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Cohort Study of Fitness and Digestive Cancer Mortality

Longitudinal Study (ACLS). We tested the hypothesis
that CRF is associated with cancers of the colorectum,
pancreas, esophagus, stomach, or gallbladder, for
which there is prior evidence of an association (7-10,
14, 15), and generated hypotheses on the association
between cancers of the liver or small intestine and either
CRF or other measures of physical activity, for which
there are no prior data.

Materials and Methods

Study Population. The ACLS is an ongoing cohort
study of patients who were examined during a preven-
tive medical examination in Dallas, TX, between 1974
and 2003. This study was reviewed and approved by the
Cooper Institute Institutional Review Board on an annual
basis. The sample for the current analysis was 38,801
primarily White, well-educated, middle-to-upper socio-
economic status men ages 20 to 88 years. The inclusion
criteria required that men had no prior history of cancer,
ulcer disease, gallbladder trouble, jaundice, hepatitis,
cirrhosis, or colon polyps. At baseline, all participants
completed a symptom limited treadmill test. The men in
the analyses reported here are very similar to the overall
ACLS cohort, with only minor differences in some
clinical variables. The death rate for the subgroup of
men in this analysis is not significantly different from the
age, risk factor, health status, and family history-adjusted
rates for the overall cohort.

Baseline Examination. Participants arrived for the
clinical examination after an overnight fast of at least 12 h
and gave their written informed consent to participate in
the examination and the follow-up study. Information
was collected pertaining to personal and family health
histories, fasting blood chemistry analyses, anthropom-
etry, resting blood pressure and electrocardiogram, and a
maximal graded exercise test. Examination methods and
procedures followed a standard manual of operations as
described previously (18). Briefly, body mass index
(BMI) was computed from measured height and weight
(kg/m?). Resting blood pressure was recorded as the first
and fifth Korotkoff sounds by ausculatatory methods.
Serum samples were analyzed for lipids and glucose
using standardized automated bioassays by a laboratory
that participates in the Centers for Disease Contro] and
Prevention Lipid Standardization Program and meets its
quality-control standards. Information on smoking habits
(never, past, and current smoker), alcohol intake (num-
ber of drinks per week), personal history of diabetes, and
family (from parents and siblings; first-degree relatives)
history of cancer from all-cause was obtained from a
standardized questionnaire. One unit of alcohol is defined
as 12 ounces (3.41 dL) of beer, 5 ounces (1.421 dL) of
wine, or 1.5 ounces (0.4262 dL) of hard liquor.

We determined CRF at the baseline examination using
a maximal exercise test on a treadmill. CRF was assessed
as the duration of the exercise test using a modified Balke
protocol (18, 19). The treadmill speed was 88 m/min for
the first 25 min. During this time, the grade was 0% for
the first minute and 2% the second minute and increased
1% for each minute. After 25 min, the grade remained
constant while the speed increased 5.4 m/min each
minute until test termination. Patients were encouraged

to give a maximal effort during the test. Men included in
the present analyses reached at least 85% of their age-
predicted maximal heart rate [220-age (years) beats per
minute] on the test. The duration of the maximal exercise
treadmill test on this protocol is highly (and positively)
correlated with directly measured maximal oxygen
uptake in men (ref. 20; ¥ = 0.92), an accepted measure
of CRF. Maximal metabolic equivalents (MET; 1 MET =
3.5 mL O, uptake/kg/min) were estimated from the final
treadmill speed and grade (21). 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 (18, 22) and morbidity (23). 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 (23).

Ascertainment of Digestive Cancer Death. All partic-
ipants were followed from the date of their baseline
examination until their date of death or December 31,
2003. The National Death Index was the primary data
source for mortality surveillance. The National Death
Index has been shown to be an accurate method of
ascertaining deaths in observational studies, with high
sensitivity (96%) and specificity (100%; ref. 24). The
underlying cause of death was determined from the
National Death Index report or by a nosologist’s review
of official death certificates obtained from the depart-
ment of vital records in the decedent’s state of residence.
Causes of cancer death were identified using International
Classification of Diseases, Ninth Revision codes for deaths
occurring before 1999 and International Classification of
Diseases, Tenth Revision codes (in parentheses) for deaths
during 1999 to 2003. Our primary outcome for this
analysis was death from digestive cancers, 150-159
(C15-C26), and our secondary mortality outcomes were
esophagus, 150 (C15); stomach, 151 (C16); small intestine,
152 (C17); colon, 153 (C18); rectum, 154 (C19-C21); liver,
155 (C22); gallbladder and intrahepatic bile ducts, 156
(C23-C24); pancreas, 157 (C25); and other and ill-defined
digestive organs, 158-159 (C26).

Statistical Analysis. Baseline characteristics of the
population were calculated for the entire study group
and by CRF categories. Differences in covariates were
assessed using F tests. Kaplan-Meier plots were used to
compare survival curves. The crude and multivariate-
adjusted log-rank tests were used to determine signifi-
cance. Cox proportional hazards models were used to
estimate adjusted hazard ratios (HR), associated 95%
confidence intervals (95% CI), mortality rates (deaths/
10,000 person-years of follow-up), and linear trends of
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 (years), examination year, smoking (never, past, or
current smoker), alcohol intake (drinks per week), and
family history of cancer (whether present). Examination
year was included as a covariate to control for variation
in the length of follow-up in this ongoing study. We
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Table 1. Baseline characteristics according to CRF, ACLS, Dallas, TX, 1974-2003

Characteristics All (n = 38,801) CRF Piend
Low Moderate High
(n = 6,665) (n =15315)  (n = 16,821)

Mean (SD) age (y) 43.8 (9.7) 43.6 (9.4) 44.0 (9.6) 43.6 (9.9) <0.001
Mean (SD) height (cm)_ 178.9 (6.9) 178.0 (8.6) 179.0 (6.6) 179.3 (6.5) <0.001
Mean (SD) BMT (kg/m?) 263 (34) 28.6 (4.2) 26.7 (3.2) 249 (2.5 <0.001
Mean (SD) METs achleved during the treadmill test 11.6 (2.5) 8.5 (1.3) 10.7 (1.2) 13.7 (1.9) <0.001
Mean (SD) treadmill time duration (min) 179 (5.2) 11.1 2.7) 16.0 (2.5) 22.3 (3.5) <0.001
Mean (SD) lipids (mmol/L)

Total cholesterol 55 (1.1) 5.7 (1.1) 5.5 (1.0) 5.3 (1.2) <0.001

High-density lipoprotein-cholesterol 1.2 (0.3) 1.0 (0.3) 1.1 (0.3) 1.3 (0.3) <0.001

Triglycerides 1.6 (14) 22 (2.1) 1.7 (1.2) 1.2 (1.0) <0.001
Mean (SD) fasting blood glucose (mmol/L) 5.6 (2.8) 5.8 (1.5) 5.6 (1.0) 5.5 (4.1) <0.001
Mean (SD) blood pressure (mm Hg)

Systolic 122 (14) 124 (14) 122 (13) 120 (13) <0.001

Diastolic 81 (10) 84 (10) 82 (10) 79 (9) <0.001
Cigarette smoking (%)

Never 70.8 59.0 68.9 77.2

Past 10.8 7.4 10.2 12.7 <0.001

Current 184 33.6 209 10.1
Mean (SD) alcohol drinking (drinks/wk) 7.9 (11.4) 8.3 (11.5) 8.1 (11.6) 7.5 (11.2) <0.001
Diabetes* (%) 54 10.1 5.7 33 <0.001
Family history of cancer (%) 1.0 0.8 1.2 1.1 0.04

*Diabetes was defined as glucose 2126 mg/dL or history of physician-diagnosed diabetes.

conducted additional analyses that further adjusted for
baseline differences in two factors that could plausibly
mediate the association between CRF and digestive
cancer mortality: BMI (<25 versus 225 kg/m®) and
diabetes (whether diagnosed before or at the examina-
tion). Unfortunately, we have no information on nonste-
roidal anti-inflammatory drug usage to include in the
model. Cumulative hazards plots grouped by exposure
had no appreciable violations of the proportional
hazards assumption.

Next, we conducted Cox regression analyses of CRF
stratified by categories of BMI (<25 versus 225 kg/m?).
We also examined the risk of total digestive system
cancer across increments of METs to assess the shape of
the fitness-mortality curve. Finally, we explored the site-
specific cancer deaths across fitness levels. Statistical
analyses were done using SAS (version 9.1; SAS Institute)
software. All P values were calculated based on two-
sided hypothesis tests, and 95% ClIs were calculated at
the 95% level.

Results

At baseline, the mean (SD) age of the study participants
was 43.8 (9.7) years, the mean treadmill test duration was
17.9 (5.2) min, and the mean CRF measure was 11.6 (2.5)
METs. The distribution of participant characteristics for
several digestive cancer risk factors is given in Table 1
across categories of CRF. Men in the high fitness group
were more likely to have a lower BMI, to have more
favorable lipid and blood pressure profiles, to be
nonsmokers, and to have less diabetes compared with
men with low CRF. The Kaplan-Meier plot depicts the
total digestive cancer death rates by fitness group (Fig. 1).
After adjusting for all the risk factors, the resulting log-
rank test did not change materially (x? = 14.9; P < 0.001).

In a mean length of 17 years of follow-up and
661,169 person-years of observation, 283 total digestive

cancer deaths were identified. A steep inverse gradient
(Pena < 0.001) of total digestive cancer mortality rates
was observed across CRF groups (Table 2). After adjust-
ing for potential confounders (age, examination year,
smoking status, alcohol intake, and family history of
cancer), men with moderate and high CRF had 37% and
49% lower risk of death from digestive cancers, respec-
tively, than did men with low CRF (Pyena < 0.001).
Additional adjustment for BMI and personal history of
diabetes did not materially change the magnitude or the
pattern of the association.

