) found that, although higher
levels of physical activity (3.5 h-wk™') did not eliminate
excess mortality associated with obesity as measured by
BMI, mortality rates were lower in highly active women
than inactive women within each stratum of BMI. Similar
results were seen by Weinstein et al. (30) during a prospec-
tive study of 38,987 participants in the Women’s Health
Study. A major difference between the CCLS and the
aforementioned studies is the use of objectively measured
CRF levels in the former and the use of self-reported
physical activity in the latter. It has been reported in the
literature that the correlation between self-reported physi-
cal activity and CRF is quite modest, ranging between 0.3
and 0.4 (31).

With regard to using an objective measure of baseline
CRF and subsequent mortality, these results are in
agreement with a recent meta-analysis performed by
Kodama et al. (15). Using data from 33 eligible studies,
6910 cases of all-cause mortality were reported among
102,980 participants. A significant inverse trend in mortal-
ity was observed across low, intermediate, and high CRF

TABLE 5. MET levels by age group for low, moderate, and high CRF categories in
11,335 women (CCLS, 1979-20086).

Age Group Low CRF Moderate CRF High CRF
wr) (METs) (METs) (METs)
20-39 <8.2 8.2-10.3 >10.3
40-49 <73 7.3-9.3 >9.3
50-59 <6.3 6.3-8.1 >8.1
60+ <5.9 5.9-7.2 >7.2
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FIGURE 1—Joint association of CRF and BMI with the age and
examination year adjusted HR for all-cause mortality: CCLS women,
1979-2006. Error bars represent 95% CI.

groups. Unlike our present study, however, this meta-
analysis did not examine the effects of adiposity on
mortality and the joint associations among adiposity, CRF,
and mortality. Thus, we feel that our study adds significant
value to the existing literature regarding CRF and mortality.

An important point to consider when interpreting these
data is the method by which CRF was grouped for the
analysis. In the CCLS, we have standardized the definition
of low fit (unfit) as the bottom 20% of the age-standardized
distribution of maximal exercise duration within the over-
all CCLS population; individuals in the remaining 80% of
the distribution are defined as fit (19). Using this definition,
it is apparent that even modest levels of CRF are associated
with lower risk of all-cause mortality. For example, a 40- to

4.0
3.5
3.0 *p<0.006 compared to
Fit-Normal WC group
2.5
*
HR 20 T *
1.5
1.0 Unfit
e | e 1
i
0.5 -
n=9413 Fit Unfit
0 n=660 n=405
<88 >88
Normal High

Waist Circumference (cm)

FIGURE 2-—Joint association of CRF and WC with the age and
examination year adjusted HR for all-cause mortality: CCLS women,
1979-2006. Error bars represent 95% CI.
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FIGURE 3—Joint association of CRF and %BF with the age and
examination year adjusted HR for all-cause mortality: CCLS women,
1979-2006. Error bars represent 95% CI.

49-yr-old woman would need to achieve a maximal meta-
bolic equivalent (MET) level >7.3 to qualify for the fit
category. This is equivalent to covering 1.1 miles using the
Cooper 12-min run-walk test (6) or achieving a tread-
mill time of 7.5 min on a standard Bruce treadmill test.
This modest level of CRF can likely be achieved by most
apparently healthy women by performing moderate amounts
and intensities of regular aerobic activity such as brisk
walking. For example, Duncan (7) randomized 102 sedentary
women to one of four treatment groups: control, strollers,
brisk walkers, and aerobic walkers. The three intervention
groups progressively increased their distance and intensity
until they could walk 3 miles five times per week at an
assigned pace. Strollers, brisk walkers, and aerobic walkers
trained at 3, 4, and 5 mph, respectively. Maximal oxygen

4.0
35
*p<0.004 compared to
Fit-Normal Waist:Height
3.0 Ratio group
25
[ *
HR 20 * l
1.5 J [
Unfit
1.0 l{l;lfsi;s J- n=574
Fit | " Fit
0.5 n=8674 =494
0 <0.5 >0.5
Normal High
Waist:Height Ratio

FIGURE 4—Joint association of CRF and W/HT with the age and
examination year adjusted HR for all-cause mortality: CCLS women,
1979-2006. Error bars represent 95% CI.
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consumption was increased in a dose-response manner by
4%, 9%, and 16%, respectively.

An issue that arises in prospective studies of apparently
healthy individuals is the possibility of undetected subclin-
ical disease at baseline. Including such individuals in the
present study might confound the relationship among CREF,
adiposity, and all-cause mortality because individuals with
subclinical disease might have a lower treadmill test per-
formance and higher levels of adiposity. Because of the
extensive baseline health examination that was defined ear-
lier in our article, it is not likely that undetected subclinical
disease was present in a large number of our study partic-
ipants. In addition, we excluded all women with <1 yr of
follow-up, which enhances our confidence that our pri-
mary findings were not due solely to undetected disease
at baseline.

Among the strengths of the current study is a large and
well-characterized cohort of women, an extensive follow-up
with a relatively large number of all-cause deaths for analysis,
and the use of objective measures for CRF and several dif-
ferent adiposity exposures. Although BMI, WC, and W/HT
are proxy measures of body fatness, all were significantly
correlated with %BF (» = 0.73, r = 0.68, and r = 0.69,
respectively; data not shown).

This study also has limitations. The cohort is primarily
white and from the middle to upper socioeconomic strata;
therefore, our findings must be cautiously interpreted when
generalizing to other populations. This same limitation
strengthens the internal validity of our findings by reducing
potential confounding by these issues. Furthermore, median
levels of CRF in CCLS women are very similar to median
values recently reported using a representative sample of
US women (29). Additional limitations include the ab-
sence of more extensive information on smoking habits,
such as number of pack-years. Also, CCLS women are
leaner than the general population. Using BMI as the cri-
terion, the majority of our cohort (92%) was in the normal
weight or overweight category. Although approximately
5.3% (n = 625) of the cohort were in the class I obese
category, we have insufficient data to comment on the re-
lation among CRF, adiposity, and mortality for class II
(n=204) or class III (n = 76) obese women. In addition, we
are reporting only baseline data on adiposity exposures and
CRF. It is possible that changes in these exposures will
have occurred during the follow-up period, which, in turn,
may have influenced our results. Because all Cooper Clinic
patients received lifestyle counseling from their physician
after the examination, this could be seen as a form of
intervention. It is possible that fit individuals are more
receptive to lifestyle counseling than unfit individuals. If
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In summary, these findings confirm a protective role of
CRF on risk of all-cause mortality in women. Furthermore,
only a relatively modest level of CRF is necessary to obtain
significant protection. In the present study, a much greater
incremental reduction in mortality risk was achieved
comparing low to moderate CRF (~40% reduction) than
from comparing moderate to high CRF (~10% reduction;
Table 4a), supporting the premise that it may be possible to
achieve a sizable reduction in all-cause mortality simply by
encouraging women of low CRF levels, including those
who are obese, to achieve moderate CRF levels. It is very
likely that if women follow current public health guidelines
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levels of CRF can be achieved by a substantial proportion
of adult women (10).
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rates of all-cause mortality among fit-overweight/obese
women are not significantly different from mortality rates
of their fit-normal-weight counterparts. Physicians and other
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