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Appendix

Questions from the baseline and 1982 Coaper Clinic physical activity questionnaire,

“For the last 3 months, which of the following activities have you permrmed

regulariy?”

Walking

Joagging or Running

Treadmill

Bicycling (outdoors)

Stationary CGyeling

Swimming Laps

Aerobic Dance/Floor Exercises

Vigorous Racguet Sports

Other Vigorous Sports/Exercise

YES NO

How many workouts per week?
How many miles per workout?
Average duration of workout?
Average time per mile?

How many workouts per week?
How many rites per workout?
Average duration of workou?
Average time per mife?

How many workouts per wesk?
Average duration of workout?
Speed?  Grade?

How many workouts per weey?
How many roiles per workout?
Average duration of workout?
Average time per mile?

How many workouts per week?
Average duration of workout?
Heart rate during exercise?

How many workouts per wieek?
How many miles per workout?
Average duration of workeat?

How many months per year?

How many workouts per week? |
Average duration of workou!? |
Heart rate during exsrcise?

How many workouts per weei;?‘jb
Average duration of workou? ¢
How rmany workouls per s
Average duration of workou?
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Physical Activity and Physical Fitness as Predictors of All-Cause

Mortality in Korean Men

We examined the associations between physical activity (PA), fitness and all-cause
mortality and compared their contributions, taking smoking status into considera-
tion. A retrospective cohort study of 18,775 men was carried out between May 1995
and December 2003. Fitness was measured by maximum oxygen uptake and regu-
lar PA was defined as at least three times a week, for more than 30 min of leisure
time PA. During the mean 6.4 yr of follow-up, 547 deaths were recorded. The haz-
ard ratio (HR) (95% confidence interval [Cl]) of regular PA for all-cause mortality
was 0.63 (0.52-0.76). The HRs (95% Cis) for men with middle and highest tertile
levels of fitness were decreased by 0.58 (0.47-0.70) and 0.58 (0.45-0.75) in com-
parison to men with lowest one. The inverse association between fitness and mor-
tality was significant among the men who did not engage in regular PA, but not
among those who did (p for interaction=0.031). Smoking status did not influence
on the associations between regular PA, fithess and mortality. Our result suggest-
ed that regular PA and fitness predicted mortality in men. The influence of fitness
on mortality was pronounced in the men who did not engage in regular PA.
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INTRODUCTION

Physical inactivity is an important risk factor for all-cause,
cardiovascular (CV) and cancer mortality in both men and
women (1, 2). Epidemiologic evidences have shown strong
associations between physical fitness (fitness), measured by
maximal exercise testing, and survival from CV and non-CV
causes (1-4).

Fitness, a physiologic attribute, quantifies the ability of
the body to transport and use oxygen and is determined prin-
cipally by training status and, to some extent, by genetic pre-
disposition (5). Physical activity (PA) is a behavioral attribute
and comprises the energy expenditure from volitional or non-~
volitional activity throughout the day (5). Whereas fitness
can be directly and accurately quantified with graded exer-
cise tests, the measure of PA pattern has relied on cruder
methods, such as self-reports, motion detectors (i.e., Caltrac)
(6), or structured interviews (7). Although fitness is often
used as an indicator of PA, there has been recent debate as
to whether daily PA patterns largely determine one’s fitness
and therefore its inverse association with mortality, or whether
fitness level predicts mortality, independent of PA patterns
(8). Most of these issues have been evaluated in asymptomat-
ic Caucasians and other ethnic population (9-11) or patients
with existing cardiovascular disease (5). It has not been well
studied as to whether PA and fitness are independent deter-
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minants of all-cause mortality in Korean subjects.

Chronic smoking usually induces elevated myocardial
work and reduces exercise capacity and thus impairs overall
cardiopulmonary fitness (12). In addition, it is a well estab-
lished risk factor for mortality. Accordingly, chronic smok-
ing reduces one’s fitness level and therefore might influence
on the association between physical fitness and mortality.
Furthermore, there has beenr debate as to whether the bene-
ficial effects of physical activity are modified by the smoking
status (13, 14). Therefore, the aim of this study was to exam-
ine the association between fitness (measured by maximum
oxygen uptake [VOz max]) and all-cause mottality, indepen-
dent of regular PA or smoking status in Korean men.

MATERIALS AND METHODS
Subjects

We collected data for 19,410 men who had undergone
medical check-ups and graded exercise tests for obtaining
VO2 max at the Health Promotion Center at Seoul National
University Hospital from May 1995 to December 2003. Of
those, we excluded 148 subjects who had prior histories of
cancer N=78), stroke (N=44) or myocardial infarction (N=
26), and 487 subjects who had missing information on reg-
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ular PA. A total of 18,775 men were included in the final
analysis. The institution review board of Seoul National
University Hospital reviewed and approved the protocol,
retrospectively.

Baseline measurements

Information on age, education level, occupation, income,
smoking status, alcohol consumption, regular leisure time
PA (light moderate, or vigorous activities for more than 30
min at least three times 2 week) by a structured self-report-
ed questionnaire, supervised by trained nurse. Smoking sta-
tus were classified into 3 categories; cutrent, former, or never
smokers. Subjects who reported smoking at least one cigarette
per day at present time were classified as current smokers.
Non-smokers were defined as those who had never smoked.
Subjects who reported as not smoking currently but had
smoked ever were classified as former smokers. History for
alcobol drinking was evaluated by the subject’s reported aver-
age frequency (times per week) during the month before the
screening examination. Regular drinker was defined as drink-
ing alcoholic beverages at least once a week.

Height and weight were measured after an overnight fast
while the subject wore a lightweight gown. Blood pressure
was measured using an automated blood pressure device
(Jawon, Busan, Korea) after the subject had rested for at least
20 min in a sitting position. Blood samples were obtained
after an overnight fast of at least 12 hr for chemical analysis.
Hypertension was defined as systolic blood pressure > 140
mmHg or diastolic blood pressute =90 mmHg at baseline
examination, a reported history of previous hypertension, or
current uses of antihypertensive medication (15). Diabetes
was defined as fasting plasma glucose =126 mg/dL at enroll-
ment, a reported history of previous diabetes mellitus, or cur-
rent use of anti-diabetic agents.

Physical activity and physical fitness assessment

Leisure time PA was determined by assessing the results
of a self-administered questionnaire that included questions
regarding the subjects’ participation in any kind of regular
physical exercise or walking, the duration and the frequency
of each activity per week over a month prior to the exami-
nation. This process was supervised by a trained nurse, and
the subjects were encouraged to ask questions if they need-
ed further clarification on any question. The PA of each sub-
ject was confirmed by a doctor, face-to-face, just after the
completion of the self-administered questionnaire. Those
who reported engaging in leisure time PA once a week or
more were asked about the average duration and intensity
(light, moderate or vigorous) (16) of the activity. In this study,
PA was classified into two categories: reguler PA, defined as
leisure time PA engaged in any intensity of PA for 30 min
at least three times a week, and no regular PA group.

M.-S. Park, S.-Y. Chung, Y. Chang, et al.

