Cardiorespiratory fitness and risk of disability pension

Early retiring is a significant social problem in western
countries. Methods to prevent early retiring and to maintain
working ability are needed. More prospective studies
are needed to investigate the effect of physical activity,
cardiorespiratory fitness, and exercise intervention pro-
grammes in the prevention of early retiring. In the
present study even moderate levels of physical fitness were
associated with a decreased risk of disability pension,
especially due to cardiovascular diseases. Consequently, more
attention should be paid to improvement of cardiorespiratory
fitness by physically active lifestyle in the working age
population.
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ORIGINAL INVESTIGATION

Cardiorespiratory Fitness Attenuates the Effects
of the Metabolic Syndrome on All-Cause and
Cardiovascular Disease Mortality in Men

Peter T. Katzmarzyk, PhD; Timothy S. Church, MD, PhD; Steven N. Blair, PED

Background: The metabolic syndrome is a prevalent
condition that carries with it an increased risk of type 2
diabetes mellitus, cardiovascular disease (CVD), and mor-
tality.

Objective: To determine the relationship between car-
diorespiratory fitness (CRF) and mortality in healthy men
and in those with the metabolic syndrome.

Methods: The sample included 19223 men, aged 20 to
83 years, who received a clinical evaluation between 1979
and 1995 with mortality follow-up through December
31, 1996. There were 15466 healthy men (80.5%) and
3757 men with the metabolic syndrome (19.5%).

Results: A total of 480 deaths (161 due to CVD) oc-
curred during 196298 man-years of follow-up. After ad-
justment for age, year of examination, smoking status,
alcohol consumption, and parental CVD, the relative risks

(RRs) (95% confidence interval) of all-cause and CVD
mortality were 1.29 (1.05-1.57) and 1.89 (1.36-2.60), re-
spectively, for men with the metabolic syndrome com-
pared with healthy men. After the inclusion of CRF, the
associations were not significant. The RRs comparing un-
fit with fit men for all-cause mortality were 2.18 (1.66-
2.87) in healthy men and 2.01 (1.38-2.93) in men with
the metabolic syndrome, whereas the RRs for CVD mor-
tality for unfit vs fit men were 3.21 (2.03-5.07) in healthy
menand 2.25 (1.27-3.97) in men with the metabolic syn-
drome. A significant dose-response relationship be-
tween CRF and mortality was also observed in men with
the metabolic syndrome.

Conclusion: In this sample, CRF provided a strong pro-
tective effect against all-cause and CVD mortality in

healthy men and men with the metabolic syndrome.

Arch Intern Med. 2004;164:1092-1097
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ISK FACTORS FOR CHRONIC
diseases tend to cluster
within individuals,!? and
the metabolic syndrome is
such a constellation of risk
factors that predispose toward the devel-
opment of type 2 diabetes mellitus and car-
diovascular disease (CVD). Ford et al® es-
timate that the prevalence of the metabolic
syndrome is approximately 22% among
adults in the United States, which trans-
lates into 47 million people having the con-
dition in 2000. The metabolic syndrome is
hypothesized to result from insulin resis-
tance in several organ systems and path-
ways, and abdominal obesity is a central fea-
ture.* Given that the prevalence of obesity
among adults in the United States has in-
creased from 15% in the 1976-1980 pe-
riod to 30.5% in 1999-2000, studies of the
medical sequelae of obesity such as the
metabolic syndrome are important and
timely.

An operational definition of the meta-
bolic syndrome was proposed by the Na-
tional Cholesterol Education Program Adult
Treatment Panel 111 (ATP 1I1)¢ and re-
cently validated.” A 2002 study® has re-
ported that middle-aged Finnish men di-
agnosed with the metabolic syndrome under
the ATP III criteria have a significantly el-
evated risk of all-cause and CVD mortal-
ity. There is a need to replicate these re-
sults in other populations. A major new
feature in the updated ATP 1l guidelines is
the focus on the primary prevention of coro-
nary heart disease in people with multiple
risk factors. The guidelines highlight the im-
portance of therapeutic lifestyle changes, in-
cluding increased physical activity and re-
duction of body weight, in the treatment and
prevention of metabolic disorders and coro-
nary heart disease. However, little is known
about the effects of cardiorespiratory fit-
ness (CRF) on attenuating the mortality risk
associated with the metabolic syndrome.
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PARTICIPANTS

The sample included 19223 men, aged 20 to 83 years (mean
[SD] age, 43.1 [9.7] years), from the Aerobics Center Longi-
tudinal Study (ACLS)® who had complete data for CRF and the
metabolic syndrome. The sample was restricted to men with
no personal history of coronary heart disease, stroke, or can-
cer at the time of the baseline examination. The participants
were well educated (approximately 75% were college gradu-
ates) and were predominantly non-Hispanic whites. All par-
ticipants attended the Cooper Clinic in Dallas, Tex, for clini-
cal evaluations between 1979 and 1995. Although baseline data
collection for the ACLS began in 1970, the required clinical mea-
surements for diagnosing the metabolic syndrome were only
available for participants beginning in 1979. All men gave their
informed consent to participate in the clinical examination and
subsequent follow-up study. All study protocols were ap-
proved annually by The Cooper Institute institutional review
board.

CLINICAL EXAMINATION
Metabolic Syndrome

All clinical measurements were made in the morning follow-
ing at least a 12-hour fast. Waist circumference (WC) was mea-
sured at the level of the umbilicus with a plastic anthropomet-
ric tape, and blood pressure measurements were obtained with
a mercury sphygmomanometer using auscultory methods. A
fasting blood sample was obtained by venipuncture, and se-
rum triglyceride (TG), high-density lipoprotein cholesterol
(HDL-C), and plasma glucose levels were assayed with auto-
mated techniques at the Cooper Clinic Laboratory, which par-
ticipates in and meets the quality control standards of the US
Centers for Disease Control and Prevention Lipid Standard-
ization Program. Metabolic syndrome was defined according
to the criteria established by ATP IIL.¢

Participants were diagnosed as having the metabolic syn-
drome if they had 3 or more of the following 5 risk factors: (1)
high blood pressure (=130 mm Hg systolic or =85 mm Hg dia-
stolic); (2) central obesity (WC >102 cm [>40 in]); high TG
level (=1.69 mmol/L [=150 mg/dL]); low HDL-C level (<1.04
mmol/L [<40 mg/dL]); and high fasting plasma glucose level
(6.1 mmol/L [=110 mg/dL]). Men with normal blood pres-
sure or fasting plasma glucose who indicated a history of phy-
sician-diagnosed hypertension (n=861) or type 2 diabetes melli-
tus (n=32), respectively, were also coded as positive for high
blood pressure or high fasting plasma glucose, which added an
additional 208 men to the metabolic syndrome category. It
should be noted that the results obtained were virtually iden-
tical to those reported in this study when these men were ex-
cluded.