To explore possible effect modification of the associ-
ation between CRF and total digestive cancer by BMI,
we stratified the analysns according to BMI category
(<25 and 225 kg/m? Table 2). The age-adjusted death
rate was inversely related to CRF within the normal
weight (185 < BMI < 25 kg/m Ph,e,‘d = 0.009) and
overweight/obese [BMI > 25 kg/m Pyena = 0.003;
because of the small number of deaths (only 1 death) in
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Figure 1. Kaplan-Meier plots for mortality due to total
digestive system cancer, ACLS, Dallas, TX, 1974-2003.
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Table 2. Rates and HR for digestive system cancer mortality by CRF groups, ACLS, Dallas, TX, 1974-2003

Deaths from digestive
system cancer

Mortality rate*

HR' (95% CI") HR* (95% CI¥)

All men (n = 38,801)

Low CRF 90
Moderate CRF 110
High CRF 83
P trend

Men with BMI < 25 kg/m? (n = 15,422)
Low CRF 18
Moderate CRF 37
High CRF 40
P trend

Men with BMI = 25 kg/m? (n = 23,379)
Low CRF 72
Moderate CRF 73
High CRF 43
P trend

6.8 1.00 (reference) 1.00 (reference)

4.0 0.63 (0.47-0.85) 0.66 (0.49-0.88)

33 0.51 (0.37-0.70) 0.56 (0.40-0.80)
<0.001 <0.001 0.001

5.7 1.00 (reference)

3.8 0.75 (0.42-1.37)

2.7 0.51 (0.28-0.94)

0.009 0.02

7.2 1.00 (reference)

41 0.60 (0.42-0.85)

42 0.62 (0.418-0.94)

0.003 0.01

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

TModel 1: adjusted for age, examination year, smoking status (never, past, or current), alcohol intake (drinks per week), and family history of cancer

(present or not).

¥Model 2: adjusted for all variables in model 1 plus BMI (<25 versus 2 25 kg/m?) and personal history of diabetes (present or not).

obese (BMI = 30 kg/m2) men with high CRF, we
combined the overweight and obese groups]. Similar
patterns of association were noted after adjusting for
confounders.

To examine the dose-response characteristics between
CRF levels and total digestive cancer mortality in our
population of men, we computed the age-adjusted death
rates (per 10,000 person-years) for categories of CRF
defined by increments of 1 MET across the range of 7 to
14 METs (Fig. 2). An exercise capacity of <8 METs was
associated with >3-fold higher risk of total digestive
cancer mortality compared with men having a capacity
of >11 METS (Pyeng < 0.001). Across incremental MET
levels (from <7.0 to =14.0 METs), the covariates
(including BMI and diabetes)-adjusted HR (95% CI) of
mortality were 1.0, 0.75 (0.43-1.30), 0.48 (0.30-0.76),
0.39 (0.23-0.66), 0.43 (0.26-0.71), 0.36 (0.21-0.63),
0.38 (0.21-0.69), 0.28 (0.15-0.53), and 0.38 (0.19-0.76;
Pirena < 0.001). Excluding the first 5-year of follow-up
did not materially change the magnitude and the pattern
of the association (Peng < 0.001).

Because of the small number of site-specific cancer
deaths and the similar trends in total digestive cancer
mortality across fitness levels, the moderate- and high-fit
groups were combined into one group (fit) and the low-
fit group (unfit) was used as the reference (Fig. 3). For all
digestive system cancers combined, the adjusted mortal-
ity risk associated with being fit was 0.62 (95% CI,
0.47-0.82). Being fit was associated with a lower risk
of mortality from colon cancer [0.61 (0.37-1.00)],
colorectal cancer [0.58 (0.37-0.92)], and liver cancer [0.28
(0.11-0.72)]. The associations between fitness and small
intestine, gallbladder, and pancreatic cancer were sug-
gestive of a reduced risk, but the HR (95% CI) did
not reach statistical significance [0.36 (0.02-6.61), 0.83
(0.09-7.74), and 0.75 (0.45-1.24), respectively].

Because baseline age may influence results, we
conducted additional sensitivity analyses by repeating
the above analysis in men with baseline age 35 to 74 years
(n = 32,137). The patterns of the association between
fitness and digestive cancer mortality across different
baseline age ranges were similar (data not shown).

Discussion

In this study, we observed an inverse association
between CRF and risk of total digestive cancer mortality,
with men in the moderate and high CRF groups showing
34% and 44% lower risk, respectively, of dying of
digestive cancers after adjustment of confounding by
age, smoking, drinking, and family history of cancer.
Excluding men with pre-diabetes and diabetes did not
materially change the results. Men with an exercise
capacity <8 METs had >3-fold higher risk of dying of
digestive cancer compared with those with higher MET
level (>11). These data suggest that an exercise capacity
of at least 8 METs may be needed to provide substan-
tially protective benefits.

To the best of our knowledge, only one previous study
has assessed the association of CRF with risk of dying of
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Figure 2. Age-adjusted mortality rates (per 10,000 man-years)
of total digestive system cancer by CRF levels quantified in
1-MET increments obtained during a maximal treadmill test in
men, ACLS, Dallas, TX, 1974-2003. Number at risk (number
of cases) in <7.0, 7.0 to 7.9, 8.0 to 8.9, 9.0 t0 9.9, 10.0 to 10.9,
11.0 to 11.9, 12.0 to 12.9, 13.0 to 13.9, and >14.0 was 859
(33), 1,096 (27), 4,465 (53), 4,135 (33), 6,014 (44), 5,827 (30),
5,180 (25), 5,872 (20), and 5,353 (18).
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Figure 3. Risk of site-specific digestive cancer mortality
associated with being fit (the upper 80% of the distribution of
CRF) as defined by achieving at least a moderate level of fitness
during maximal exercise testing, ACLS, Dallas, TX, 1974-
2003. The reference group was the unfit group (the lowest 20%
of the distribution of CRF). We used Cox proportional hazards
models to estimate the HR, which include age, examination
year, smoking, alcohol intake, personal history of diabetes,
family history of cancer, and BMI as covariates. Bars, 95% CI.

digestive cancer (16). However, that article examined the
role of CRF and risk of fatal digestive cancer events in
men with pre-diabetes or diabetes, whereas our article
examined a much broader male population. Our results
were similar to the previous article’s findings and show
that higher levels of CRF are associated with substan-
tially lower risk of dying from digestive cancers
(including colorectal and liver cancers). In that study,
Thompson et al. (16) found men who were fit, as defined
by achieving at least a moderate level of fitness during a
maximal exercise test, had a 45% lower risk of digestive
cancer mortality. In our study, we found that men with at
least a moderate fitness level had a 34% lower digestive
cancer risk than did men with low CRF. In our study, it
appeared that, beyond a CRF level of 8 METs (Fig. 2),
there were no substantial decreases in risk of digestive
cancer death. This finding of an apparent CRF threshold
adds insight into the association between CRF and
digestive cancer death. Although CRF has a genetic
component (25-40%; refs. 25, 26), it is clear that usual
physical activity habits are the primary determinant of
fitness. CRF can be enhanced in most individuals
through participation in moderate and vigorous physical
activities, such as brisk walking, bicycling, and jogging,
for >30 min on most days of the week (~8 kecal/kg/wk;
ref. 27). This consensus public health recommendation
will produce a maximal capacity of at least 8 METs in
most individuals.

Our finding of an inverse association between physical
activity and colorectal cancer risk is consistent with
evidence from previous studies (28-30). A previous meta-
analysis estimated ~20% to 40% lower risk of colon
cancer for high versus low leisure-time physical activity
(29). In our study, we found men with at least a moderate
fitness level had a 42% lower risk of death from colorectal
cancer than did men with low CRF.

We did not observe a significant inverse association
between CRF and mortality from pancreatic cancer, a
finding that is consistent with many studies (12, 13, 16,
31-35) but discrepant from others (9, 10, 36). However,
we did observe a 25% reduction in mortality at this site
among more fit men, but the small number of deaths
limited the precision of our estimates. Given that the
strength of the CRF-pancreatic cancer association was
somewhat weaker than the risk estimates we observed
for colorectal and liver cancer mortality (HR, 0.28-0.58), it
may be that the association between pancreatic cancer
and activity-related exposure is weaker. Because physical
activity is a complex behavior and often imprecisely
measured in epidemiologic studies, the combination of
exposure measurement error and a weaker association
may account for the heterogeneity in previous reports
using self-reported physical activity as the exposure. We
speculate that these two factors may be contributing to
the inconsistency in previous findings. Future studies
will be warranted to further explore this issue and
confirm the present findings.

Little information is available on the association
between physical activity or CRF and other types of
digestive cancer. In this study, higher fitness was shown
to be associated with significantly lower risk of liver
cancer. This is consistent with the findings among men
with pre-diabetes and diabetes (16). The findings with
regard to stomach cancer have not been consistent. We
found an inverse trend on stomach cancer as well as in
men with diabetes (16), although the trend was not
statistically significant possibly due to the small number
of deaths. The British Regional Heart Study found the
same nonsignificant inverse trend between physical
activity and stomach cancer (15). In contrast, the Japanese
Hawaiian Cancer Study found increased activity to be
associated with higher risk of stomach cancer, but the
results were preliminary (14). Only one previous study
reported a lower risk of oral/esophagus cancer with
moderate vigorous activity (15). We observed a similar
trend. Regarding bladder cancer, neither the Japanese
Hawaiian Cancer Study (14) nor the current study found
any association between activity and urinary bladder
cancer; however, the British Regional Heart Study (15)
showed significant increase in risk of bladder cancer
among men who were vigorously active. Finally, we
observed a nonstatistically significant lower risk of small
intestine cancer among men with high fitness. Despite the
absence of a prior hypothesis for the sites shown in Fig. 3,
fitness appeared to be protective overall. These findings
may provide clues for future research, in studies having
larger sample sizes and employing rigorous methods of
measuring fitness (such as were available to us).