Graded exercise tests were performed on a cycle ergome-
ter (Cateye Ergociser, EC 1600, Osaka, Japan), and VO, max
was estimated by a skilled examiner in order to evaluate the
subject’s physical fitness level. The subjects exercised to a car-
diac frequency of 85% of their predicted maximum until
stopping due to dyspnea, fatigue, chest pain or systolic blood
pressure greater than or equal ro 250 mmHg (17).

Mortality ascertainment

Participants were followed for mortality from baseline
examination until death for decedents or until December
31, 2005 for survivors. Death was ascertained through record
linkage with the national death certificate files in Korea. Fol-
low-up for deaths was more than 98% complete (18). For
all deaths, a computerized search of death certificate data
from the National Statistical Office in Korea was petformed
using personal identification numbers assigned at birth. In-
ternational Classification of Diseases (ICD) 10th Revision
was used for coding the cause of death. Cardiovascular death
was defined with codes 100-99 and cancer death was defined
with codes C00-C97 (19) at the hospitals.

Table 1. Baseline characteristics of the study subjects accord-
ing to the regularity of physical activity

Regular PA° Noregular PA
(N=7,157)  (N=11g1g) Pvaue
Age (yr) 58.3(10.8) 540(11.00) <0.001
BMI (kg/m?) 24.3(2.63) 240(2.98)  <0.001
Smoking* <0.001
Never 1,560 (22.0) 1,968 (17.1)
Former 2,963 (41.8) 2,997 (26.0)
Current 2,569 (36.2) 6,572 (57.0)
Regular drinker* 5185(72.7)  8,129(70.8) 0.004
Total cholesterol (mg/dL) 200.3(34.29) 199.4(36.66) 0.102
Glucose (mg/dL) 103.2(27.75) 101.0(28.22) <0.001
Triglyceride (mg/dL) 1456(110.4) 1626(1157) <0.001
Diagnosis of hypertension* 3,004 (42.0) 4,042 (34.8) <0.001
Diagnosis of diabetes* 957 (13.5) 1,162 (10.1) <0.001
V02 max (mbL/kg/min)* 26,0(15.46)  23.8(10.34) <0.001
Low 2541(355)  4,246(38.7)
Moderate 2,114(295)  3,085(28.1)
High 2502(35.0) 3,639(33.2)

Data are mean (SD), frequency (%).

Chi-square test or Student's t-tests were used (missing information for
smoking status=144).

VO: max was categorized as low (VO: max <22 mlfkg/min), moderate
(23 mlkg/min <VO: max <239 mlL/kg/min) and high (VO: max =30
mb/kg/min).

Regular drinker means the men drinking alcoholic beverages at least
once a week.

V02 max, maximum O: uptake measured by graded exercise test with
bicycle ergometer. Regular physical activity (PA) means ‘engaging in
light, moderate or vigorous activities for at least 30 min more than three
times a week.'

PA, physical activity; BMI, body mass index.
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Statistical analysis

SPSS for Windows 12.0 was used for statistical analysis.
All analyses were performed after excluding the subjects who
died during the first two years of follow-up. The chi-square-
tests or Student’s t-tests were used to analyze the statistical
differences between the characteristics of the study partici-
pants according to PA. Cox proportional hazard models were
used to calculate the adjusted hazard ratios (HRs) with 95%
confidence intervals (CIs) in model for all-cause mortality.
Physical fitness level was first classified into tertile in total
subjects: low (VO: max <22 mlL/kg/min), moderate (23
ml/kg/min <VO: max <29 ml/kg/min) and high (VO:
max > 30 mL/kg/min). Then, fitness was divided into tertile
separately according to the regular or no regular PA groups:
low (VO2 max <23 mL/kg/min), moderate (24 mL/kg/min
<VO: max <29 ml/kg/min) and high (VO2 max =30
mL/kg/min) in the regular PA group; low (VO: max <22
ml/kg/min), moderate (23 ml/kg/min <VO: max <28
mlL/kg/min) and high (VO2 max 229 ml/kg/min) in the
no regular PA group. Stratified by the regularity of PA, all-
cause, CV and cancer mortality at the different levels of fit-

15

ness (by each tertile increase) were estimated after adjusting
for age, study year, body mass index (BMI), total cholesterol,
alcohol consumption, smoking status (never, former, or cut-
rent) and diagnosis of hypertension or diabetes.

We also examined stratified analyses according to the cat-
egories of smoking status in the multivariate analyses to exam-
ine whether the associations between regular PA, fitness and
mortality were modified by smoking status. p values are 2-
sided, and p<0.05 was considered to be statistically signifi-

~cant.

RESULTS

During the mean follow-up pertiod of 6.4 yr, 547 deaths
were recorded, of which 262 (47.9%) were due to cancer and
101 (18.5%) were due to CV disease. The characteristics of
the study subjects according to PA status at baseline were
compared (Table 1). The mean (SD) age of the study partici-
pants was 55.7 (11.1) yr, and the mean.(SD) VO: max of the
subjects in the regular PA group was 26.0 (15.5) mL/kg/
min and that of the subjects in the no regular PA group was

Table 2. Multivariate hazard ratios (HRs) (95% ClI ) of all-cause, CV and cancer mortality among men

Variables All-cause mortality CV mortality Cancer Mortality
HR (95% CI) HR (95% CI) HR (95% CI)
Age 1.08 (1.07-1.09) 1.11(1.09-1.13) 1.08 (1.06-1.09)

BMI (per 1- unit increment)

Cholesterol (per 1 mg/dL increment)

Regular physical activity
No
Yes
Regular drinking
No
Yes
Smoking
No
Former
Current
Diagnosis of hypertension
No
Yes
Diagnosis of diabetes
No
Yes
VO: max
Low
Moderate
High

0.96 (0.93-1.00)
1.00 (0.99-1.00)

1
0.63 (0.52-0.76)

!
0.75 (0.63-0.90)

1
1.25 (0.96-1.64)
1.97 (1.52-2.55)

1
1.44 (1.20-1.72)

1
1.30 (1.04-1.61)

.
058 (0.47-0.70)
058 (0.45-0.75)

0.97 (0.93-1.01)
1.01(1.00-1.01)

1
0.42 (0.27-0.68)

1
0.78(0.52-1.18)

1
092 (0.47-1.98)
1.44 (0.85-2.43)

1
2.27 (1.48-3.48)

1
1.16 (0.70-1.93)

’
0.47 (0.29-0.77)
0.64 (0.35-1.19)

0.94 (0.89-0.99)
1.00 (0.99-1.00)

1
0.72(0.55-0.94)

1
0.73(0.57-0.94)

|
2.08(1.34-3.25)
3.00(1.94-4.63)

1
1,26 (0.97-1.63)

1
1.48 (1.09-2.02)

1
0.80 (0.45-0.80)
0.52(0.36-0.76)

Regular physical activity (PA) means ‘engaging in light, moderate or vigorous activities for at least 30 min more than three times a week.’