Cardiorespiratory Fitness

Cardiorespiratory fitness was assessed by a maximal treadmill
exercise test using a modified Balke protocol.?® Time until
exhaustion on the treadmill was used to estimate the maxi-
mum oxygen uptake (VO,,,,) in metabolic equivalents
(MET=3.5 mL of oxygen/kg per minute) from the Balke pro-
tocol using the following formula: VO,m..=(1.44 X [No. of
minutes on treadmill] +14.99)/3.5.'! Participants were
assigned to either unfit or fit categories using age-adjusted
maximum METs. Men in the lower quintile (20%) were clas-
sified as unfit, whereas men in the upper 4 quintiles (80%)

were classified as fit. These fitness criteria are from previous
reports on the cohort.!?

Covariates

Information on cigarette smoking, alcohol consumption, and
parental history of CVD were collected using a medical his-
tory questionnaire. Parental history of CVD was coded as a di-
chotomous variable (0, no history; 1, either parent had a stroke
or coronary event before age 50 years). Cigarette smoking sta-
tus was coded as never smoked, former smoker, or current
smoker. Alcohol consumption was coded as none, light (<15
units/wk), moderate (15-30 units/wk), and heavy (>30
units/wk). One unit of alcohol was defined as one bottle or can
of beer (355 mL [12 oz]), a glass of wine (148 mL [5 oz]), or
one shot of hard liquor (44 mL [1.5 oz]).

MORTALITY SURVEILLANCE

Follow-up continued until participants died or until Decem-
ber 31, 1996, for survivors. Deaths were identified from the
National Center for Health Statistics National Death Index,
and the cause of death was determined from official death cer-
tificates obtained from departments of vital records in the
states of deceased participants. The National Death Index has
established validity for use in cohort studies, with a sensitivity
of 96% and specificity of 100%." A nosologist coded the death
certificates for the underlying and up to 4 contributing causes
of death, and CVD mortality was defined as codes 390 to
449.9 of the International Classification of Diseases, Ninth Re-
vision.

STATISTICAL ANALYSES

Cox proportional hazards regression was used to estimate the
adjusted relative risk (RR) of mortality associated with the meta-
bolic syndrome, including age, year of examination, smoking
status, alcohol consumption, and parental history of CVD as
covariates. Cardiorespiratory fitness (in METs) was then added
to the model as a continuous variable to examine its effect on
the relation between the metabolic syndrome and mortality.
Given that abdominal obesity is a key component of the meta-
bolic syndrome, the body mass index (BMI) was not included
as a covariate in these models owing to the high degree of co-
variation between BMI and WC.

Mortality rates (per 10000 man-years of follow-up), ad-
justed for age and year of examination, were calculated for un-
fit and fit healthy men and men with the metabolic syndrome.
Cox proportional hazards regression was also used to evaluate
the relationship between fitness category (unfit vs fit) and mor-
tality after stratifying the sample into healthy men and men with
the metabolic syndrome. The BMI was included as a covariate
in these models to examine the influence of body weight sta-
tus on the observed relationships. The dose-response relation-
ship between CRF and mortality was examined in men with
the metabolic syndrome by dividing this group into lower,
middle, and upper tertiles of age-adjusted CRF (METs). For
this analysis, the residuals from a regression of CRF on age were
used as age-adjusted values. All analyses were conducted us-
ing SAS statistical software and procedures (SAS Institute, Cary,
NCO), and mortality data were restricted to those dying at least
1 year after their clinical evaluation.

— O

The characteristics of the participants at baseline are sum-
marized in Table 1. The prevalence of the metabolic syn-
drome in the sample was 19.5%. Fit men within each

(REPRINTED) ARCH INTERN MED/VOL 164, MAY 24, 2004
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iMén_W’lth’ Metabolic Syndrome

Abbreviations: HDL, high-density lipoprotein; MET, metabolic equivalent

(3.5 mL of oxygen/kg per minute).

Si conversion factors: To convert reported triglyceride levels to conventional units (mg/dL), divide by 0.0113; HDL cholesterol (mg/dL), divide by 0.0259; and

fasting glucose (mg/dL), divide by 0.0555.
*Unless otherwise indicated, data are mean + SD.

1P<.05, ttest between fit and unfit men, within metabolic syndrome categories.

$Calculated as the weight in kilograms divided by the square of height in m

§P<.05, x? test between fit and unfit men, within metabolic syndrome cate
3.0
2.5
=
= 2.0
= 1.89
= 151
z
= 1.29 ! 1.23
s 10 i
2 [ 09
0.5
Unadjusted CRF Adjusted Unadijusted CRF Adjusted
All-Cause CvD

Figure 1. Relative risks of all-cause and cardiovascular disease (CVD)
mortality associated with the metabolic syndrome before and after the
inclusion of cardiorespiratory fitness (CRF) as a covariate in 19223 men
aged 20 to 83 years from the Aerobics Center Longitudinal Study. All models
include age, year of examination, smoking status, alcohol consumption, and
family history of CVD as covariates. Error bars represent 95% confidence
intervals.

metabolic syndrome category had a better metabolic fit-
ness profile than unfit men (ie, significantly smaller WCs,
lower TG and plasma glucose levels, and higher HDL-C
levels). During 196 298 person-years of follow-up, there
were 480 deaths (161 due to CVD). After adjustment for
age, smoking status, alcohol consumption, and parental
history of CVD, the RRs (95% confidence interval [CI])

eters.
gories.

of all-cause and CVD mortality were 1.29 (1.05-1.57) and
1.89 (1.36-2.60), respectively, in men with the meta-
bolic syndrome compared with healthy men. After the
further inclusion of CRF (METs) as a covariate, the RRs
(95% CI) of all-cause and CVD mortality were reduced
to 0.98 (0.79-1.21) and 1.23 (0.88-1.73), respectively,
and were no longer statistically significant (Figure 1).