Several biological mechanisms have been proposed to
explain how higher levels of physical activity may
protect against cancer in general and cancers of the
digestive tract in particular. Physical activity is known to
affect cancer development through immune system
function, insulin sensitivity, and growth factor levels
(37-39). It is unclear which mechanisms are important for
different sites of digestive cancer. Any or all of these
mechanisms may influence general susceptibility to
cancer (38). There are links between colorectal cancer
and central obesity (40, 41) and insulin and the insulin-
like growth factor-I axis (42). Biologically, it appears that
insulin resistance and abnormal glucose metabolism may
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be related to increased risk of pancreatic cancer. We
specifically examined two potential obesity-related medi-
ators of the association (BMI and diabetes) in our
sequential models and found that adjustment for these
factors had relatively little influence on the strength of
associations observed. This finding suggests adiposity
and diabetes, as measured in our study, are not strong
mediators of the associations of interest. Evidence
suggests that higher plasma glucose level after an oral
glucose load is predictive of pancreatic cancer mortality
(5) as is a diagnosis of diabetes (4). However, little is
known about the specific mechanisms between physical
activity and stomach, small intestine, liver, bladder, and
other digestive tract cancers. Potential mechanisms,
specific to gastrointestinal health, include decreased fecal
transit time, reduced bile secretion, altered prostaglandin
synthesis, and gut flora (43). Additional research is
needed to clarify the complicated association between
activity and digestive tract cancers.

This large prospective study with a long follow-up
interval has several strengths that should be considered.
First, it is rare to have a measure of fitness in a
prospective study of digestive cancer mortality. Second,
our extensive baseline examination to evaluate health
status (such as cancer and diabetes), careful measure-
ment of body size, and other lifestyle factors addresses
the potential for confounding by these factors to
influence our results. Our study also has limitations that
should be considered. First, we are unable to adjust for
dietary factors such as fiber and saturated fat intake in
the current study. Second, although we had a hard
endpoint of digestive cancer mortality, it is not possible
to determine completely whether higher levels of CRF
protected men against developing cancer or whether it
aided their survival after their diagnosis. However, the
low 5-year survival rates for many of these cancers
(especially pancreatic and liver cancer) make incidence
and mortality essentially interchangeable (as virtually
everyone diagnosed with the cancer dies of the cancer;
ref. 44). Fitness also appeared to be protective against
esophagus, stomach, small intestine, and gallbladder
cancer mortality, although statistical significance was
not achieved because of the small number of deaths
associated with these sites. Third, few studies have
examined the relationship between physical activity and
cancer risk in anatomic segments of the colon with
conflicting results (45). Unfortunately, we do not have
data regarding specific subsite colon cancer risk. Another
limitation to the current findings is that the study
population consists mainly of White men in the middle
and upper socioeconomic strata; thus, results may not be
generalizable to other adult populations but should not
affect the internal validity of our findings. In terms of
exposure assessment, we classified men at study enroll-
ment, but in the present analysis we were unable to
evaluate the effect of changes in fitness over time on our
outcomes. It is possible, but not very likely, that many
low-fit men increased their fitness levels at some point in
the follow-up interval. Additionally, others may have
experienced decreases in this component. Therefore, we
cannot examine whether changes in fitness and other
exposures occurred during follow-up. However, such
misclassification of exposure would likely underestimate
the magnitude of the association observed in the present
study. We had insufficient information to assess the effect

of aspirin and other nonsteroidal anti-inflammatory
drugs on outcome. Future studies should include such
information whenever possible.

In summary, the findings from this study provide
evidence supporting a protective role of CRF on risk of
digestive cancer mortality and that a relatively low
threshold of CRF may be needed. The consensus public
health guideline to obtain 150 min/wk of moderate-
intensity physical activity will improve fitness levels and
produce this threshold in most individuals. Given the
public health burden of digestive cancer, future research
needs to determine the specific biological characteristics
of exercise related to digestive cancer risk and if a dose-
response relationship exists.
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PHYSICAL FITNESS AS A PREDICTOR OF MORTALITY AMONG HEALTHY, MIDDLE-AGED
NORWEGIAN MEN

Lewv Sanpvik, M.Sc., Jan Erikssen, M.D., D.Sc., Erik TaauLow, M.D., D.Sc., GunNar Erikssen, M.D.,
Remar Munpar, M.D., anp Kaare Ropanr, M.D,, D.Sc.

Abstract Background. Despite many studies suggest-
ing that poor physical fitness is an independent risk factor
for death from cardiovascular causes, the matter has re-
mained controversial. We studied this question in a 16-
year follow-up investigation of Norwegian men that began
in 1972.

Methods. Our study included 1960 healthy men 40 to
59 years of age (84 percent of those invited to participate).
Conventional coronary risk factors and physical fitness
were assessed at base line, with physical fitness meas-
ured as the total work performed on a bicycle ergometer
during a symptom-limited exercise-tolerance test.

Results. After an average follow-up time of 16 years,
271 men had died, 53 percent of them from cardiovascular
disease. The relative risk of death from any cause in fit-
ness quartile 4 (highest) as compared with quartile 1 (low-
est) was 0.54 (95 percent confidence interval, 0.32 to 0.89;
P = 0.015) after adjustment for age, smoking status, se-

HYSICAL activity beyond a certain level and du-

ration is necessary to improve physical fitness' and
may be an important factor in the prevention of death
from ischemic heart disease.? Since physical activity
is more difficult to quantify than the level of phys-
ical fitness, however, the latter has gained popularity
in the assessment of both cardiovascular function and
long-term cardiovascular health. Recent reports®!!
conclude that a low level of physical fitness is associ-
ated with increased mortality from cardiovascular
causes during the subsequent five to eight years, a
finding that corroborates our observations over a sev-
en-year period in 2014 apparently healthy men 40 to
59 years of age.'?

The aims of the present study were to search for a
possible graded association between physical fitness
and overall mortality or mortality from cardiovascular
causes and to determine whether our results after
7 years'? would persist after the substantially longer
observation period of 16 years.

MEeTHODS
Subjects

The subjects participating in this study were recruited from five
companies in Oslo, Norway, from 1972 through 1975. The male
employees of these companies included both white-collar and blue-
collar workers considered to be typical of the healthy working male
population of Norway. All 2341 healthy men 40 to 59 years of age
waorking for the companies were invited to participate in the study,
and 2014 of them (86 percent) accepted. None were using cardioac-
tive drugs or drugs that might affect exercise performance or heart-
rate response.

A subject was considered healthy if none of the following dis-
orders were present, as determined by a thorough screening of the
health file or by medical examination: coronary heart disease, other

From the Medical Department, Central Hospital of Akershus, Nordbyhagen,
Norway (L.S., J.E., G.E.), and the National University Hospital (E.T.), the
Ullevaal Hospital (R.M.), and the Department of Work Physiology, University
of Oslo (K.R.) — all in Oslo, Norway. Address reprint requests to Dr. Jan
Erikssen at the Medical Department, Central Hospital of Akershus, N-1474 Nord-
byhagen, Norway.

rum lipids, blood pressure, resting heart rate, vital capac-
ity, body-mass index, level of physical activity, and glu-
cose tolerance. Total mortality was similar among the sub-
jects in fitness quartiles 1, 2, and 3 when the data were
adjusted for these same variables.

The adjusted relative risk of death from cardiovascular
causes in fitness quartile 4 as compared with quartile
1 was 0.41 (95 percent confidence interval, 0.20 to 0.84;
P = 0.013). The corresponding relative risks for quartiles
3 and 2 (as compared with quartile 1) were 0.45 (95
percent confidence interval, 0.22 to 0.92; P = 0.026)
and 0.59 (95 percent confidence interval, 0.28 to 1.22;
P = 0.15), respectively.

Conclusions. Physical fithess appears to be a graded,
independent, long-term predictor of mortality from cardio-
vascular causes in healthy, middle-aged men. A high level
of fitness was also associated with lower mortality from
any cause. (N Engl J Med 1993;328:533-7.)

heart diseases, hypertension treated with drugs, diabetes mellitus,
cancer, advanced pulmonary disease, advanced renal disease, liver
disease, and miscellaneous diseases, including disorders of the mus-
culoskeletal system preventing the subject from taking a symptom-
limited bicycle exercise test. The details of the selection procedures
have been presented elsewhere.'