VO. max was categorized as low (VO max <23 ml/kg/min), moderate (24 mi/kg/min <V0z: max <29 mlL/kg/min) and high (VO:max =30 mLkg/min)
in the regular PA group and low (VO: max <22 mbLkg/min), moderate (23 mlkg/min <VOz: max <28 mlL/kg/min) and high (VO:max =29 mlL/kg/min)

in the no regular PA group.

Regular drinking means drinking alcoholic beverages at least once a week.

VOamax, ~; maximum O= uptake measured by graded exercise test with bicycle ergometer; Cl, confidence interval; CV, cardiovascular, BMI, body

mass index.
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23.8 (10.3) mL/kg/min. The subjects who engaged in regu-
lar PA were older and had higher fasting glucose levels and
a lower prevalence of current smoker in comparison to those
who did not.

The effects of regular PA and physical fithess on mortality

The adjusted HR (95% CI) of regular PA for all-cause mot-
tality was 0.63 (0.52-0.76). The HRs (95% CI) of all-cause
mortality for the men with moderate and high levels of fitness
decreased to 0.58 (0.47-0.70) and 0.58 (0.45-0.75), respec-
tively, in comparison to the men with a low level of fitness.
Engaging in regular PA and higher level of fitness also reduc-
ed CV and cancer mortality. The HRs (95% CI) of men who
engaged in regular PA was 0.42 (0.27-0.68) for CV mortal-
ity and 0.72 (0.55-0.94) for cancer mortality. The adjusted
HRs (95% CI) in men with moderate and high levels of fit-
ness, using men with a low level of fitness as reference, were
0.47 (0.29-0.77) and 0.64 (0.35-1.19) for CV mortality and
0.60 (0.45-0.80) and 0.52 (0.36-0.76) for cancer mortality,
respectively. Diagnosis of hypertension or Diabetes, BMI,
smoking status and alcohol consumption were also signifi-
cantly related to mortality (Table 2).

Combined effect of regular PA and fitness on mortality

The association between fitness and mortality was signifi-
cantly stronger among the men who did not engage in reg-
ular PA than those who did (¢ for interaction=0.031 for all-
cause mortality, table not shown). When stratified by regu-
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larity of PA, the men in higher level of fitness did not show
significant reduction of the HRs for total mortality and CV
muortality (¢ for trend=0.15 for total mortality, p for trend=
0.63 for CV mortality) compared to men in the lowest level
of fitness. Cancer mortality decreased significantly in men
with higher level of fitness in the regular PA group (» for
trend=0.037) On the other hand, in the no regular PA group,
all-cause, CV and cancer mortality decreased significantly
with increased fitness level. The adjusted HRs in men with
moderate and high levels of fitness, using men with a low
level of fitness as reference, were 0.49 and 0.49 (p for trend
<0.001) for total mortality, 0.41 and 0.46 (¢ for trend=0.007)
for CV mortality, and 0.57 and 0.42 (¢ for trend<0.001) for
cancer mortality, respectively, after full adjustment for age,
study year, total cholesterol, BMI smoking status, alcohol con-
sumption and diagnosis of hypertension or diabetes (Table 3).

The effect of regular PA and fitness on mortality
according fo smoking status

In the analysis stratified by smoking status, there was sta-
tistically significant decrease in all-cause mortality with in-
creased fitness level in all smoking categories in the no reg-
ular PA group. In the group of subjects who did not engage
in regular PA, the HRs of men with moderate and high lev-
els of fitness in never smokers for all-cause mortality were
0.21 and 0.53 (¢ for trend=0.007), those of former smokers
were 0.58 and 0.45 (p for trend=0.018) and those of current
smokers were 0.52 and 0.50 (p for trend<0.001), respective-
ly, in comparison to thé men with a low level of fitness in

Table 3. Hazard ratios for all-cause, cardiovascular and cancer mortality according to level of physical fitness and regularity of physi-

cal activity

Physical activity

Regular D aHR (95% Cl) No regular aHR (95% Cl)
case/person-years case/person-years
All cause mortality 1st tertile 81/16,735 484.02 1.00 240/28,123 853.39 1.00
2ndtertle  58/14,252 406.96 0.71 (0.49-1.02) 50/20,608 24262 0.49 (0.37-0.65)
3rd tertile 35/14,482 241.68 0.77 (0.52-1.12) 43/22,027 195.22 0.48 (0.36-0.67)
p for trend=0.148 pfortrend <0.001
Cardiovascular mortality  1sttertile 13/16,735 77.88 1.00 53/28,123 188.46 1.00
2nd tertile 8/14,252 56.13 0.62 (0.22-1.73) 14/20,608 67.93 0.41(0.21-0.79)
3rd tertile 5/14,482 34.53 1.01(0.35-2.95) 8/22,027 36.31 0.46 (0.22-0.95)
p for trend=0.625 p for trend=0.007
Cancer mortality 1st tertile 44/16,735 262.92 1.00 107/28,123 380.47 1.00
2ndtertle  26/14,252 182.43 0.49 (0.27-0.85) 49/20,608 237.77 0.57 (0.39-0.85)
3rd tertile 19/14,482 131.20 0.71(0.41-1.24) 17/22,027 7718 0.42 (0.26-0.68)
p for trend=0.036 p for trend<0.001

Adijusting for age, study year, total cholesterol, body mass index, smoking status (never, former, current), regular drinking (drinking alcoholic bever-

ages at least once a week ) and diagnosis of hypertension or diabetes.

Regular physical activity (PA) means ‘engaging in light, moderate to vigorous activities for at least 30 min more than three times a week.’
VO2 max was categorized as low (VO: max <23 mlLjkg/min), moderate (24 ml/kg/min <VO. max <29 mL/kg/min) and high (VOz max 230 mL/kg/min)
in the regular PA group and low (V0. max <22 mLfkg/min), moderate (23 mLkg/min <VO: max <28 mijkg/min} and high (VO: max =29 mi/kg/min)

in the no regular PA group.

ID, incidence density {per 100,000 person-years); aHR, adjusted hazard ratio; Cl, confidence interval.
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Table 4. Hazard ratios for all-cause mortality according to level
of physical fitness (VO:= max) and regular physical activity and
smoking status among men

Physical activity Never smcker ; HR (95% CI) Current smoker
ormer smoker

Regular
Low 1 1 1
Moderate 1.08 (0.43-2.75) 0.85(0.50-1.82) 0.50 (0.27-0.91)
High 1.47 (0.54-3.96) 0.61(0.30-1.24) 0.75 (0.41-1.36)
p for trend 0.744 0.379 0.076

No regular
Low 1 1 1
Moderate 0.21(0.07-0.59) 0.58 (0.34-0.97) 0.52(0.36-0.74)
High 0.53(0.23-1.21) 0.45(0.23-0.89) 050 (0.34-0.73)
pfortrend 0.007 0.018 <0.001

Adjusting for age, study vyear, total cholesterol, fasting glucose, body
mass index, regular drinking (drinking alcoholic beverages at least
once a week ) and diagnosis of hypertension or diabetes.