The all-cause and CVD death rates (per 10000 man-
years of follow-up), adjusted for age and year of exami-
nation, for unfit and fit healthy men and men with the
metabolic syndrome are presented in Figure 2. The over-
all death rates were higher in men with the metabolic syn-
drome, but they were greatly attenuated by CRF.

The adjusted RRs (95% CI) comparing unfit with
fit men for all-cause mortality were 2.18 (1.66-2.87) in
healthy men and 2.01 (1.38-2.93) in men with the meta-
bolic syndrome, after including age, smoking status, al-
cohol consumption, parental history of CVD, and BMI
as covariates. The corresponding RRs (95% CI) for CVD
mortality were 3.21 (2.03-5.07) in healthy men and 2.25
(1.27-3.97) in men with the metabolic syndrome
(Table 2). A dose-response relationship between CRF
and mortality is clearly evident in men with the meta-
bolic syndrome (Figure 3). Men in the middle and lower
tertiles of CRF had 1.42 (95% CI, 0.84-2.39) and 2.70
(95% CI, 1.63-4.47) times the risk of all-cause mortal-
ity, respectively, of men in the upper tertile. Similarly,
men in the middle and lower tertiles of CRF had 2.08
(95% CI, 0.90-4.80) and 3.48 (95% CI, 1.52-8.01) times
the risk of CVD mortality of men in the upper tertile, re-
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spectively. It should be noted that the analyses were re-
run after taking BMI out of the adjusted models, and the
results were unchanged.

B  COMMINT

As the prevalence of obesity increases in this and other
countries, the ability to identify high-risk individuals for
obesity-related disorders becomes increasingly impor-
tant. The present study provides further evidence of the
validity of the ATP 111° definition of the metabolic syn-
drome; men diagnosed with the metabolic syndrome were
1.29 times more likely to die of any cause and 1.89 times
more likely to die of CVD than healthy men (Figure 1).
These results support those of Lakka and colleagues,® who
recently reported that middle-aged Finnish men diag-
nosed as having the metabolic syndrome under the ATP
11T criteria were 4.26 (95% CI, 1.62-11.2) times more likely
to die over 11 years of follow-up than healthy men. Our
results also are consistent with those of 2 studies that ex-
amined the association between the metabolic syn-
drome (using different diagnostic criteria) and mortal-
ity rates.'*!* The metabolic syndrome, defined under the
criteria of the World Health Organization,'® was associ-
ated with 2.96 times the risk of CVD mortality over 6.9
years of follow-up in a sample from Finland and Swe-
den.** Additionally, a cluster of low HDL-C level and high
blood pressure, blood glucose level, and TG level was as-
sociated with 2.49 times the risk of CVD death over an
average of 7 years of follow-up in an Italian study.'® The
somewhat lower relative risk of mortality observed in the
present sample of well-educated, middle- to upper-class
business executives and professionals might be owing to
better medical care than that received by the partici-
pants in the 3 earlier studies. For example, the baseline
data for the present study were collected during a pre-
ventive medicine examination. Nevertheless, our re-
sults show that even in this sample of men, most of whom
had access to excellent medical care, the metabolic syn-
drome was still associated with mortality.

To our knowledge, the present study is the first to
explicitly test the hypothesis that CRF attenuates the mor-
tality risk associated with the metabolic syndrome. In
healthy men and those with the metabolic syndrome, there
was a substantially lower risk in fit men than in unfit men.
The finding of a dose-response relationship between CRF
and mortality in men with the metabolic syndrome, simi-
lar to what has been observed in the entire ACLS co-
hort,’ indicates that physical activity may be a valuable
tool in the treatment of the metabolic syndrome and the
prevention of further health problems.

Although central obesity (large WC) is a compo-
nent of the metabolic syndrome, the finding in the pre-
sent study that CRF remained a significant predictor of
mortality in men with the metabolic syndrome after the
inclusion of BMI as a covariate suggests that CRF was
associated with mortality risk independent of body weight
status. The fact that the results were virtually identical
when BMI was not included as a covariate indicates that
body weight status was not an important modifier of mor-
tality risk in this sample of men who were already diag-
nosed as having the metabolic syndrome once the ef-

Ali-Cause Death Rate per 10000 Man-Years

Healthy Metabolic Syndrome

CVD Death Rate per 10000 Man-Years

Healthy

Metabolic Syndrome

Figure 2. Ali-cause and cardiovascular disease (GVD) death rates per 10000
man-years of follow-up in fit and unfit healthy men and men diagnosed as
having the metabolic syndrome, adjusted for age and year of examination.
Results are from 19223 men aged 20 to 83 years from the Aerobics Center
Longitudinal Study.

fects of CRF were accounted for. This finding further
supports the notion that CRF is an independent deter-
minant of health status, regardless of body weight. The
mechanisms by which CRF provides a protective effect
against the mortality risk associated with the metabolic
syndrome still need to be determined.

The prevalence of the metabolic syndrome in this
sample of predominantly well-educated professional men
was 19.5%. This is slightly lower than the prevalence of
the metabolic syndrome in the United States, which has
been recently estimated at 24.0% in men, based on data
from the Third National Health and Nutrition Examina-
tion Survey (NHANES 111, 1988-1994) > The lower preva-
lence of the metabolic syndrome in the present sample
is mainly owing to a lower prevalence of abdominal obe-
sity (large WC) (19.5% vs 30.5%) and high TG level
(20.5% vs 35.1%) rather than differences in low HDL-C
level (35.2% vs 36.8%), high blood pressure (41.7% vs
37.2%), or high blood glucose level (13.5% vs 15.6%).
Given that the ACLS sample consists of men measured
at baseline between 1979 and 1995 and the NHANES I11
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(Referent).

cigarette smoking, family history of cardiovascular disease, and body mass index.