Base-Line Measurements

The study was carried out at the National University Hospital of
Oslo (the Rikshospitalet). The examination included a comprehen-
sive medical history, physical examination, a panel of blood tests
(including a lipid profile and an intravenous glucose-tolerance test),
phonocardiography, chest radiography, a spirographic study, rest-
ing electrocardiography, and a symptom-limited bicycle exercise-
tolerance test.'? Physically active men were defined as those who
exercised at least twice a week to the level of sweating and becoming
short of breath, participated in sports competitions, or both.'* With
respect to smoking habits, the participants were described as having
never smoked, as having formerly smoked, or as currently smoking
either 1 to 9 or 10 or more cigarettes daily. Resting blood pressure
and heart rate were measured after the patient had been in the
supine position for five minutes. Cholesterol and triglyceride con-
centrations were determined by standardized methods, as reported
elsewhere,'® as were details of the intravenous glucose-tolerance
test.'® To measure glucose tolerance, the rate of disappearance of
glucose, expressed as the percentage disappearing per minute (the
K value), was used.'® In the spirographic study, vital capacity and

forced vital capacity in one second were measured with a Bernstein

spirometer, and peak expiratory flow with a Wright peak flowmeter,
as described elsewhere.'” All the participants were examined be-
tween 7:30 a.m. and 10:30 a.m. after abstaining from eating and
smoking for at least 12 hours. :

The exercise tests were conducted on an electrically braked
Elema bicycle that was repeatedly calibrated during the study.
When set at a particular workload, the cycle ergometer demands a
constant output of energy from the test subject, regardless of the
rate at which the subject pedals. The initial workload was set at
1.405 kcal per minute in all but 2 percent of the subjects, who start-
ed at 0.703 kcal per minute because their state of physical fitness
appeared to be very poor. Increments of 0.703 kcal per minute were
added every six minutes. The subjects were encouraged to continue
exercising until they were exhausted. If a subject stated that he felt
unable to continue the test, without giving specific reasons, the test
was always terminated, regardless of other findings. The exercise
protocol specified the following reasons for terminating a test: major
cardiac arrhythmias, a drop in the systolic blood pressure of at least
10 percent on two successive measurements one minute apart to-
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ward the end of the test, heart block, ST-segment depression greater
than 3 mm, severe dyspnea, or increasing chest pain.

Work capacity was calculated as the sum of the work performed
(in kilocalories) at each workload until the termination of the test.
Physical fitness was measured as the difference between the ob-
served and expected work capacities according to the subject’s body
weight (as defined below under Statistical Analysis).

Exercise testing was repeated within two weeks in 130 partici-
pants. The two measurements of work capacity were within 5 per-
cent of each other for 90 percent of the men and within 10 percent
of each other for the entire group.

Identification of Deaths

Information about the times and causes of death was 100 percent
complete by December 31, 1989. These data were obtained from the
Norwegian Central Bureau of Statistics, as described elsewhere.'?
The specific causes of death are given according to the International
Classification of Diseases, 9tk Revision. On the basis of this information,
each death was classified as having either a cardiovascular or a
noncardiovascular cause.

Statistical Analysis

A graph of work capacity and body weight suggested linear asso-
ciations in the group with a body weight of <75 kg and in the
group with a body weight of >75 kg, with a shallower slope in
the latter group. Linear regression analysis was performed sepa-

rately in the two groups, with work capacity used as the depend-

ent variable and body weight as the independent variable. The
resulting regression function was calculated for each subject, and
this value was labeled “expected working capacity according to
body weight.”

The association between the subject’s fitness level and mortality
(from cardiovascular, noncardiovascular, and all causes) was first
assessed by presenting annual mortality according to the fitness
quartiles. The relation between the fitness level and the variables
studied was assessed by determining the mean values for the vari-
ables in each fitness quartile.

The association between the time to death (from cardiovascular
causes or all causes) and the measurement of fitness, as well as
selected variables, was investigated by means of the proportional-
hazards model.'® Three models were investigated. The first referred
to mortality from cardiovascular causes and included physical fit-
ness, age, and smoking status. The second model included, in addi-
tion, resting systolic blood pressure, resting heart rate, cholesterol
and triglyceride levels, body-mass index (the weight in kilograms
divided by the square of the height in meters), vital capacity, phys-
ical-activity level, and glucose tolerance as assessed by the intrave-
nous glucose-tolerance test (the K value).'® The third model re-
ferred to overall mortality and included the same variables as the
second model.

The results obtained with the models are presented as relative
risks. For a continuous variable, the relative risk of death from
cardiovascular causes associated with a given change in the variable
is presented after adjustment for all other variables in the model.
The change studied was 2 SD (in the direction of increased risk)
above the mean values for systolic blood pressure, cholesterol level,
triglyceride level, vital capacity, and body-mass index; for age, the
change studied was an increase of 10 years. For the graded variables
(e.g., fitness level and smoking status) and the binary variables
(e.g., K value and physical-activity level), the relative risks of death
from cardiovascular causes between groups are presented. All the
P values presented are two-tailed.

The assumptions of the proportional-hazards model were
checked for all three models and found to be adequately met. The
models were computed with the use of the proportional-hazards
: gcnc:;al procedure for a linear model in the SAS computer pack-
age.!

RESULTS
All 2014 men included in the study completed the
exercise test according to the protocol, and 97.4 per-

cent started the second stage of the test. Twenty-
two exercise tests were terminated because the sub-

Feb. 25, 1993

jects had increasing chest pain during the test. None
had reported chest pain during their usual activities.
Three exercise tests were interrupted because the sub-
ject’s blood pressure reached 300 mm Hg; 1 had a
decrease in blood pressure of at least 10 percent; 21
had arrhythmias; none had heart block; and 9 had
ST-segment depressions of more than 3 mm. Of the
54 men who had at least one of these complications
32, 11, 5, and 6 belonged to fitness quartiles 1, 2, 3,
and 4, respectively, when all 2014 men were catego-
rized in fitness quartiles. Because of the possibility
that these 54 men had cardiovascular disease at base
line, they were excluded from further analysis. The
remaining 1960 men, who stopped exercising because
of obvious exhaustion, because they said they were
unable to exercise further, or both, make up the pres-
ent series. Their mean age was 49.9 years (range, 40.0
to 59.9). The average follow-up period was 15.9 years
(range, 14 to 17), during which 271 of the men died,
143 (52.8 percent) of them from cardiovascular dis-
eases (89 percent of these men died from myocardial
infarction or had sudden and unexpected deaths). Of
the 143 men who died of cardiovascular causes, 61
were in fitness quartile 1, 45 in quartile 2, 26 in quar-
tile 3, and 11 in quartile 4. There were 45, 32, 38, and
13 deaths from other causes in the respective quartiles,
for an overall mortality of 106, 77, 64, and 24, respec-
tively.

Table 1 shows the values in each fitness quartile for
a number of selected base-line variables. The higher
the level of fitness, the higher the vital capacity and
the lower the resting heart rate, blood pressure, cho-
lesterol level, and prevalence of smoking. A high level
of fitness was also strongly associated with a high level
of physical activity in leisure time. All these associ-
ations were statistically significant (P<<0.001). Virtu-
ally identical results were found when the data were
corrected for differences in mean age among the quar-
tiles (data not shown).

The relation between the fitness measure and annu-
al mortality (from cardiovascular, noncardiovascular,
and all causes) is shown in Table 2. Age-adjusted mor-
tality from cardiovascular causes decreased with in-
creasing fitness among both smokers and nonsmokers,
and in all but the highest fitness quartile, smokers had
a higher mortality due to cardiovascular causes than
nonsmokers. In the highest fitness quartile, smokers
and nonsmokers had similar mortality from cardiovas-
cular causes.

The relation between fitness level and age-adjusted
cumulative mortality from cardiovascular causes over
the 16-year period is shown in Figure 1. Mortality
from cardiovascular causes was very low in all the
fitness subgroups during the first four years of ob-
servation, whereas the difference in mortality be-
tween quartile 1, the lowest fitness quartile, and the
other three began to appear only after five years.
The difference between quartile 4, the highest fitness
quartile, and quartiles 2 and 3 was first observed
after seven years and increased consistently there-
after. Mortality from cardiovascular causes was simi-
lar in quartiles 2 and 3 during the first 13 years,
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whereas a tendency toward a differ-
ence in favor of quartile 3 was seen
at 16 years.

Relative Risks among Fitness
Quartiles

Mortality from Cardiovascular Causes

The relative risk of death from
cardiovascular causes in quartile
4 as compared with quartile 1 was
0.30 (95 percent confidence inter-
val, 0.15 t0 0.61; P<0.001) after ad-
justment for age and smoking sta-
tus. This relative risk was 0.41 (95
percent confidence interval, 0.20
to 0.84; P = 0.013) after further
adjustment for systolic blood pres-
sure, cholesterol level, triglyceride
level, vital capacity, K value, rest-
ing heart rate, body-mass index,
and physical-activity level (Table
3). The relative risk of death from
cardiovascular causes in quartile
4 as compared with quartile 3 was
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Table 1. Base-Line Clinical and Laboratory Values in 1960 Healthy Men 40 to 59.9
Years of Age, According to Fitness Level.*

VARIABLE FITNESS QUARTILE
1 (LOWEST) 2 3 4 (HIGHEST)
(N = 4%0) (N = 491) (N = 492) (N = 487)
mean=SD
Total work performed (kcal) 16.3x43 22.2*43 27.5%4.1 40.2+10.0
Duration of exercise test (min) 9.6x2.1 12.2x1.8 14315 18.5+3.0
Age (yn) 52.6+5.2 51.0%5.2 48.8+5.1 46.6+4.6
Resting heart rate (beats/min) 64=10 62+10 61x9 59+9
Blood pressure (mm Hg)
Systolic 13720 131x18 127£16 125215
Diastolic 91%11 8810 86+10 85x10
Cholesterol (mg/dl) 263+46 263+46 255+46 24746
Triglycerides (mg/dl) 12668 121+68 113£58 10148
Body-mass index 25.5%2.8 24.6x2.9 24.0x2.5 24.0x2.5
Vital capacity {(ml) 4029+860 4304800 4539857 4827867
percent
K value <0.9 92 7.1 6.5 4.3
Current smokers 53 49 43 28
Physically activet 5 6 12 29

*To convert values for cholesterol to millimoles per liter, multiply by 0.02586, and to convert values for triglycerides to
millimoles per liter, multiply by 0.01129.
tAs defined in the Methods section.