Regular physical activity (PA) means ‘engaging in light, moderate or
vigorous activities for at least 30 min more than three times a week.’
VO: max was categorized as low (VO: max <23 mlL/kg/min), moderate
(24 ml/kg/min <VO: max <29 ml/kg/min) and high (VO: max =30
mb/kg/min) in the regular PA group and low (VO: max <22 ml/kg/min),
moderate (23 mlL/kg/min <VO: max <28 ml/kg/min) and high (VO:
max =29 mL/kg/min) in the no regular PA group.

aHR, adjusted hazard ratio; Cl, confidence interval.

each smoking category (Table 4). The HRs (95% Cls) in men
who engaged in regular PA and who were current smokers
with moderate and high levels of fitness decreased to 0.50
(0.27-0.91) and 0.75 (0.41-1.36), in comparison to those with
a low level of fitness.

DISCUSSION

The results of the present study demonstrated that both
regular PA and physical fitness are inversely associated with
the risk of death among relatively healthy men.

The extent how much the beneficial effects of PA on health
are mediated through one’s fitness level has been a matter of
debate. The association between PA pattern and fitness was
reported with a correlation of 0.3-0.6 (20) and 0.09 (5) in
different studies. Roman et al. examined the relationship
between VO: max and PA energy expenditure using doubly
labeled water method in free living older individuals (21).
They reported a low order of correlation (£=0.37) and only
13% of shared variance between VO2 max and PA energy
expenditure. They also suggested that fitness and PA may
act in a unique and independent manner to itnprove cardio-
vascular and metabolic health (21).

Few studies have addressed both fitness and PA in the same
study in subjects with clinical data. In this study, the associ-
ation between fitness and mortality was significant among
men who did not engage in regular PA, but not among those
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who did. We observed that the subjects in the no regular PA
group with the highest level of fitness showed a significant
51% risk reduction in all-cause mortality; meanwhile the risk
of death in the subjects in the regular PA group with the high-
est level of fitness was attenuated by 23%, compared to the
lowest Jevel of fitness, but this effect was not statistically sig-
nificant. These finding might be originated from the result
that the number of subjects who engaged in regular PA was
relatively small (38.1% of total subjects), and the incidence
rate of mortality in the men engaging in regular PA was lower
than that in the men with no regular PA (484.02 per 100,000
person-years for lowest fitness in regular PA group, 853.39
per 100,000 person-years for lowest fitness in no regular PA
group).

Regular PA in this study was defined as leisure time PA
(engaging in any kind of leisure time PA for 30 min at least
three times a week) over one month prior to the assessment
of fitness. All subjects not included in the regular PA group
were included in the no regular PA group. Regular PA in
this study reflected regularly spent leisure time PA-related
energy expenditure regardless of intensity of leisute time PA.
In regular PA, strength and power training like indoor golf
or weight lifting and stretching exetcise like yoga were all
included based upon the frequency and duration of activity.
These activities are not enough to increase fitness level, but
enough to spend PA-related energy expenditure and reduce
total mortality related to non-CV causes such as fall, fracture
and depression etc. Although there is a genetic component
to fitness, the major modifiable determinant of fitness is phys-
ical activity intense enough to increase heart rate above rest-
ing levels and deliver more oxygen to the tissue.

Our study showed that all-cause mortality was affected by
regular PA than fitness level. Regular PA is known to influ-
ence not only metabolic health including improving insulin
sensitivity and reducing body fatness, but also improving
cardiopulmonary fitness (22). They also reported that PA-
related energy expenditure, or the total dose of physical activ-
ity is more important for health benefits than is the specific
type of PA performed (e.g., walking, running, cycling) (22).

In general, the dose-response relationship between fitness
and activity and the risk of death showed a relatively greater
benefit in the lower fitness group than in the higher fitness
group (23-24). In Korea, the 2001 Korean National Health
and Nutrition Survey performed with a representative sam-
ple of 7,838 subjects who completed questionnaires on PA
and were over 20 yr old showed that 71.8% of the subjects
did not exercise at all (25). However, the public transporta-
tion system and walkways in Korea are well developed, and
people in Korea spend an average 65.8 (1=73.6) min per day
walking (25). Therefore regardless of regularity of leisure
time PA, Korean people might spend much time walking
on average. This phenomenon might explain why the effect
of fitness level on mortality was attenuated in subjects in
the regular PA group.
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We also assessed the influence of smoking status on the
association between fitness level, regular PA and all-cause
mortality. The tisk of mortality in men who did not engage
in regular PA with higher level of fitness, compared to the
lowest level of fitness, was significantly reduced in all smok-
ing categories. In the regular PA group, an increased fitness
level seemed to have a protective effect on death risk reduc-
tion, bur this was statistically significant only in the current
smokers.

Smoking is widely recognized as a major risk factor for all-
cause mortality, as is physical inactivity (26). Cigarette smok-
ing has been known to contain more than 4,000 toxic sub-
stances, and engaging in physical activities that are intense
enough to increase one’s fitness level would increase their body
heat and eliminate the watet-soluble toxic substances found
in cigarettes from their body by heat dissipation (sweating).
Even the detrimental effect of smoking on all-cause mortal-
ity might be preventable with strenuous physical activity.
Physical activity also provides the advantages of increased
body fluid for heat dissipation (sweating) and thermoregu-
latory stability as well as a larger vascular volume for greater
cardiac filling and stroke volume and cardiovascular stabili-
ty during exercise and orthostatic challenges (27). Therefore,
PA and fitness may be protective against reduced blood vol-
ume and the subsequent development of disease associated
with aging. These findings suggest that human beings might
be born with an innate need to be physically active to live
healthy. We observed that physical fitness reduced the risk
of all-cause mortality, especially in the high-risk group, such
as those who did not engage in regular PA. According to our
study results, men who do not engage in regular PA could
reduce their mortality risk by engaging in daily activities
that are intense enough to increase their fitness level.

Our study has several limitations. The study population
was composed of relatively healthy people and did not include
women because the number of fernale smokers was too small.
Although the sample size of this study was not small, the
number of deaths may not have been large enough to obtain
enough statistical power to demonstrate the health bepefit
of increased the fitness level of healthy subjects who engage
in regular PA. Because the cause-specific mortality has been
classified accurately since 2000, it might have chance of being
misclassified between 1995 and 1999.

However, our study results are not different from those of
previous studies that investigated physical fitness or activity
separately (28-30). Few researches have focused on the asso-
ciation between fitness level and all-cause mortality accord-
ing to smoking status, mostly in former and current smok-
ers. To the best of our knowledge, this is the first large study
to directly measure VO:z max by graded exercise testing in
order to assess physical fitness in Korean men.