*Nonreferent values reported as relative risk (95% confidence interval).
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Figure 3. Relative risks of all-cause and cardiovascular disease (CVD)
mortality in men diagnosed as having the metabolic syndrome across
baseline tertiles (lower, middie, and upper) of cardiorespiratory fitness {CRF)
in 3757 men aged 20 to 83 years from the Aerobics Center Longitudinal
Study. Relative risks are adjusted for age, year of examination, smoking
status, alcohol consumption, family history of CVD, and body mass index.
Numbers atop bars indicate the number of deaths; Pvalues are for tests of
linear trend across the cardiorespiratory fitness categories.

occurred between 1988 and 1994, the recent increases
in the prevalence of obesity in the United States are likely
more represented in the NHANES III sample than in the
ACLS cohort; 62% of the men in the present study
(n=11846) were evaluated for baseline measures be-
tween 1979 and 1987. Nevertheless, men diagnosed as
having the metabolic syndrome were 1.29 times more
likely to die from any cause and 1.89 times more likely
to die from CVD than healthy men.

Based on the results of this study, the estimated
population attributable risk (P[(RR-1)/RR], where P
indicates population prevalence)'” of the metabolic syn-
drome in male residents of the United States is 5.4% for
all-cause mortality and 11.3% for CVD mortality, as-
suming that 24% of men in the United States currently
have the metabolic syndrome.® This suggests that ap-
proximately 1 in 20 deaths and 1 in 10 CVD deaths in
men are directly attributable to the metabolic syn-
drome. Thus, the results reinforce the stance of the ATP
111 guidelines® that emphasize the treatment of patients

Abbreviations: RR.g, relative risks adjusted for age and year of examination; RR,, relative risks adjusted for age, year of examination, alcohol consumption,

with multiple risk factors, including those with the
metabolic syndrome. Furthermore, the public health
burden associated with the metabolic syndrome is sub-
stantial, and the finding that physical fitness may
greatly attenuate the relative risk of both all-cause and
CVD mortality strengthens the argument for aggressive
public health campaigns aimed at increasing physical
activity levels in the population.

The present study has several strengths. First, the
large sample size allowed for the examination of inter-
actions between the metabolic syndrome and CRF through
the cross-tabulation of these indices, which enhances the
clinical utility of the findings. Second, the CRF data were
obtained using a maximal treadmill test to exhaustion,
and maximum treadmill time is highly correlated with
directly measured maximum oxygen uptake (r=0.92).1!
This allowed for the objective quantification of mortal-
ity risk associated with CRF level while minimizing the
introduction of technical errors and errors of measure-
ment that can occur with fitness measurements ob-
tained from submaximal exercise data or self-reported
physical activity data from a questionnaire. Third, the use
of measured clinical data on CVD risk factors allowed
for the diagnosis of the metabolic syndrome using the
recent ATP 111 guidelines, which also increases the clini-
cal utility of the findings.

The main weakness of this study is that the sample
was predominantly white, middle to upper class, and all
male, which limits the generalizability of the results. Fur-
ther, the lack of dietary information for the participants is
a limitation in that dietary factors are known to influence
the component risk factors in the metabolic syndrome.

In conclusion, the metabolic syndrome was signifi-
cantly associated with mortality in this sample. Low CRF
was an important risk factor for premature mortality in
healthy men and men with the metabolic syndrome. In
fact, CRF attenuated much of the risk associated with the
metabolic syndrome, which indicates that the promo-
tion of the measurement of CRF in clinical medicine may
aid in risk stratification and that the promotion of physi-
cally active lifestyles should be a public health priority.
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Cardiorespiratory fitness attenuates the effects of the metabolic syndrome on all-cause and

L cardiovascular disease mortality in men.
o Katzmarzyk PT, Church TS, Blair SN
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cgrdlorespsmiory Fitness,
Glycemic Status, and Mm*MMy
R:sk in Men

Haroip W. KonL, MspH

JesUs A. VILLEGAS, MD
Nei F. GORDON, MBBCH, PHD, MPH

SteveN N. BLAIr, PED

OBJECTIVE — To determine the association of baseline cardiorespiratory fimess
to all-cause mortality across the range of blood glucose levels.

RESEARCH DESIGN AND METHODS — Data from a prospective study of
8715 men (average age 42 yr), followed for an average of 8.2 yr (range 1-15 y1),
were analyzed. Cardiorespiratory fitmess was assessed by maximal-exercise tread-
mill testing. Men with evidence of clinical vascular disease or who did not achieve
85% of their age-predicted maximum heart rate during exercise testing were
excluded from analyses,

RESULTS — Age-adjusted death rates increased with higher levels of fasting
blood glucose. Regardless of glycemic status, fit men had lower age-adjusted
all-cause death rates than their less fit counterparts. For men with fasting blood
ghicose =7.8 mM or physician-diagnosed non-insulin-dependent diabetes mellitus
(NIDDM), the age-adjusted death rates per 10,000 person-yr of follow-up in unfit
and fir subjects were 82.5 and 45.9, respectively. The age-adjusted relative risk of
death due to all causes was significantly elevated in the lower-fimess group within
each of three glycemic status levels: fasting blood glucose <6.4 mM; relative risk
(RR) = 1.93 (95% confidence interval [95% CI] 1.15--3.26); fasting blood glucose
6.4~7.8 mM; RR= 342 (95% Cl 2.27-5.15); and fasting blood glucose =7.8
mM or with NIDDM, RR=1.80 (95% ClI 1.25-2.58). Multivariate analyses,
controlling for risk factors of mortality (age, resting systolic blood pressure, serum
cholesterol, body mass index, family history of heart disease, follow-up interval,
and smoking habit) showed a higher risk of death due to all causes for unfit
compared with fit men. Multivariate risks of death associated with low fitness,
compared with higher fimess (RR), in the three glycemic status groups were:
fasting blood glucose <6.4 mM, RR = 1.38 (95% CI 1.09-1.74); fasting blood
ghucose 6.4-7.8 mM, RR = 1.61 (95% CI 0.91-2.86); and fasting blood glucose
=7.8 mM or with NIDDM, RR = 1.92 (95% CI 0.75-4.90).