0.50 (95 percent confidence inter-
val, 0.23 to 1.05; P = 0.068) after adjustment for age
and smoking status.

A high level of physical activity as defined in the
present study had no independent prognostic value,
nor did body-mass index, resting heart rate, or fasting
triglyceride level. All the other variables were signifi-
cantly and independently associated with mortality
from cardiovascular causes (Table 3).

Overall Mortality

After adjustment for the same variables that were
used in the model for mortality from cardiovascular
causes, the relative risk of mortality from any cause
was as follows when the three other quartiles were
compared with quartile 1: for quartile 4, 0.54 (95 per-
cent confidence interval, 0.32 to 0.89; P = 0.015); for
quartile 3, 1.00 (95 percent confidence interval, 0.71 to
1.41; P = 0.92); and for quartile 2, 0.92 (95 percent
confidence interval, 0.66 to 1.28; P = 0.58). It is note-
worthy that a comparison between quartiles 4 and 3
revealed a relative risk in quartile 4 of 0.53 (95 percent
confidence interval, 0.32 to 0.87; P = 0.010), whereas
the comparison of quartile 4 with quartile 2 revealed a
relative risk of 0.59 (95 percent confidence interval,
0.36 to 0.96; P = 0.031). Thus, overall mortality was
significantly lower in quartile 4 than in all three other
quartiles. '

DiscussioN

Our study has demonstrated a graded, inverse asso-
ciation between physical fitness and mortality from
cardiovascular causes over a period of 16 years that is
independent of age and conventional coronary risk
factors. These findings corroborate and amplify our
previous reports after a follow-up of seven years®'?
and are in close accord with the findings of other re-
cent studies.*!!

After adjustment for age and smoking status, over-
all mortality and mortality from cardiovascular causes
were both observed to be lower among men in the
quartile with the highest level of fitness than among
the men in the remaining quartiles. Thus, although
physical fitness appears to be more closely associated
with mortality from cardiovascular causes than with
overall mortality, the men in the quartile with the
highest level of fitness appeared to be protected from
death from all causes. In a previous study, Blair et
al. reported an inverse relation between fitness and

Table 2. Annual Age-Adjusted Mortality from Cardiovascular,
Noncardiovascular, and All Causes in 1960 Men during 16 Years
of Follow-up, According to Fitness Level and
Smoking Status.

SMOKING STATUS AND CAUSE

OF DEATH* Firness QuarTiLET
1 (LOWEST) 2 3 4 (HIGHEST)
annual mortality per 100
Never smoked
CvVD 0.62 0.29 0.24 0.23
Other 0.25 0.34 0.24 0.17
All 0.87 0.63 0.48 0.40
Former smokers
0.53 0.35 0.22 0.14
Other 0.28 0.31 0.40 0.23
All 0.81 0.66 0.62 0.37
1-9 cigarettes daily
CvVD 0.55 0.88 0.41 0.26
Other 0.55 0.26 0.69 0.26
All 1.10 1.14 1.10 0.52
=10 cigareties daily N
CvVD 0.70 0.66 0.68 0.26
Other 0.67 0.53 0.93 0.39
All 1.37 1.19 1.61 0.65

*CVD denotes cardiovascular discase.

tAmong the men included in this analysis who never smoked, 113 were in quartile I, 113in
quartife 2, 110 in quartile 3, and 159 in quartile 4. Among former smokers, there were 119,
135, 172, and 190 in the respective quartiles; among men smoking 1 to 9 cig daily, 77,
91, 86, and 65; and among men smoking 10 or more cigarettes daily, 181, 152, 124, and 73.
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Figure 1. Cumulative Age-Adjusted Mortality from Cardiovascular
Causes over 16 Years of Follow-up, According to Fitness
Quartile.

death from cancer.® However, their data were not ad-
justed for smoking status.

Maximal work capacity, as defined in the present
study, has been shown to be highly correlated with
maximal oxygen uptake,” indicating that our measure
of fitness is closely related to this most accepted meas-
ure of physical fitness.! To our knowledge, no study
has suggested reduced survival in the presence of a
high level of physical fitness. Instead, all major pub-
lished studies, both North American**%!° and Euro-
pean,>>® suggest a favorable long-term outcome in
subjects with high as compared with low levels of
physical fitness, regardless of how fitness is measured
and defined.*'® The unadjusted risk ratio of 4.8 for
mortality from cardiovascular causes over seven years
in our study when subjects from the lowest fitness

Table 3. Relative Risk of Death from Cardiovascuiar Causes in
1960 Healthy Men during 16 Years of Follow-up, Associated with
Specific Changes or Comparisons of Base-Line Variables.

95 PERCENT
RELATIVE CONFIDENCE
VARIABLE* Risx INTERVAL P VaLue
Age (increase of 10 yr) 2.9 2.0-4.3 <0.001
Smoking status (vs. those
who never smoked)
=10 cigarettes/day 1.8 1.1-2.8 0.032
1-9 cigarettes/day 2.0 1.2-3.2 0.003
Former smokers 1.0 0.6-1.6 0.95
Fitness level (vs. quartile 1)
Quartile 4 0.41 0.20-0.84 0.013
Quartile 3 0.45 0.22-0.92 0.026
Quartile 2 0.59 0.28-1.22 0.15
K value (<0.9 vs. >0.9) 2.0 1.3-3.4 0.005
Systolic blood pressure (increase L5 1.1-2.1 0.010
of 36 mm Hg)
Cholesterol (increase of 1.5 1.1-2.1 0.004
93 mg/d} {2.4 mmol/liter])
Vital capacity (decrease 14 1.05-2.1 0.029
of 1702 ml)
Triglycerides (increase of 1.1 0.7-1.7 0.62
120 mg/dl [1.36 mmoV/liter])
° Body-mass index (increase 1.1 0.7-1.7 0.56
of 5.4)
Physical activity (active vs. 1.1 0.7-1.7 0.53
not active)
Resting heart rate (increase 1.2 0.8-1.8 0.20
of 18 beats/min)

*For categorical variables, the risks for categories are compared, whereas for continuous
vasiables, risks are given for an increase in the variable of 2 SD in the direction of increased
risk, as described in the Methods section.

Feb. 25, 1993

quartile were compared with those from the highest® is
close to the risk ratios reported by others during fol-
low-up periods of seven to nine years.*®1%!!

We also observed a marked difference in mortality
from cardiovascular causes between the subjects with
intermediate levels of physical fitness (quartiles 2 and
3) and those with high levels (quartile 4). This finding
would have remained undetected if our cohort had
been followed for only 10 years (Fig. 1), as was the
case in previous studies.*’

These associations between fitness and mortality
from cardiovascular causes can be used to assess the
risk of cardiovascular disease among healthy subjects
only if the subjects tested in the cited studies were
truly healthy.*!° This prerequisite seems to have been
met despite variation in the methods of selecting sub-
jects.>'% Our selection procedure ought to have been
reasonably successful in excluding subjects with pre-
existing cardiovascular disease, as the very low initial
mortality suggests (Fig. 1).

Although the genetic component of physical fitness,
as defined by a subject’s maximal oxygen uptake, has
been suggested to be approximately 40 percent,?' this
leaves about 60 percent of the variation between
people attributable to other causes. Among these,
physical activity, the key determinant,’? is known to
influence favorably a number of risk factors for coro-
nary heart disease, such as the levels of cholesterol
and triglycerides, and blood pressure.®???* Moreover,
physical activity improves glucose tolerance and insu-
lin sensitivity,?® increases fibrinolysis,”?® increases
levels of high-density lipoprotein cholesterol,® im-
proves oxygen uptake in the heart as well as in periph-
eral tissues,' and increases the dimensions of coronary
arteries and the formation of collateral vessels in ani-
mals.”3' Physical training also reduced the tendency
to coronary vasospasm in one animal model® and in-
creased the threshold for ventricular fibrillation in ex-
ercising rats.3>3® Regular exercise also lowers the rest-
ing heart rate by increasing vagal tone.’* A low heart
rate js associated with a low mortality rate in hu-
mans** and appears to protect against the develop-
ment of coronary atherosclerosis in monkeys.*” Plate-
let aggregation has also been shown to decrease in
exercising subjects.®®*® Furthermore, a high level of
physical activity appears to protect against death from
cardiovascular disease.?

Although physical activity is not an independent
predictor of mortality from cardiovascular causes, a
close, direct correlation between reported physical ac-
tivity and level of physical fitness was found in our
study, as in previous studies.** Our estimates of
physical activity during leisure hours are too crude,
however, to allow speculation about its role in the
prevention of death from cardiovascular disease.'*

The associations in the present report, as in most
others, have been corrected for differences in well-rec-
ognized coronary risk factors.>'? Thus, although our
findings may conceivably be explained by important,
currently unrecognized risk factors, a low level of
physical fitness appears to be an important coronary
risk factor.
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Although studies showing a favorable association
between fitness and mortality might be more likely to
be published than negative studies, the uniformity of
the published literature and the observed graded rela-
tion argue against a publication bias of any conse-
quence. Many previous studies may be criticized
for possible selection biases or inadequate descrip-
tions of selection procedures,*!? but these shortcom-
ings notwithstanding, the results from all these studies
are remarkably similar.>'? Accordingly, the aggregate
data in the literature represent a body of evidence
that, according to epidemiologic principles,* suggests
a causal relation between physical fitness and mor-
tality from cardiovascular causes. The associations
observed worldwide are consistent, strong, graded,
plausible, coherent, appropriately sequenced, and rea-
sonably unbiased.*’ Only experimental evidence, diffi-
cult to obtain in humans, is still lacking in the final
chain of proof.*!