In conclusion, we observed that regular PA and physical
fitness, as assessed by VO: max, were inversely associated
with all-cause, CV and cancer mortality in Korean men. In
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this study, the regular PA is more important than fitness in
predicting the mortality. The combined effect of fitness and
PA on mortality was more pronounced in the subjects who
did not engage in regular PA. Our study suggested that even
in the current smokers especially who did not engage in reg-
ular PA, increasing one’s fitness level by participating intense
activities such as running, fast walking or climbing stairs
during normal daily activities, might provide health bene-
fits to reduce the risk of mortality. Further studies are need-
ed to investigate the association between free living PA and
fitness on all-cause and cause-specific mortalities.
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ABSTRACT

PEEL, J. B, X. SUL, S. A. ADAMS, J. R. HEBERT, J. W. HARDIN, and S. N. BLAIR. A Prospective Study of Cardiorespiratory
Fitness and Breast Cancer Mortality. Med. Sci. Sports Exerc., Vol. 41, No. 4, pp. 742-748, 2009. Purpose: Physical activity may
protect against breast cancer. Few prospective studies have evaluated breast cancer mortality in relation to cardiorespiratory fitness
(CRF), an objective marker of physiologic response to physical activity habits. Metheds: We examined the association between CRF
and risk of death from breast cancer in the Aerobics Center Longitudinal Study. Women (N = 14,811), aged 20 to 83 yr with no prior
breast cancer history, received a preventive medical examination at the Cooper Clinic in Dallas, Texas, between 1970 and 2001.
Mortality surveillance was completed through December 31, 2003. CRF was quantified as maximal treadmill exercise test duration and
was categorized for analysis as low (lowest 20% of exercise duration), moderate (middle 40%), and high (upper 40%). At baseline, all
participants were able to complete the exercise test to at least 85% of their age-predicted maximal heart rate. Results: A total of
68 breast cancer deaths occurred during follow-up (mean = 16 yr). Age-adjusted breast cancer mortality rates per 10,000 woman-years
were 4.4, 3.2, and 1.8 for low, moderate, and high CRF groups, respectively (trend P = 0.008). After further controlling for body
mass index, smoking, drinking, chronic conditions, abnormal exercise ECG responses, family history of breast cancer, oral
contraceptive use, and estrogen use, hazard ratios (95% CI) for breast cancer mortality across incremental CRF categories were 1.00
(referent), 0.67 (0.35-1.26), and 0.45 (0.22-0.95) (trend P = 0.04). Conclusions: These results indicate that CRF is associated with a
reduced risk of dying from breast cancer in women. Key Words: EPIDEMIOLOGY, PREVENTION, DEATH FROM BREAST

CANCER, PHYSICAL ACTIVITY

reast cancer is the second leading cause of cancer
death and the most frequently diagnosed form of
cancer among women in the United States. Accord-
ing to the most recent publication from the American
Cancer Society, in 2008, an estimated 182,462 new cases of
invasive breast cancer will be diagnosed among women,
and approximately 40,480 women are expected to die from
this disease. The etiology of breast cancer remains to be
fully explained, with less than 50% of the cases attributed
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to known risk factors (1). Several potential risk factors
including genetic components, diet, smoking, alcohol
intake, and physical activity, have been identified (28).

It has been suggested that physical activity, one of the
few established modifiable breast cancer risk factors, may
protect against both the development of the disease
(9,36,37,39) and the progression after diagnosis (19,27). A
recent systematic review by Monninkhof et al. (30) found
evidence of an extreme inverse association between phys-
ical activity and breast cancer in postmenopausal women,
that is, equivalent to a 20-80% decrease in risk of incident
disease. Differences in risk estimates may result from im-
precise physical activity assessment collected from self-
report instruments, especially in women (3). In addition,
most of previous studies have reported on either physical
activity and incident (9,37) or combined fatal/nonfatal
(36,39) breast cancer. Because physical activity protects
against incident breast cancer (9,12,18,37), it might be
reasonable to expect that physical activity would confer
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protection against fatal breast cancer. However, this
inference cannot confidently be drawn from studies of
combined nonfatal/fatal events or studies solely reliant on
nonfatal outcomes. To the best of our knowledge, no study
has been conducted on cardiorespiratory fitness (CRF), an
objective and reproducible measure that reflects the func-
tional consequences of physical activity habits, short-term
effects of disease status (e.g., respiratory tract infections),
and genetics (21). We therefore examined the association
between CRF, objectively measured by maximal exercise
test on a treadmill, and breast cancer mortality in women
from the Aerobic Center Longitudinal Study (ACLS).

METHODS

Study sample. The population for the current analysis
was composed of primarily white (>99%), married, well-
educated women with no prior history of breast cancer.
These women, ranging in age from 20 to 83 yr, received a
preventive medical examination at the Cooper Clinic in
Dallas, Texas, between 1970 and 2001 (N = 14,811). Study
participants came to the clinic for periodic preventive health
examinations and to receive counseling regarding diet,
exercise, and other lifestyle factors associated with in-
creased risk of chronic disease. Many participants were sent
by their employers for the examination, some were referred
by their personal physicians, and the rest were self-referred.
At baseline, all participants were able to complete an
exercise stress test to at least 85% of their age-predicted
maximal heart rate (220 minus age in years). The study
protocol was approved annually by the Institutional Review
Board of the Cooper Institute.

Baseline examination. The baseline clinical examina-
tion was performed after receiving written informed consent
from each participant and included fasting blood chemistry
analyses, personal and family health history, anthropome-
try, resting blood pressure and ECG, and a maximal graded
exercise test. Examination methods and procedures
followed a standard manual of operations, as described
previously (6). Briefly, body mass index [BMI = weight
(kg) / height (m)*] was computed from measured height and
weight. Resting blood pressure was recorded as the first and
the fifth Korotkoff sounds by auscultatory methods. Serum
samples were analyzed for lipids and glucose using
standardized automated bioassays by a laboratory that
participates in and meets quality control standards of the
CDC Lipid Standardization Program. Information on
smoking habits (whether a current smoker), alcoho! intake
(number of drinks per week), personal history of cardio-
vascular disease (myocardial infarction or stroke), hyper-
tension and diabetes, family history of breast cancer, oral
contraceptive use, and exogenous estrogen use was
obtained from a standardized questionnaire.

CRF was assessed at the baseline examination as the
duration of a symptom-limited maximal treadmill exercise test
using a modified Balke protocol (5,6). The treadmill speed

was 88 mmin~ ! for the first 25 min. During this time, the
grade was 0% for the first minute, 2% the second minute,
and increased 1% each minute until 25 min had elapsed.
After 25 min, the grade remained constant whereas the speed
increased 5.4 mmin~' each minute until test termination.
Patients were encouraged to give a maximal effort during the
test. The mean (SD) percentage of age-predicted maximal
heart rate achieved during exercise was 100.0 (6.3). The
duration of the maximal exercise treadmill test on this
protocol is highly correlated with directly measured maximal
oxygen uptake in women (r = 0.94), an accepted measure of
CRF (32). Maximal METs (I MET = 3.5 mL O,
uptake’kg ™' 'min"") were estimated from the final treadmill
speed and grade (4). We used our previously published age-
specific distribution of treadmill duration from the overall
ACLS population to define fitness groups as low (lowest
20%), moderate (middle 40%), and high (upper 40%) to
maintain consistency in the study methods and because we
have found that a low level of fitness, defined in this way, is
an independent predictor of mortality (6) and morbidity (38).
The respective cut points for total treadmill time and METs
in the low, moderate, and high fitness groups were described
in detail in a recent report (38).

Abnormal exercise ECG responses were broadly defined
as thythm and conduction disturbances and ischemic ST-T
wave abnormalities as described in detail elsewhere (13).
We have found 90% agreement between the ECG interpre-
tation recorded in our database and that of a group of three
physicians who read a random sample of 357 patient
records (13).