CONCLUSIONS — These data suggest that risk of death increases with less-
favorable glycemic status, and that cardiorespiratory fimess may attenuate the
forces of impaired carbohydrate metabolism on mortality from any cause.
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™% iabetes mellitus is a disease thy
| || increases the risk of human mop
&tV ality, particularly that due to cor
onary heart disease (1). Less-severe
forms of impaired carbohydrate metah.
olism (ICM) are not only the beg
predictors of fuwre incidence of dig
betes (2~5) but also have been post.
lated as conditions that may increase
the risk for death due to all causes
and to cardiovascular disease in partic.
ular. However, studies on this issye
have provided conflicting evidence (6-
10).

Higher levels of physical activiy
and cardiorespiratory fitness, on the
other hand, are believed to reduce the
risk of death due to all causes, cardio
vascular disease, and perhaps some
cancers (11-14). Furthermore, dan
from both animals (15,16) and humans
(17-20) show that higher levels of ex-
ercise and fitness may favorably alfect
glucose homeostasis. Thus, high levels
of physical activity and fitness might be
beneficial in improving the mortality
experience of people with ICM. Al
though this rationale provides the basis
for exercise and increased physical fi-
ness as a widely accepted clinical tear-
ment for hyperglycemia and diabews
mellitus, long-term effects of exercise
and fitness in these patients are virtu-
ally unknown. It is partly for this rea-
son that, after critically evaluating the
results of available studies, a recent Na-
tional Institutes of Health Consensus
Development Conference (1) ex
pressed skepticism as to the overall
benefits of exercise training for people
with non-insulin-dependent diabetes
mellitus (NIDDM).

It is possible that regular physi-
cal activity might benefit patients with
ICM even if glycemic control is not
improved, but no data are available on
this issue. The purpose of this study is
to report the results of an investigation
into the association of baseline cardio-
respiratory fitness to subsequent all-
cause mortality in men across the range
of glycemic control.
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RESEARCH DESIGN AND

METHODS — Subjects in this study
were 8715 male patients (age 20-84
yr) of a preventive medicine clinic in
Dallas, Texas, who were examined at
baseline between 1971 and 1982; 190
(age 21-79 y1) subsequently died. All
subjects were free of exercise and rest-
ing electrocardiographically determined
coronary heart disease, self~reported
history of myocardial infarction, stroke,
or hypertension at baseline. Further-
more, patients who reported being
rreated with insulin were also excluded.

A complete preventive medical
examination was given to all subjects
after an overnight fast. Medical history
and demographic information, health
habits, anthropometry, blood chemistry
analysis, blood pressures, electrocardio-
graphy, and a cardiorespiratory fitness
determination by  maximal-exercise
readmill testing were included as part
of the examination. Serum glucose in
these subjects was measured after a
12-h overnight fast. Specifically, serum
glucose was measured with the hexoki-
nase—glucose- 6-phosphate  dehydroge-
nase enzymatic method. Other specific
procedures and protocols have been re-
ported previously (13,22--23).

There are several distinct dimen-
sions to physical fitness (24), but we
refer to cardiorespiratory fitness (mea-
sured by time on maximal-exercise
readmill test) as the fimess variable
throughout this study. Maximal O, up-
take, the most widely accepted measure
of cardiorespiratory fitness, was esti-
mated by the towal duration of time in
which a subject was able 1o complete a
maximal-exercise treadmill test (23).
Treadmill speed was begun at 88
m/min. A 0% grade was maintained for
the st min of the test. The grade was
increased to 2% the 2nd min of the test
and was subsequently raised 1% each
minute of the test up to the 25th min.
After this time, the speed of the tread-
mill was increased 5.4 m/min until test
termination. Patients were encouraged
10 give maximal effort on the test and

those who did not reach at least 85% of
their age-predicted maximal heart rate
(220-age) were excluded from further
study. Total duration of this test is
highly correlated with measured O, up-
take in healthy men (26). ,

Quintile cutoff points were de-
fined from the population age-group—
specific distribution of treadmill times.
Physically unfit men (n = 1365) were
defined as those in the bottom 20% of
the treadmill time distribution; all oth-
ers were categorized as fit (n = 7350).
Previous work from our group has
identified individuals in the 1st quintle
as being at significantly increased risk
of death, relative to more-fit people
(13).

Glycemic stams was defined
from wvalues measured from fasting
blood glucose and self-report of physi-
cian-diagnosed diabetes mellitus. Glu-
cose tolerance tests were not available
for these patients. Three levels of blood
glucose profile were created concordant
with the recommendations of the Na-
tional Diabetes Data Group (27): group
1, fasting blood glucose <6.4 mM;
group 2, fasting blood glucose 6.4-7.8
mM; and group 3, fasting blood glucose
27.8 mM or a reported personal his-
tory of NIDDM. All cases of insulin-
dependent diabetes mellitus were ex-
cluded from these analyses. The
number of men in each of the three
groups were 8108, 509, and 98, respec-
tively.

Study subjects were followed for
mortality events from their baseline
visit through 1985, The average length
of follow-up was slightly >8 yr, and
the total follow-up experience in this
cohort was 64,784 person-yr. Mortality
follow-up used wvarious sources to
achieve a 94% vital status ascertainment
rate. Official death certificates were ob-
tained for most (88%) decedents, and
causes of death were coded by a noesol-
ogist with the International Classification
of Diseases, 9th revision (ICD-9).

Mortality rates were computed
for each of the two fitness categories

Kohl and Associates

within the three glycemic groups and
were age-adjusted by the direct method
with the total follow-up in each cate-
gory as the standard. Multivariate esti-
mation of relative risks (RR) with logis-
tic regression was used to examine the
independent effects of cardiorespiratory
fimess as a risk factor for all-cause
mortality in each glycemic control
group after adjustment for potential
confounding variables of mortality.

RESULTS — The data in Table 1 are
baseline descriptive information and
risk-factor status of each of the three
glycemic groups. Means and 95% con-
fidence intervals (CI for continuous
data and percentage distibutions of
smoking status are presented. Variables
in Table 1 generally show an unfavor-
able trend across the three groupings.
Specifically, mean age, weight, body
mass index (BMD), blood pressure, and
cholesterol are higher in men with
higher levels of fasting blood glucose.
Mean tme on treadmill (cardiorespi-
ratory fitness) is incrementally lower
with higher levels of fasting blood glu-
cose.