Whether genetic superiority among fit subjects ex-
plains these findings is unknown, but the close associ-
ation between fitness level and mortality from cardio-
vascular causes tends to argue against it as the only
explanation. Instead, one may speculate whether low
fitness in the absence of disease often signifies a life-
style with inherent unfavorable consequences for car-
diovascular health.

This apparently simple pattern, also observed by
others,*'%is complicated in our study by the finding of
strikingly low overall mortality in the men from the
highest fitness quartile as compared with those in the
other three quartiles. The reason for this finding re-
mains obscure, although several explanations may be
conjectured. We have no data to allow further specula-
tions, however, and this finding should be considered
an observation that warrants further study.

We are indebted to Mrs. Sélvcig Eggen for her assistance in the
preparation of the manuscript.

REFERENCES

1. Astrand P-O, Rodahl K. Textbook of work physiology: physiological bases
of exercise. 3rd ed. New York: McGraw-Hill, 1986.

2. Powell KE, Thompson PD, Caspersen CJ, Kendrick JS. Physical activity
and the incidence of coronary heant disease. Annu Rev Public Health
1987;8:253-87.

3. Lie H, Mundal R, Erikssen J. Coronary risk factors and incidence of coro-
nary death in relation to physical fitness: seven-year follow-up study of
middle-aged and elderly men. Eur Heart J 1985;6:147-57.

4. Ekelund L-G, Haskell WL, Johnson JL, Whaley FS, Criqui MH, Sheps DS.
Physical fitness as a predictor of cardiovascular mortality in asymptomatic
North American men: the Lipid Research Clinics Mortality Follow-up
Study. N Engl J Med 1988;319:1379-84.

5. Sobolski J, Komitzer M, De Backer G, et al. Protection against isch

23.

24.

26.

27.

28.

29.

31.
32.

33

35.

. Erikssen J. Aspects of latent

PHYSICAL FITNESS AS A PREDICTOR OF MORTALITY IN MEN — SANDVIK ET AL. 537

. Slattery ML, Jacobs DR Jr. Physical fitness and cardiovascular disease

mortality: the US Railroad Study. Am J Epidemiol 1988;127:571-80.
Erikssen J, Mundal R. The patient with coronary artery disease without
infarction: can a high-risk group be identified? Ann N'Y Acad Sci 1982;382:
438-49.

y hean di: ap and meth-
odological validation study in app ly healthy, workmg middle aged
men. (Thesis. Oslo, Norway: University Hospital (Rikshospitalet), Med.
Dep. B, 1978)

Mundal R, Erikssen J, Rodahl K. Assessment of physical activity by ques-
tionnaire and personal interview with particular reference to fitness and
coronary mortality. Eur J Appl Physiol 1987;56:245-52.

. Erikssen J, Skrede S. Serum lipids and latent coronary insufficiency. Scand

J Clin Lab Invest 1977;37:243-50.

Erikssen J, Enger SC. 1 us gl 1 test in middle-aged
men with and without latent coronary heart disease. Acta Med Scand 1977;
202:357-62.

Rose G, Blackburn H. Cardiovascular survey methods. World Health Or-
ganization monograph series no. 56. Geneva: World Health Organization,
1968,

Cox DR. Regression models and life-tables. J R Stat Soc (B] 1972;34:187-
220.

SUGI supplemental library user’s guide, version 5 ed. Cary, N.C.: SAS
Institute, 1986.

Bonjer FH. Measurement of working capacity by assessment of the aerobic
capacity in a single session. Fed Proc 1966;5:1363-5.

Bouchard C, Lesage R, Lortie G, et al. Aerobic performance in brothers,
dizygotic and monozygotic twins. Med Sci Sports Exerc 1986;18:639-
46.

Crow RS, Rautaharju PM Prineas RJ, et al. Risk factors, exercise fitness
and el grap o ise in 12,866 men at high risk of
hean di Am J Cardiol 1986,57:1075-82.
Schwane JA, Cundlff DE. Relationships among ioresp y fitness,
regular physical activity, and plasma lipids in young adults. Metabolism
1979;28:771-8.
Gordon DJ, Leon AS, Ekelund LG, et al. Smoking, physical activity, and
other predictors of endurance and heart rate response to exercise in asympto-
matic hypercholesterolemic men: the Lipid Research Clinics Coronary Pri-
mary Prevention Trial. Am J Epidemiol 1987;125:587-600.
Enger SC, Herbjgmsen K, Erikssen J, Fretland A. High density lipoproteins
(HDL) and physical activity: the infl of physical ise, age and
smoking on HDL-cholesterol and the HDL-/total cholesterol ratio. Scand J
Clin Lab Invest 1977;37:251-5.
Kemmer FW, Berger M. Exercise and diabetes melhtus. physical activity as
part of daily life and its role in the t of di Int J Sports
Med 1983;4:77-88.
Fearnley GR, Lackner R. The fibrinolytic activity of normal blood. Br J
Haematol 1955;1:189-98.
Rosing DR, Brakman P, Redwood DR, et al. Blood fibrinolytic activity in
man: diurnal variation and the response to varying intensities of exercise.
Circ Res 1970;27:171-84.
Bove AA, Dewey JD. Proximal coronary vasomotor reactivity after exercise
ining in dogs. Circulation 1985;71:620-5.
Kramsch DM, Aspen AJ, Abramowuz BM, Kreimendahi T, Hood WB Jr.
Reduction of y ath 1 by mod conditioning exercise in
monkeys on an atherogenic diet. N Engl J Med 1981;305:1483-9.
Wyatt HL, Mitchell J. Influences of physical conditioning and decondition-
ing on coronary vasculature of dogs. J Appl Physiol 1978;45:619-25.
Billman GE, Schwartz PJ, Stone HL. The effects of daily exercise on
susceptibility to sudden cardiac death. Circulation 1984,69:1182-9,
Noakes TD, Higginson L, Opie LH. Physical training increases ventricular
ﬁbnllatmn thresholds of isolated rat hearts during normoxia, hypoxia and
I isch Circulation 1983;67:24-30.
Kenncy WL. Parasympathetic control of resting heart rate: relationship to
acrobic power. Med Sci Sports Exerc 1985;17:451-5.
Berkson DM, Stamler J, Lindberg HA, et al. Heart rate: an important risk
fac!or for coronary mortality — ten-year experience of the Peoples Gas Co.:

heart disease in the Belgian Physical Fitness Study: physical fitness rather
than physical activity? Am J Epidemiol 1987;125:601-10.

6. Blair SN, Kohl HW 1II, Paffenbarger RS Jr, Clark DG, Cooper KH, Gib-
bons LW. Physical fitness and all-cause mortality: a prospective study of
healthy men and women. JAMA 1989;262:2395-401.

7. Taylor HL, Klepetar E, Keys A, Parlin N, Blackburn H, Puchner T. Death
rates among physically active and sedentary employees of the railroad indus-
try. Am J Public Health 1962;52:1697-707.

8. Peters RK, Cady LD Jr, BlSChOff DP Bemstein L, Pike MC. Physical
fitness and sub my farction in healthy workers. JAMA
1983;249:3052- 6.

9. Wilhelmsen L, Bjure J, Ekstrgm-Jodal B, et al. Nine years’ follow-up of a
maximal exercise test in a random population sample of middle-aged men.
Cardiology 1981;68:Suppl 2:1-8.

10. Bruce RA, Hossack KF, DeRouen TA, Hofer V. Enhanced risk assessment
for primary y heart di events by imal ise testing: 10
years' experience of Seattle Heart Watch. J Am Coll Cardiol 1983;2:565-73.

36.

37.

38.

39.

41.

idemiologic study (1958-68). In: Jones RJ, ed. Atherosclerosis: proceed-
mgs of the Second Intemational Symposium. New York: Springer-Verlag,
1970:382-9.
Dyer AR, Persky V, Stamler J, et al. Heart rate as a prognostic factor for
coronary heart disease and mortality: findings in three Chicago epidemiolog-
ic studies. Am J Epidemiol 1980;112:736-49.
Beere PA, Glagov S, Zarins CK. Retarding effect of lowered heart rate on
coronary atherosclerosis. Science 1984;226:180-2.
R R, Salonen JT, Seppinen K, et al. Inhibiti
bility by moder ity physical ise: ar
overweight men. Circulation 1986;74:939-44.
Rauramaa R, Salonen JT, Kukkonen-Harjula K, et al. Effects of mild exer-
cise on serum lipoproteins and metabolites of arachidonic acid: a controlled
randomised trial in middle aged men. BMJ 1984;288:603-6.
Blair SN. Physical activity leads to fitness and pays off. Physician Sports
Med 1985;13(3):153-7.
Statistical evidence and inference. In: Bradford Hill A. Principles of medical
statistics. 9th ed. New York: Oxford University Press, 1971:309-23.

on of platelet aggrega-
domized clinical trial in

The New England Journal of Medicine
Downloaded from nejm.org at NATIONAL INSTITUTE OF INFECTIOUS DISEASE on August 23, 2011. For personal use oniy. No ather uses without permission.
Copyright © 1993 Massachusetts Medical Society. All rights reserved.