Mortality surveillance. All participants were followed
from the date of their baseline examination until their date
of death or December 31, 2003. The National Death Index
(NDI) was the primary data source for mortality surveil-
lance. The underlying cause of death was determined from
the NDI report or by a nosologist’s review of official death
certificates obtained from the department of vital records in
the decedent’s state of residence. Breast cancer mortality
was defined by the International Classification of Diseases,
Ninth Revision (ICD-9) codes 174 to 175 before 1999 and
Tenth Revision (ICD-10) codes C50 during 1999-2003. We
computed woman-years of exposure as the sum of follow-
up time among decedents and survivors.

Statistical analysis. Baseline characteristics of the
population were calculated for the entire cohort and by
CRF groups. Differences in covariates were assessed using
F-tests. Kaplan—Meier plots were used to compare survival
curves, and Cox proportional hazards models were used to
estimate adjusted hazard ratios (HR), associated 95%
confidence intervals (CI), mortality rates (deaths/10,000
woman-years of follow-up), and linear trends of breast
cancer mortality for levels of each fitness category. When
calculating HR, the low fitness group was used as the
reference category. Multivariable-adjusted models con-
trolled for the potential confounding effects of baseline
age (yr), BMI (kg'm™?), smoking (current smoker or not),
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TABLE 1. Baseline characteristics according to cardiorespiratory fitness (CRF) in the Aerobics Center Longitudinal Study, 1970-2001.

CRF

Characteristic All (N =14,811) Low (n = 2117) Moderate (n = 5397) High (n = 7297) P for Trend
Age (yr) 43.0 £105 429 +10.1 428 +10.4 431 £10.7 0.36
BMI (kg'm™?) 23.0 + 441 259+ 6.0 234 4.0 219+29 <0.0001
Maximal METs 95+22 6.7=09 8510 11+18 <0.0001
Treadmill time duration (min) 133 +47 7219 112222 16.7 3.7 <0.0001
Lipids (mmokL™")

Total cholesterol 5.20 £ 1.07 5.40 £ 1.04 5.28 +1.04 5.08 = 1.08 <0.0001

HDL-C 159 + 042 142+ 037 1.53 £ 0.37 1.66 = 0.45 <0.0001

Triglycerides 1.05 = 0.85 1.28 £0.87 110 £0.78 0.95 + 0.87 <0.0001
Fasting blood glucose (mmolL™") 5.27 + 468 541+1.10 523 +0.75 5.27 + 6.51 0.42
Blood pressure {(mm Hg)

Systolic 113 +£15 117 16 113 + 14 i1 +14 <0.0001

Diastolic 75 £10 78+ 10 76 10 759 <0.0001
Current smoker (%) 1591 (10.7) 367 (17.3) 687 (12.7) 537 (7.4) <0.0001
Alcohol drinker (=5 drinks per week) (%) 2844 (19.2) 424 (20.0) 1133 (21.0) 1287 (17.6) <0.0001
Hypertension (%)* 1384 (9.3) 339 (16.0) 501 (9.3) 544 (7.5) <0.0001
Diabetes (%)} 318 (2.2) 66 (3.1) 106 (2.0) 147 (2.0) 0.004
Cardiovascular disease (%)% 63 (0.4) 17 (0.8) 23 (0.4) 23 (0.3) 0.01
Oral contraceptive use (%) 3908 (26.4) 347 (16.4) 1356 (25.1) 2205 (30.2) <0.0001
Estrogen use (%) 2832 (19.1) 371 (17.5) 1041 (19.3) 1420 (19.5) 0.13
Family history of breast cancer (%) 331 (22) 18 (0.9) 85 (1.6) 228 (3.1) <0.0001
Abnormal exercise ECG (%) 683 (4.6) 133 (6.3) 237 (4.4) 313 (4.3) 0.0004

Data shown as means + SD unless specified otherwise. .

* Hypertension was defined as systolic blood pressure =130 mm Hg, diastolic blood pressure =85 mm Hg, or history of physician-diagnosed hypertension.
+ Diabetes was defined as glucose >126 mg-dL™" or history of physician-diagnosed diabetes.

+ Cardiovascular disease was defined as history of physician-diagnosed myocardial infarction or stroke.

METs, maximal metabolic equivalents achieved during the treadmill test; HDL-C, high-density lipoprotein cholesterol.
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calculated from two-sided hypothesis tests, and CI were
calculated at the 95% level.

alcohol intake (five or more drinks per week or not), chronic
conditions (cardiovascular disease, hypertension or diabetes,
present or not for each), family history of breast cancer

(present or not), abnormal exercise ECG responses (present or
not), oral contraceptive use (yes or no), and estrogen use (yes
or no). Cumulative hazard plots grouped by exposure
suggested no appreciable violations of the proportional haz-
ards assumption.

We also conducted Cox regression analyses of CRF
stratified by categories of age, BMI, oral contraceptive use,
and estrogen use to assess whether the associations were
stronger in particular subgroups. Tests for multiplicative
interaction between an increment of 1 min of MET of exer-
cise capacity and other risk factors in relation to risk of breast
cancer death were assessed using likelihood ratio tests
comparing the models with or without interaction terms. We
examined the risk of breast cancer across increments of
METs to assess the shape of the fitness—breast cancer curve.
Statistical analyses were performed using SAS (version 9.1,
SAS Institute, Cary, NC) software. All P values were

RESULTS

At baseline, the mean (SD) age of the study participants
was 43.0 (10.5) yr, the mean (SD) treadmill test duration
was 13.3 (4.7) min, and the mean (SD) maximal METs was
9.5 (2.2). The distribution of participant characteristics for
several breast cancer risk factors is given in Table 1 across
categories of CRF. Women in the high fitness group were
more likely to have a lower BMI, to have a more favorable
lipid and blood pressure profile, to have a healthier lifestyle
(as reflected by smoking and alcohol intake), and to have a
lower rate of chronic conditions (as reflected by cardiovas-
cular disease, hypertension, diabetes, and abnormal exercise
ECG) as compared with low CRF.

In a mean length of 16.4 yr (range = 1.01-33.7 yr)
follow-up and 242,900 woman-years of observation, 68
breast cancer deaths were identified. A steep inverse

TABLE 2. Rates and HR for hreast cancer mortality by cardiorespiratory fitness (CRF) groups in 14,811 women,

Low CRF Moderate GRF High CRF P Value for Trend
No. of deaths 20 31 17
No. of woman-years 42,488 96,714 103,554
Rate* 44 32 1.8 0.008
Age-adjusted HR (95% ClI) 1.00 0.72 (0.41-1.27) 0.42 (0.22-0.80) 0.008
Muitivariate HR (35% Cl)t 1.00 0.67 (0.35-1.26) 0.45 (0.22-0.95) 0.04

* Rate is expressed as per 10,000 woman-years and adjusted for age.