All-cause mortality rates by gly-
cemic status within each of the two
fitness groupings are shown in Fig. 1.
Fit men with fastng blood glucose
<6.4 mM had the lowest age-adjusted
death rate (21.4/10,000 person-yr), al-
though the highest death rate was in
those men who were unfit and had a
fasting blood glucose of 6.4-7.8 mM
(101.6/10,000 person-yr). A significant
linear trend of increasing death rates
across glycemic status groups was seen
in the fit men (slope =182, 95%
Cl = 3.3-33.1). The unfit men also
demonstrated an increasing slope (2.8),
but Cls around this estimate included
unity (—~15.2-20.7). Moreover, within
each class of glycemic status, those who
were fit had lower mortality rates than
those who were unfit. Note that those
men who were fit and were in the most
unfavorable glycemic control category
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Fitness, glycemic status, and mortality risk

Table 1—Descriptive information and risk-factor status by glycemic status (Cooper Clinic healthy men, 1971-1985)

=7.8 MM or NIDDM

<6.4 uM (v = 8108) 6.4~7.8 MM (v = 509) (v = 98)

MEAN 95% C1 MEean 95% CI Mean 95% (i
AGE (Yr) 41.7 41.5-419 46.0 45.1-46.8 47.3 45.6-490
WEIGHT (KG) 80.7 80.5-81.0 85.7 84.5-87.1 87.3 84.0-90.6
BoDpy MASS INDEX (KG/MZ)* 25.5 25.4-25.6 272 26.8-27.6 28.0 27.0-290
SYSTOLIC BLOOD PRESSURE (MMHG) 1195 119.2-110.8 126.6 125.3~127.9 1283 125.0-131
DIASTOLIC BLOOD PRESSURE (MMHG) 79.3 79.1-79.5 83.6 82.8-84.4 83.7 81.9-855
TreADMILL TIME (5) 1022.1 1016.1-1028.1 876.5 853.2-890.8 794.2 741.2-847
TOTAL CHOLESTEROL (MM) 542 5.40-5.45 5.87 5.77-5.97 5.94 572-6.17
Grucose (MM) 5.39 5.38-5.40 6.80 6.78-6.83 9.40 8.68-10. 11
ForLow-up (¥R} 8.2 8.1-8.3 9.6 9.3-9.9 9.1 85-98
CURRENT SMOKER (%) 22.8 20.4 275

Cl, confidence interval.

*Missing heights for 47 men and were unable to calculate body mass index for 37 in group 1, 6 in group 2, and 4 in group 3.
g helg ¥ group

(=78 mM or NIDDM) had an age-
adjusted all-cause mortality rate (45.9/
10,000 person-yr) that approximated
that of those who were classified as
unfit and had fasting blood glucose
<6.4 mM (41.5/10,000 person-yr). The
age-adjusted RR of death due to all
causes was significantly elevated in the
low-fitness group within each of the
three glycemic status categories: group
1, RR=1.93 (95% CI 1.15-3.26);
group 2, RR= 342 (95% CI 2.27-
5.15); and group 3, RR= 180 (95%
Cl11.25-2.58).

There were 105 deaths due to
ischemic cardiovascular disease (ICD-9
390-448) in these men. Eighty-two
deaths occurred in group 1, 13 in
group 2, and 10 in group 3. Death
rates per 10,000 person-yr of observa-
tion in those men who were unfit at
baseline in each of the three ascending
fasting blood glucose groups are shown
in Fig. 2. A pattern similar to that of
the all-cause mortality rates is seen in
both fit and unfit men. However, the
cardiovascular disease death rate in
men who were unfit and in group 3 is
lower than in similar men who were fit.

Two deaths occurred in this category.
The age-adjusted RR of death due to
cardiovascular disease was significantly
elevated in the low-fitness group within
two of the three glycemic groups:
group 1, RR=2.54 (95% Cl 1.26—
5.13); group 2, RR=298 (95% (I
1.77-5.02); and group 3, RR = 0.67
(95% Cl 0.40~1.11).

The data in Table 2 are mortal-
ity information by separate exposures of
other risk factors stratified by each of
the three glycemic status groups. In
general, similar associations are ob-
served across the three levels of glyce-
mic control. Higher blood pressure and
cholesterol, cigarette smoking, and
lower cardiorespiratory fitness were as-
sociated with higher risk of death in
each of the three groups. Little associa-
tion was seen for BMI in the two lower
glycemic status groups. A significant
protective assoclation was noted for
higher BMI in the highest glycemic sta-
tus group, although there was a lower
RR in each of the three groups. This
estimate (highest glycemic control cate-
gory) is based on a total of two deaths
in the higher BMI group.

Multiple logistic regression was
used to estimate the risk of all-cause
mortality in the low-fitness group rela-
tive to the high-fitness group for each
of the three glycemic control categories
(Table 3). The RR estimates for rhe
three groups within each glycemic con-
trol category are adjusted for simulw-
neous associations with age, BMI, glu-
cose, systolic blood pressure, serum
total cholesterol, smoking habit, family
history of heart disease, and follow-up =
interval. In those men whose fasting
blood glucose value was <6.4 mM, the
risk of all-cause mortality in the lower
20% of the fitness distribution, relative
to the other 80%, was 1.38. Men with
elevated blood glucose (6.4~7.8 mM)
and who were in the low-fitness group
had an RR of death of 1.61. Finally,
men with blood glucose values =78
mM or a history of NIDDM were at a
92% increased risk of all-cause mortal-
ity if they were unfit. The 95% Cls
around risk estimates for the wwo
higher blood glucose categories in-
cluded unity.

Multivariate estimates of the RR
of cardiovascular disease death in the
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Figure 1—Age-adjusted all-cause death rates/10,000 person-yr of observation by fitness group-

ing within glycemic status (Cooper Clinic men,

rate is based are in parentheses above bars.

low-fitness men at baseline was elevated
in each of the three glycemic control
groups. Estimates were: group 1, 1.62
(95% Cl 1.21-2.18); group 2, 1.43
(93% CI 0.69-3.00), and group 3,
1.80 (95% C1 0.67-4.82).