-1079-



B4 Physical fitness as a predictor of mortality among healthy, middle—aged Norwegian men.
E E Sandvik L, Erikssen J, Thaulow E, Erikssen G, Mundal R, Rodah! K.
ML N Engl J Med
#.5-H |[328(8)% 533-537R—
RITE 1993
PubMed!) > % |Ihtto://wew.ncbinim.nih.gov/pubmed/8426620
THRDOWER Er L) o | BK | IROEE| MR
AR | CRERES | =ER . ). | 2R EAZE
B T L S )| [ ) . )
= L 40-59i% _ _ . ). | BIRIZEBHZ
PO €54 1000~5000 pLg=| ( ) ( )
HEDHE = ( )
Tk L 2B | DEEFH | f L 7L 7L )( ( )
His-mE 7L 7L 7L 7 L )( ( )
=
RFBE &R
EE . ERAADNEREICEEIETCDRIL-BEEFTHAIEEZRT ZLOHEINHBIZE
MbHoT FOMBEIEEFEELTEO TWS, BRF 1912E0/ L z— ABEF16ERMIH
F=UBHERAEL. CORMICOVWTHMERLE, Ak B L OMEICTIFI0~59FFETOEELEM
1960 A(FAR S MEKRD-84% D N)EE AT BEDBHFIRERRAFEOMAE DI OV TIER—
;w«rfcnﬂﬂﬁt, EAICODWTIXBEEETILT AR L5 EH AT TAMNEZRERETE L
b, BoN-RAEFEZRAVV: 2 EHIERDEBMATDRE. 2AD53%IZL-5271
A@%‘Iib\lumma%%ﬁﬁtu:o G, BRI, MEEE ., ME., REEDRK. hEE.
BB ML BEEBAE, BLOTERLE OREZCEVT, ANKEN (BLHEL) L4(BLBL) T
(BO0FET) | -BOH DB CREDELRIIE. 0.54 (95%(EHEX . 0.32~0.89; P=0.015)TH-
te T—AZENLERFROERICBE LI E-HOSIETEL, AHKEL, 2(830Y) ., 3(HOPIELY)
DEDOE TR TH =, DMERREIZKYBESNE-FETOEATH R T1E, KAKEI L5
19 5E0.41(95% 15 FEX . 0.20~0.84; P=0.013) TdHo1=, KK 2E L UBIZH T BRI RS
(1EDOHER) L. FNFN0.45 (95%{EEERXE. 0.22~0.92; P=0.026). 0.59(95%{E#E X . 0.28~
1.22; P=0.15)CoH 1=, &M KA. dEEFICBTADMERRIZEBFETICHLTERA TN
fo LT REMOPARFIBILADND. BENKELEL WAGIRRENSH THE
% FAZPEBHEOBEBHRECIRIDFHARFTHD, £=. EWMEALRILOANEFTEITTUR
(200 £ET) |VFHLTENTES,
THRR/—h ) EmsE S AL IR L OBEIC DL TRLLT (SN, BLEEC 3RS HH
IZJ:%,:;./; 25—
200%E T °

HEE =it Bl

-1080-



Clinical and Experimental Pharmacology and Physiology (1993) 20, 483487

FIVE YEAR PROSPECTIVE STUDY ON BLOOD PRESSURE
-~ AND MAXIMAL OXYGEN UPTAKE

Susumu Sawada,! Hiroaki Tanaka,? Mita Funakoshi,? Munehiro Shindo,? Suminori
Kono? and Toshihiro Ishiko4

Safety and Health Control Section, Personnel Department, Tokyo Gas Co., Ltd, Tokyo,
2Laboratory of Exercise Physiology, School of Physical Education, Fukuoka University,
Fukuoka, 3Department of Public Health, Bouei Medical College, Tokorozawa and
4Laboratory of Exercise Physiology, School of Physical Education, Chyukyo University,
Toyota, Japan

(Received 6 April 1992; revision received 3 March 1993)

SUMMARY

1. The relationship between physical fitness (maximal oxygen uptake Vo,max) and incidence of
hypertension was investigated through a prospective study for a total of 16525 human-years of
observation,

2. This study involved 3305 Japanese males whose blood pressure (BP) was normal when they
received their first physical examination before the age of 50. They were monitored from 1983 to
1988. The BP of 425 subjects was diagnosed as hypertension in the fifth year.

3. Fitness levels were divided into quintiles according to Vo,ma: levels, and were compared with
the changes of BP and relative risk of hypertension after adjustment for age, initial percentage of
body fat (PFAT), initial BP, alcohol consumption, cigarette smoking status and familial history of
hypertension. The increase in BP of subjects in the least fit group was higher than in any other group.
Relative risk was calculated using a multiple logistic regression and was 1.9 X higher in the least fit
group compared with the fittest group.

4. The subjects were classified into three groups: the improved Vo,m group, the deteriorated
Vo,imax group and the unchanged Vozmx group. The increase in BP of the improved Vo,msx group was
significantly lower than the other two groups after adjustment for changes in PFAT, age, initial
PFAT, initial BP, fitness level, alcohol consumption, cigarette smoking status and familial history of
hypertension.

5. It is concluded that low Vo,max level is related to higher incidence of hypertension. An
improved Vo,m would therefore be able to prevent hypertension.

Key words: hypertension, maximal oxygen uptake, physical fitness, prospective study.

INTRODUCTION

Physical fitness is inversely associated with the inci-  reduces plasma catecholamine levels, and increases
dence of hypertension. Kiyonaga er al. (1985) suggest  levels of plasma prostaglandin E and the urinary
that moderate regular exercise lowers blood pressure  excretion of sodium (Kiyonaga et al. 1985). There is
in patients with essential hypertension because it  evidence from case-control studies that moderate

Correspondence: Susumu Sawada, Safety and Health Control Section, Personnel Department, Tokyo Gas Co., Ltd, 5-20
Kaigan I-chome, Minato-ku, Tokyo 105, Japan.
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regular exercise has a significant depressor effect on
hypertensive patients independent of bodyweight loss
(Duncan et al. 1985; Nelson et al. 1986). There are
also some cross-sectional studies which indicate that
the incidence of hypertension is related to the degree
of physical fitness (Gyntelberg & Meyer 1974; Cooper
et al. 1976; Fraser et al. 1983; Gibbons et al. 1983;
Siconolfi et al. 1985; Tanaka et al. 1990).

However, there is limited prospective evidence for a
relationship between physical fitness and blood pres-
sure {Paffenbarger et al. 1983; Blair et al. 1984;
Hofman e: al. 1987, Paffenbarger et al. 1991). The
studies that have been done have involved mainly
western subjects.

Thus, a prospective study was performed to deter-
mine the relationship between maximal oxygen uptake
and incidence of hypertension after adjustment for
confounding factors in Japanese whose diet generally
contains about twice as much salt, but less animal fat
than a western diet.

METHODS

A total of 3305 Japanese male employees aged between
20 and 55 years (mean age 32 years) was used for the
present analysis. The subjects were followed for §
years, 1983—1988, so that the development of hyper-
tension could be examined. All subjects received
medical examinations. In 1983 subjects were free
from hypertension and had no prior history of cardio-
vascular disease, hepatic disease, renal disease, diabetes
or stroke.

Systolic and diastelic blood pressures (SBP, DBP)
were measured using a mercury sphygmomanometer
after the subjects had rested for >3 min in a sitting
position. The SBP was operationally defined as the
pressure in the cuff at the time of appearance of the
first Korotkoff sound. The fifth phase of the sound
was used as an approximation of the DBP. Height
and weight were measured, and the percentage of
body fat (PFAT) was estimated from the sum of the
triceps and subscapula skinfolds measured with a
skinfold caliper (Nagamine & Suzuki 1964) uvsing
Brozek’s formula (Brozek er al. 1963). To determine
physical fitness, maximal oxygen uptake (Vomu), @
widely accepted measure of physical fitness, was
estimated using the Astrand-Ryhming Nomogram
(Astrand & Ryhming 1954). This estimate was shown
to be highly correlated (r = 0.94) with directly meas-
ured Vo,max (Siconolfi ef al. 1982). This exercise test
was performed twice — before and after the 5 year
period.

Alcohol consumption, cigarette smoking status
and familial history of hypertension

The physical fitness levels were divided into quintiles
according to Vo,ms/wt after adjustment for age, initial
PFAT, initial blood pressure, alcohol consumption,
cigarette smoking status and familial history of hyper-
tension. Alcohol consumption, cigarette smoking
status and familial history of hypertension were -
determined from a medical inquiry. Individuals with
the lowest Vo,mex were classified into the first quintile.
Conversely, subjects who had the highest Vo,ma: were
classified into the fifth quintile. In addition, after 5
years, the subjects were classified into three groups: (i)
the improved physical fitness group consisting of
those whose Vo,ms had improved by >15%; (ii) the
deteriorated physical fitness group comprising those
whose Vo,max had decreased by > 15%; (iii) the group
with unchanged physical fitness.

Data were analysed using the Statistical Analysis
System software package (SAS Users Guide 1982). A
multiple logistic regression and analysis of covariance
were used to evaluate the relationship between blood
pressure and maximal oxygen uptake after adjustment
for confounding factors.

RESULTS

The variables of weight, PFAT, resting SBP and DBP
and V0,ma in 1983 and 1988 are shown in Table 1.
Mean values of Vo,ma indicate that the subjects of
this study were representative of a wide study pre-
viously done in Japan (Kobayashi 1982). There were
significant differences between 1983 and 1988 for all
the above variables.

The blood pressure values of 72 subjects were
SBP =160 mmHg or DBP=95 mmHg and 353
subjects were 160 mmHg>8BP =140 mmHg or 95
mmHg >DBP =90 mmHg after 5 years. The above
persons (72-+ 353) were diagnosed as having hyper-
tension. «

The relationship of the physical fitness levels to the
increase in blood pressure during the 5 year period
was characterized by the following inverse relationship:
the lower the physical fitness level, the higher the
increase in both SBP and DBP (Fig. 1).