+ Adjusted for age, BMI (kg-m™2), current smoking (ves or nat), alcohol intake (=5 drinks per week, or not), chronic conditions (hypertension, diabetes, or cardiovascular disease
present or not for each), family history of breast cancer (present or not), abnormal exercise ECG responses (present or not), oral coniraceptive use (ves or no), and estrogen use (yes
or no).

HR, hazard ratio; Cl, confidence interval; CRF, cardiorespiratory fitness.
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FIGURE 1—Survival free of breast cancer across cardiorespiratory
fitness (CRK) status in a mean 16-yr follow-up study of 14,811 women.

gradient (Pyeng = 0.008) of breast cancer mortality rates was
observed across CRF groups (Table 2). After adjusting for
covariates (age, BMI, current smoking, alcohol intake,
chronic conditions, family history of breast cancer, abnor-
mal exercise ECG, and oral contraceptive and estrogen use),
women with moderate and high CRF had 33% and 55%
lower breast cancer risk, respectively, than did women with
low CRF (Pyend = 0.04). The Kaplan-Meier plot depicts the
breast cancer death rates by fitness group (Fig. 1).

We next examined whether other risk predictors modified
the association between CRF and breast cancer death
(Table 3). After adjustment for age, we observed signifi-
cantly lower risk of death per 1 MET increment in exercise
capacity among younger women (Pyeng = 0.004), women
who were normal weight (Pyena = 0.03), and women who
never used oral contraceptives (Pyeng = 0.03) or estrogen
replacement (Pyeng = 0.01). The test for interaction was not
significant in the subgroups (P for interaction >0.40 for
each). These associations between CRF and breast cancer
mortality risk according to categories of other risk factors
attenuated after controlling each of the other variables
shown in the table. The inverse association remained signi-
ficant only among women who were younger than 55 yr old
and those who never used estrogen.

o 5 1
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° Linear trend P = 0.007
= 47
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FIGURE 2—Age-adjusted mortality rates (per 10,000 woman-years) of
breast cancer by CRF levels quantified in 1 MET increments obtained
during a maximal treadmill test in women. Number at risk (and
number of cases) in <8.0, 8.0-8.9, 9.0-9.9, and >10 was 3345 (34), 3805
(15), 2304 (8), and 5357 (11).

To further examine the dose-response characteristics
between CRF levels and breast cancer mortality in our
population of women, we computed the age-adjusted death
rates (per 10,000 woman-years) for categories of CRF
defined by increments of 1 MET across the range of 8 to 10
METs (Fig. 2). An exercise capacity of less than 8 METs
was associated with a nearly threefold higher risk of breast
cancer mortality compared with women having a capacity
of 10 METs and greater (Pyeng = 0.007). The inverse
association remained significant after multivariate adjust-
ment (Pyena = 0.02).

DISCUSSION

In this study, we observed an inverse association between
CRF and the risk of breast cancer mortality. Women in the
moderate and high CRF groups demonstrated a 33% and
55% lower risk, respectively, of dying of breast cancer. This
association persisted after adjustment of other available
potential confounders. Women with an exercise capacity
less than 8 METs had a nearly threefold higher risk of dying

TABLE 3. HR for breast cancer death per 1 MET increment in maximal exercise capacity in different subgroups of women.

No. of Deaths HR* 95% CI* P Value HRT 95% Glf P Value

Age (yr)

<55 55 0.81 0.70~0.94 0.004 0.76 0.64-0.9t 0.002

255 13 072 0.50-1.05 0.08 0.83 0.56-1.24 0.36
BMI (kgm™2)

<25 53 0.84 0.72-0.99 0.03 0.87 0.74-1.02 0.08

=25 15 0.87 0.61-1.25 0.45 0.86 0.60-1.22 0.40
Oral contraceptive use

Never 58 0.84 0.72-0.99 0.03 0.82 0.68-0.98 0.10

Ever 10 0.85 0.60-1.22 0.38 0.89 0.61-1.32 0.57
Estrogen use

Never 60 0.83 0.71-0.96 0.01 0.81 0.68-0.96 0.02

Ever 8 1.02 0.67-1.56 0.92 1.04 0.63-1.70 0.88

* Adjusted for age.
T Adjusted for age and each of the other variables in the table.
HR, hazard ratio; Cl, confidence interval.
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of breast cancer compared with those with higher METs
level (>8). These data suggest that an exercise capacity of at
least 8 METs may be needed to provide substantially
protective benefits.

To the best of our knowledge, this is the first prospective
cohort study to assess the association of CRF to risk of
dying of breast cancer. It is important to note that the vast
majority of the literature on breast cancer has focused on
incidence and not on mortality of disease. Mortality reflects
the combination of incidence with a variety of prognostic
factors relating primarily to disease-related characteristics
such as stage at diagnosis and grade as well as lifestyle and
other factors that might influence outcome. Despite this,
death registration is excellent in countries such as the
United States, and mortality is a “hard” outcome that we
have used with great success in the past (16). It is also
important to note that there are literatures relating factors
such as diet, physical activity, and relative body weight to
both breast cancer incidence (9,10,15,22) and mortality
(8,31,40).

Previous cohort studies using self-reported physical
activity show lower risks for incident (9,37) or combined
fatal/nonfatal (30,36,39) breast cancer ranging from 15% to
40%. However, other studies have reported no association
(24,25,34) between physical activity and incident breast
cancer. The varying range of effects and the inconsistency
of results may be due to the imprecise assessment of phy-
sical activity derived from the questionnaires, population
differences in the study cohorts, differences in breast cancer
end points used, duration of follow-up after the baseline
exposure measurement, or some combination of these.

Beyond a CRF level of 8 METs (Fig. 2), it did not appear
that there were substantial decreases in risk of breast cancer
death. This finding of an apparent CRF threshold adds
insight into the relationship between CRF and breast cancer
death. A systematic review of physical activity and breast
cancer end points (including occurrence and mortality)
indicates that approximately half of the selected studies
observed a dose-response relationship (30). Thune et al.
(39) found that compared with being sedentary, being
moderately active during leisure time was associated with a
7% lower breast cancer mortality. Being regularly active
during leisure time was associated with a 37% lower breast
cancer incidence. These findings indicate an incremental
dose-response relationship between self-reported physical
activity and breast cancer end points rather than the
threshold phenomenon between CRF and breast cancer
observed in the present study. It is unclear what contributes
to this difference, although the differing approaches to
measuring physical activity exposures (i.e., self-reported
physical activity vs the more objective CRF) likely account
for some of the variability. Future studies are needed to
confirm our findings.

A functional capacity of 8 METs is considered a low to
moderate level of CRE. for women across the adult age
spectrum (6,38). Most women can attain this level of

CRF by participating in moderate and/or vigorous intensity
physical activities for 30 min or more on most days of
the week (14). Although CRF has a genetic component
(21), it is clear that usual physical activity habits are the
primary determinant of fitness. Recently, Church et al. (7)
reported that women with an activity level as low as 4
kealkg ™ hwk ! level (approximately 72 min-wk ™' of mod-
erate intensity walking) had a significant improvement in
CRF compared with women in the nonexercise control
group. Therefore, CRF can be enhanced in most individuals
through participation in a modest amount of moderate in-
tensity physical activity.