Multivariate analyses were also
conducted with cardiorespiratory fitness
values treated as a continuous variable
rather than as two categorical variables.
After adjustment for the potential con-
founding variables, results similar to
those above were observed. Per minute
of lower treadmill time, RR estimates
for all-cause mortality in each of the
three glycemic control categories were:
group 1, 1.09 (95% (I 1.04-1.14);
group 2, 1.20 (95% CI 1.04~1.38); and
group 3, 1.28 (95% ClI 0.98-1.67).
Comparable values for risk of cardio-
vascular disease death per minute of
lower treadmill time in the three glyce-
mic control categories were: group 1,
1.09 (95% CI 1.02-1.16); group 2,
1.14 (95% C1 0.94-1.38); and group 3,
1.25 (95% C1 0.96-1.64).

1971-1985). Numbers of deaths on which each

CONCLUSIONS — The data pre-
sented suggest a direct association be-
tween glycemic status and all-cause
mortality. Men with lower levels of fast-
ing blood glucose died at lower rates
than their less glucose-tolerant counter-
parts. Furthermore, at each level of gly-
cemic control, fit men had a lower risk
of dying during the follow-up than un-
fit men. The increased risk appears to
hold after multivariate adjustment for
age and other confounding factors, al-
though in some cases, these increased
risks are not statistically different from
unity, perhaps due to fewer deaths in

some categories. This apparent relation-

ship of cardiorespiratory fitness to mor-
tality in ICM men is quite similar to
that seen in men with a normal glucose
profile. Thus, cardiorespiratory fitness
is a substantial effect modifier of the
observed relationship between blood
glucose level and all-cause mortality in
this group of men.

This study, the first to our
knowledge to investigate the association

Kohl and Associates

between cardiorespiratory fitness and
mortality across the spectrum of glyce-
mic control and on a population basis,
suggests that higher levels of cardio-
respiratory fitness may attenuate the
adverse impact of hyperglycemia and
clinical diabetes mellitus on subsequent
all-cause mortality. Indeed, the data
suggest that fit men with blood glucose
levels =7.8 mM or with NIDDM are at
similar risk of death to those men who
are unfit and who have a normal blood
glucose profile. Because cardiorespira-
tory fitness can be improved by regular
physical activity, these findings (al-
though not conclusive) seem to support
the use of physical activities that in-
crease cardiorespiratory fitness as a cor-
nerstone to the effective management of
patients with abnormal blood glucose
profiles or NIDDM.

The biological mechanisms
through which this association may be
operating are of interest. One explana-
tion may be that increased cardiorespi-
ratory fitness is working through its ef-
fects on other risk factors for death.
Indeed, after controlling for the poten-
tial confounding factors, differences in
death rates between unfit and fit men
were attenuated from the differences
seen with age adjustment only. None-
theless, low-fitness men in group 2
(fasting blood glucose 6.4-7.8 mM)
were still 61% more likely to die than
their high-fitness counterparts, and the
low-fitness men in group 3 (fasting
blood glucose =7.8 mM or NIDDM)
were 92% more likely to die than simi-
larly classified fit men.

Higher levels of physical activity
and cardiorespiratory fitness favorably
alter or associate with more favorable
levels of many of the variables that
were controlled for in these analyses
(23), and these factors are more preva-
lent in people with higher levels of
blood glucose and those individuals
who develop diabetes (28). Therefore, it
is plausible that some of the beneficial
effects of higher levels of cardiorespira-
tory fitness observed in the age-ad-
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Figure 2-—Age-adjusted cardiovascular disease death rates/10,000 person-yr of observation by
fitness grouping within glycemic status (Cooper Clinic men, 1971-1985). Numbers of deaths on
which each rate is based are in parentheses above bars.

justed rates is through beneficial effects
on these or other factors that may not
have been completely controlled for or
were not available for analysis in this
study (i.e., insulin sensitivity, adiposity
or fat distribution, platelet aggregability,
coronary perfusion, and propensity
toward ventricular arrhythmias). Physi-
cally fit people may also have larger,
more muscular hearts and could, there-
fore, be more likely to survive acute
myocardial infarctions.

There are several possible limita-
tions to our study, one of which is the
method of classifying these men into
exposure groups. The National Diabetes
Data Group recommends two fasting
plasma glucose determinations and
sometimes an oral glucose tolerance test
to correctly diagnose individuals as
having diabetes mellitus or impaired
glucose tolerance (27). Our measure of
glycemic status was a single fasting
plasma glucose value. Thus, the pres-
ence of false-positives and false-nega-
tives cannot be ruled out. Although

such misclassification is possible, our
investigation of the mortality experience
across the range of fasting plasma glu-
cose levels would seem to minimize the
problem, especially given the trends of
increasing death rates across glycemic
categories.

Instability in some death rates in
these analyses is an issue. There was a
total of four deaths (2 due to cardiovas-
cular disease) in the unfit men whose
fasting glucose values were =7.8 mM
or who had NIDDM. This may help
explain why the death rates (all cause
and cardiovascular disease) were greater
in low-fitness men with fasting glucose
values 6.4—7.8 mM compared with the
=7.8 mM or NIDDM category. The in-
stability is further evidenced by the
wide Cls around the risk estimates in
this group (Table 3). The choice to
maintain the clinically relevant catego-
ries for analyses was more important
than having equivalent representation
arnong groupings.

The maximal heart rate and dis-

ease history exclusions were made
help ensure that the group under studg
was apparently healthy (other than pog.
sible NIDDM). This means that associg.
tions similar to those reported here j
people who happen to be afflicted wig)
one or more of the exclusion criteri;
are unknown. Despite the exclusions,
there is still a possibility that people
with subclinical disease were not ey
cluded and that disease may be in th
causal pathway affecting (lowering) fir.
ness levels. Other analyses have showp
no difference in the association betweey
fitness level and the risk of morraliy
between people with a short-term fol.
low-up (<3 yr) and a longer-term fol
low-up (=3 yr) (13). Although this
does not definitively rule out the pres
ence of subclinical disease, it would in.
dicate that such an effect is not biasing:
the mortality results.