The increase in blood pressure of subjects in quintile
I was higher than that in the other four quintiles.
Relative risk of incidence of hypertension was calcu-
lated using a multiple logistic regression after adjust-
ment for age, initial PFAT, initial blood pressure,
alcohol consumption, cigarette smoking status and
familial history of hypertension. The relative risk was
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Table 1. Characteristics of 3305 males in 1983 and 1988

1983 1988

Mean s.d. Min. Max. Mean s.d. Min. Max.
Height (cm) 168.7 5.6 147 190 168.8 5.6 147 190
Weight (kg) 63.8 7.8 40 96 65.7 8.3 42 104
BMI (kg/my) 22.4 2.4 16.5 32.9 23.0 2.6 16.1 35.8
PFAT (%) 140 3.8 4 34 15.3 35 8 30
SBP (mmHg) 122.7 10.0 86 138 125.7 11.5 84 179
DBP (mmHg) 69.3 10.2 30 88 72.6 77 50 105
I}ozmx {mL/kg per min) 40.4 7.4 2.7 79.1 38.2 7.5 18.2 76.4

For SBP, DBP and Vozmax in 1988, there were 3304 subjects.

SBP I-IV P<0.01 DBP I-III F<0.01

er -V P<0.01 -V P<0.01
. -V P<0.01 -V P<0.01
C -V P<0.01 H-IV P<0.01
£ -V P<0.01 -V P<0.01
£ V-V P<0.05 M-V P<0.01 &
5 =
& Y
8 g
b =
g I
o
(&3

I v
Quintiles of Voamag Decline No change Improvement

Fig. 1. Initial fitness quintiles and changes in blood pressure Changes in Vopmax

of subjects after adjustment for age, initial PFAT, initial

blood pressure, alcohol consumption, cigarette smoking

status and familial history of hypertension. Quintiles: I,

<33.6; 11, 33.6—37.2; 111, 37.3-40.9; IV, 41.0—45.4; V, <454
mL/kg per min. (B) SBP; (1) DBP.

Fig. 3. Changes in maximal oxygen uptake and changes in
blood pressure after adjustment for changes in PFAT, age,
initial PFAT, initial blood pressure, initial fitness level,
aleohol consumption, cigarette smoking status and familial
history of hypertension. Decline, =15%; improvement,
=15%. (&) SPB; (O0) DBP. * P<0.05, **P<0.01.

1.9 X higher in quintile I compared with quintile V
(Fig. 2).

The increase of SBP and DBP in the Vojma
improved group was significantly lower than in the
other two groups (Fig. 3).

1.5

ey

Relative risk

DISCUSSION
0.5
The major finding of this study is that blood pressure
changes and incidence of hypertension for 5 years are
related to physical fitness. To our knowledge, this is
the first prospective report to show that the change in
Quintites of Vopmax blood pressure with age is associated with the level of

Fig. 2. Initial fitness quintiles and relative risk of hyper- physical ﬁtness: . . . ~
tension incidence after adjustment for age, initial PFAT, In cross-sectional studies, physically active groups
initial blood pressure, alcohol consumption, cigarette ~ Were found to have lower blood pressure than inactive
smoking status and familial history of hypertension.  groups (Gyntelberg & Meyer 1974; Cooper et al.

*¥2pL0.01. 1976; Fraser er al. 1983; Gibbons et al. 1983; Siconolfi

1 i m v v
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et al. 1985; Tanaka et al. 1990). For example, Cooper
et al. (1976) showed that subjects with very poor
physical fitness levels had significantly higher SBP
compared with those who had excellent physical fitness
levels. However, in order to verify these findings,
evidence from a prospective study was needed.,

Recently, the influence of physical fitness on the
incidence of hypertension was examined by prospective
study. Paffenbarger et al. (1983, 1991) reported that a
high incidence of hypertension was associated with
low physical activity in a large epidemiologic study on
Harvard alumni (1983) and Pennsylvania alumni
(1991). In their studies, age-adjusted relative risk of
hypertension was 1.35 and 1.06, respectively, when
the group which did vigorous sports was compared
with the inactive group. In the present study, the
relative risk in quintile I was 1.9 when compared with
quintile V. This value is somewhat higher than the
results of Paffenbarger and co-workers. They obtained
information on the physical activity of subjects from
mailed questionnaires. However, in the present study,
physical fitness levels were assessed from maximal
oxygen uptake, which is an objective measure of
physical fitness and is influenced by physical activity.
It should therefore show the relative risk of hyper-
tension more accurately.

Blair ez al. (1984) reported that after adjustment for
sex, age, follow-up interval, baseline blood pressure
and baseline body-mass index, persons with low
physical fitness levels measured from maximal running
performance on a treadmill had a relative risk of
hypertension of 1.52 compared with the high fitness
group. The lowest four fitness categories (very poor to
good) were compared with the top two categories
(excellent and superior). On the other hand, our study
showed that quintile I had a significantly higher
relative risk of hypertension compared with quintiles
11-V. This result suggested that the break point existed
between quintile I and IT (Fig. 2). This finding indicates
that the least fit group (quintile I) is most susceptible
to hypertension.

Recent case-control studies have provided evidence
that moderate and regular aerobic training has a
significant depressor effect on hypertensive patients
independent of bodyweight loss (Duncan et ai. 1985;
Kiyonaga er al. 1985; Nelson et al. 1986). These
studies suggested that higher physical fitness was
related to a lower incidence of hypertension, and thus
moderate regular exercise, which lowers blood pres-
sure, is an important non-pharmacological treatment
for hypertension. The present study provides some
evidence to support these findings.

1t is concluded that low maximal oxygen uptake
level is related to a higher incidence of hypertension,

and improved maximal oxygen uptake would help to
prevent hypertension.
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Cardiorespiratory Fitness and the
Incidence of Type 2 Diabetes

Prospective study of Japanese men
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OBJECTIVE — To investigate the association between cardiorespiratory fitness and the inci-
dence of type 2 diabetes among Japanese men.

RESEARCH DESIGN AND METHODS — This prospective cohort study was con-
ducted in 4,747 nondiabetic Japanese men, aged 20—40 years at baseline, enrolled in 1985 with
follow-up to June 1999. Cardiorespiratory fitness was measured using a cycle ergometer test, and
VO3 max Was estimated. During a 14-year follow-up, 280 men developed type 2 diabetes.

RESULTS — The age-adjusted relative risks of developing type 2 diabetes across quartiles of
cardiorespiratory fitness (lowest to highest) were 1.0 (referent), 0.56 (95% C10.42-0.75), 0.35
(0.25-0.50), and 0.25 (0.17-0.37) (for trend, P < 0.001). After further adjustment for BMI,
systolic blood pressure, family history of diabetes, smoking status, and alcohol intake, the
association between type 2 diabetes risk and cardiorespiratory fitness was attenuated but re-
mained significant (1.0, 0.78, 0.63, and 0.56, respectively; for trend, P = 0.001).

CONCLUSIONS — These results indicate that a low cardiorespiratory fitness level is an
important risk factor for incidence of type 2 diabetes among Japanese men.

Diabetes Care 26:2918--2922, 2003

1997 survey conducted by the Jap-
anese government’s Ministry of
Health, Labor and Welfare reported

the estimated number of patients with
type 2 diabetes to be 6.9 million in Japan,
and it is currently projected that the num-
ber of diabetic patients is dramatically in-
creasing (1). In view of the fact that
insulin secretion capacity is reported to be
genetically lower among the Japanese
than among Caucasians (2,3), Japanese
appear to be more prone to the develop-
ment of type 2 diabetes (4,5). With the
overall Japanese lifestyle becoming more
like the western lifestyle, a high-fat diet

and low physical activity (which are
known to be risk factors for the develop-
ment of type 2 diabetes) are becoming
more prevalent in Japan. Therefore, pre-
venting type 2 diabetes is an important
issue to be resolved. Because people who
have low cardiorespiratory fitness are
more likely to be insulin resistant (6), it is
reasonable to surmise that a lower cardio-
respiratory fitness level is a risk factor for
the development of type 2 diabetes.

To our knowledge, only two prospec-
tive cohort studies have examined the as-
sociation between cardiorespiratory
fitness and the risk of type 2 diabetes.
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Both studies show an inverse relationship
between cardiorespiratory fitness and the
development of type 2 diabetes among
the western populations (7,8). However,
no such studies have been conducted in
the Japanese population. Thus, this study
was designed to prospectively determine
whether low cardiorespiratory fitness in
Japanese men is a risk factor for the devel-
opment of type 2 diabetes.

RESEARCH DESIGN AND
METHODS

Subjects

The subjects for this study were 5,984
male employees between 20 and 40 years
of age who had participated in an annual
health examination conducted at the To-
kyo Gas Company in 1985. Among these
men, 335 were excluded because they
were found at the health examination to
have at least one of the following: diabetes
(n = 102), cardiovascular disease includ-
ing hypertension (n = 228), tuberculosis
(n = 3), and gastrointestinal disease (n =
9). Also excluded were 904 other men
who did not perform and/or complete a
submaximal exercise test. These exclu-
sions left 4,745 men who were followed
until June 1999 to determine whether
they subsequently developed type 2
diabetes.

Clinical examination

The Industrial Safety and Health Law in
Japan requires the employer to conduct
annual health examinations of all employ-
ees, and employees are required by law to
participate. Height and weight were mea-
sured on a standard physician’s scale and
stadiometer, and BMI was calculated.
Blood pressure was measured by the aus-
cultatory method with a mercury sphyg-
momanometer; diastolic pressure was
recorded as the disappearance of sound.
Fasting blood glucose tests have been
adopted since 1988 in subjects 35 years of
age and those =40 years of age. A ques-
tionnaire was administered before the
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