Several biological mechanisms have been proposed to
explain how increased physical activity may protect against
breast cancer, including the reduction of endogenous
reproductive hormone levels, decreases in body weight
and adiposity, changes in circulating levels of insulin and
insulin-like growth factors, and enhanced immune function
(12,17). Unfortunately, we do not have data related to these
variables. Therefore, we cannot evaluate these biological
mechanisms directly. Due to the unique cohort design of
this study, however, our investigation has several properties
that enable examination of fitness and physical activity in
relation to breast cancer mortality. It is rare to have a
measure of fitness in a study of breast cancer and rarer still
to obtain that measure before a breast cancer diagnosis. One
possible hypothesis is that women maintained their level
of fitness after their diagnosis, which then resulted in
decreased mortality in the high fitness group. However,
previous research among cancer survivors demonstrates that
physical activity typically decreases after a cancer diagnosis
(26). Thus, observational data do not support this supposi-
tion. An alternative hypothesis is that “prediagnosis™ fit-
ness could result in a better breast cancer prognosis (i.e.,
women are diagnosed with less aggressive disease), which
could then favorably impact breast cancer mortality. There
is some indirect support for this hypothesis from the
literature, which has demonstrated a protective effect of
physical activity on markers of breast cancer prognosis such
as estrogen and progesterone receptor status (2,11). In these
studies, physical activity was protective for estrogen and
progesterone receptor-negative breast cancer, which is
known to be associated with the poorest prognosis and sur-
vival. Examination of the relationship of fitness or physical
activity with other breast cancer prognostic indicators could
be an interesting avenue for future study.

Strengths of the cwrent study include its prospective
design, extensive baseline examinations to detect subclini-
cal disease, careful measurement of risk factors (as opposed
to self-report), maximal exercise testing to quantify CRF,
and a hard end point of breast cancer mortality as the study
outcome. A limitation is the inability to adjust for dietary
factors and menopausal status due to the lack of data in the
current study. However, a recent study that has adjusted for
daily caloric intake and percentage of calories from fat
found that these adjustments did not significantly change
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conclusions (29). Although there is evidence that dietary fat
may be a stronger risk factor for postmenopausal breast
cancer than for premenopausal breast cancer (20), Kushi
et al. (23) only found a nonsignificant positive association
between dietary fat and risk of postmenopausal breast
cancer. According to the latest clinical trial results from the
Women’s Health Initiative, women following a recommen-
ded eating pattern including a reduction in total fat did not
experience reduced breast cancer incidence (33). It is
possible that residual confounding may exist, although it
seems unlikely that it would account for all of the observed
association between CRF and breast cancer. Another
limitation of the present study is that the hormone receptor
status (estrogen or progesterone) and the tumor stage
(including in situ) and grade were not available. A recent
report from the California Teachers Study shows an inverse
association between self-reported physical activity and risk
of both invasive and in situ breast cancer in women and an
inverse association on estrogen-negative but not estrogen-
positive breast cancer (9). Additional research is needed to
further understand the specificity of associations between
CRF (or physical activity) and breast cancer subtypes. The
current findings are limited to European-American women
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may be needed. Given the public health burden of breast
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Abstract

Although higher levels of physical activity are in-
versely associated with risk of colon cancer, few
prospective studies have evaluated overall digestive
system cancer mortality in relation to cardiorespiratory
fitness (CRF). The authors examined this association
among 38,801 men ages 20 to 88 years who performed
a maximal treadmill exercise test at baseline in the
Aerobics Center Longitudinal Study (Dallas, TX)
during 1974 to 2003. Mortality was assessed over 29
years of follow-up (1974-2003). Two hundred eighty-
three digestive system cancer deaths occurred during a
mean 17 years of observation. Age-adjusted mortality
rates per 10,000 person-years according to low,
moderate, and high CRF groups were 6.8, 4.0, and 3.3
for digestive system cancer (Pieng < 0.001). After

adjustment for age, examination year, body mass index,
smoking, drinking, family history of cancer, personal
history of diabetes, hazard ratios (95% confidence
intervals) for overall digestive cancer deaths for those
in the middle and upper 40% of the distribution of
CRF relative to those in the lowest 20% were 0.66
(0.49-0.88) and 0.56 (0.40-0.80), respectively. Being fit
(the upper 80% of CRF) was associated with a lower
risk of mortality from colon [0.61 (0.37-1.00)], colorectal
[0.58 (0.37-0.92)], and liver cancer [0.28 (0.11-0.72)]
compared with being unfit (the lowest 20% of CRF).
These findings support a protective role of CRF
against total digestive tract, colorectal, and liver cancer
deaths in men. (Cancer Epidemiol Biomarkers Prev
2009;18(4):1111-7)

Introduction

Digestive system cancers include those of the alimentary
canal below the neck (e.g., esophagus, stomach, small,
and large intestines) and key digestive organs (pancreas,
liver, and gallbladder). Considering all digestive cancers
together, these constitute the second leading cause of
cancer-related mortality of men in the United States (1).
Of all digestive tract sites, colon and pancreas account for
the majority of deaths (colon because it is so common
and pancreas because it has such poor prognosis). The
etiology of various digestive cancers is not fully
understood. Several potential risk factors including
genetic components, diet, smoking, and physical inac-
tivity have been identified for colon cancer (2). However,
other than smoking and diabetes (3, 4), few lifestyle
factors have been linked to pancreatic cancer. Recent
evidence suggests that insulin resistance and abnormal
glucose metabolism, without diagnosis of diabetes, also
may be risk factors for pancreatic cancer (5, 6).
Although higher levels of physical activity are
inversely associated with risk of colon cancer (7, 8), the
association between pancreatic cancer and physical
activity remains inconclusive. Several studies have found
an inverse relationship (9, 10), whereas other studies
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have reported no association (11-13). Very few cohort
studies have reported on physical activity and other sites
of digestive system cancer, and the findings are
inconsistent (14, 15). No studies have been conducted
to assess the association between physical activity and
cancers of the liver or small intestine. There is some
indication that greater amounts of activity are associated
with higher risk of stomach (14) and bladder (15) cancer
and lower risk of oral/esophagus cancer (15). It may be
that measurement errors inherent in self-reported phys-
ical activity are partly responsible for these discrepant
findings. Cardiorespiratory fitness (CRF), an objective
and more reproducible measure, reflects the functional
consequences of physical activity habits of the individual
and therefore may provide a better exposure with which
to evaluate associations with relevant health outcomes.
To the best of our knowledge, only one study (16) has
been conducted on CRF and mortality from cancers of
the gastrointestinal system among men. However, this
study only examined men with pre-diabetes and diabe-
tes. There is a lack of data in the general population.
Because the 5-year survival rate for digestive cancers as a
group is very low (~45%; <10% for some sites such as
pancreas and esophagus), identification of modifiable
risk factors for these deadly cancers may provide
important opportunities for reducing overall cancer
mortality (17). We therefore examined the association
between CRF, objectively measured by maximal exercise
test on a treadmill, and overall and site-specific digestive
cancer mortality in men from the Aerobics Center
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