Our study population was
largely from middle to upper socioeco-
nomic classes and was generally well
educated, who chose to come to a pre
ventive medicine clinic for an elective:
medical evaluation. However, the study.
group was similar on key physiological
variables when compared with other
representative samples of North-Ameri-
can men (29). Blood pressures, esti-
mates of maximal O, uptake, and body
weight were similar to those of .men in’
the Lipid Research Clinics Prevalence
Study and the Canada Fitness Survey.
Moreover, total cholesterol was actually
slightly higher, on the average, in ow
subjects than in the Lipid Research
Clinics data, and the prevalence of ICM
was similar to that estimated for al
U.S. men (30).

Although physical activity was
not directly analyzed in these analyses.
it is possible to estimate the amount ol
exercise necessary to move from the
low-fitness group (lower 20%) to the
higher-fimess group. For example, the
estimated maximal O, uptake for a 40-
to 49-yr-old man in this study whe
was in the lower 20% of the fimes
distribution would be <32 ml- kg™

o
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Table 2—Age-adjusted gll-cause mortality rates and relative risks of death by glycemic status and other visk-factor levels
(Cooper Clinic healthy men, 1971-1985)

Foulow-up  AGE-ADJUSTED DEATH RATES*/ RELATIVE  95% CONFIDENCE

DreatHs  (PERSON-YR) 10,000 pERSON-YR RISK INTERVAL
GLYCEMIC STATUS <6.4 MM
FITNESS
Hicu 120 54,670 21.4 1.0
Low 33 10,114 41.5 1.9 1.2-33
SYSTOLIC BLOOD PRESSURE (MMHG)
<140 127 58,977 223 1.0
=140 26 5806 27.7 1.2 0.7-2.2
AGE (¥R
<50 88 52,098 134 1.0
=50 65 12,688 10.0 0.7 03-1.7
CHOLESTEROL (MM)
<6.24 88 50,341 18.3 1.0
=6.24 65 14,441 41.4 2.3 1.3-3.9
SMOKING
No 102 51,136 19.3 , 1.0
YEs 51 13,648 42.9 2.2 1.3-3.7
BODY MASS INDEX (KG/M%)
<274 126 51,004 243 1.0
=274 27 13,779 19.8 0.8 0.4-1.4
FAMILY HISTORY CORONARY HEART DISEASE
No 122 51,237 24.9 1.0
; Yes 31 13,546 10.4 0.8 0.4-14
GLYCEMIC STATUS 6,4—7.8 MM
 FITNESS
Hicu 12 3621 29.7 1.0
Low 11 1268 101.6 3.4 2.3-5.1
SYSTOLIC BLOOD PRESSURE (MMHG)
<140 14 3828 38.4 1.0
=140 9 1059 76.4 2.0 1.3-2.9
Ace (®)
<50 9 3350 18.4 1.0
230 14 1537 28.6 1.5 0.9-28
CuoresTeroL (MM)
<6.24 11 2998 39.0 1.0
=6.24 12 1889 58.2 1.5 " 1.0-2.2
SMOKING
No 14 3959 35.5 1.0
YEs 9 925 96.3 2.7 1.8-4.0
BoDY MASS INDEX (KG/M?)
<27.4 ‘ 15 2954 50.8 1.0
=27.4 ‘ 8 1933 48.0 0.9 0.6-1.4
FAMILY HISTORY CORONARY HEART DISEASE
No 17 3324 83.9 1.0
Yes 6 1563 31.4 0.4 0.2-0.6
Diaseres CaRE, VOLUME 15, NUMBER 2, FEBRUARY 10902 189
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Table 2—Continued.

AGE-ADJUSTED DEATH

ForLow-up raTES*/10,000 RELATIVE 95% CONFIDENC
DEATHS (PERSON-YR) PERSON-YR RISK INTERVAL
GLYCEMIC STATUS =7.8 MM OR NON-INSULIN-
DEPENDENT DIABETES MELLITUS
FITNESS
" HicH 10 2016 459 1.0
Low 4 669 82.5 1.8 1.2-26
SYSTOLIC BLOOD PRESSURE (MMHG)
<140 10 2278 439 1.0
=140 4 407 984 1.8 1.2-25
AGE (v®)
<50 5 1839 18.6 1.0
250 9 846 335 1.8 1.0-32
CrioresteroL (MM)
<6.24 5 1568 31.2 1.0
=6.24 9 1116 813 2.6 1.7-3.9
SMOKING
No 7 1948 342 1.0
YES 7 737 103.5 3.0 2.1-45
BODY MASS INDEX (KG/M)
<27.4 12 1905 63.0 1.0
=274 2 780 25.6 0.4 0.2-0.6
FAMILY HISTORY CORONARY HEART DISEASE
No 9 1751 53.0 1.0
YEs 5 934 48.5 0.9 0.6-13

* Adjusted to population distribudon of age.

min"! (<12.016 min on the treadmill).
Based on available data from studies
performed at this and other research
centers, it is likely that 30 or 40 min of
moderate-intensity  exercise (e.g., a
brisk walk) 3—5 days/wk would be suf-
ficient 1o improve to, or maintain, the
moderate fitness level in this study.
Although the exact exercise pre-
scription necessary for good health is
unknown, this and other swudies sug-
gest that the amount of cardiorespira-
tory fitness necessary to obtain health
benefits appears not to be that attain-
able only by elite athletes but rather is
attainable by most men without a sub-
stantial investment in either time or in-
tensity. Clinicians are urged tw relay

this message to their patients when ap-
propriate.
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Abstract

Introduction. Information regarding the effect of exercise capacity on mortality risk in individuals with high-normal blood
pressure is severely limited. Thus, we evaluated the association of exercise capacity and all-cause mortality in individuals
with high-normal blood pressure. Methods. Exercise test was performed in 1727 males with high-normal blood pressure at
two Veteran sites (Washington, DC, and Palo Alto, CA). Fitness status was assessed in metabolic equivalents (METS) at
exercise peak. All-cause mortality was recorded for a mean follow-up period of 9.8 +6.0 years. Results. Exercise capacity
was inversely associated with all-cause mortality, and the association was independent of traditional cardiovascular risk
factors. For each 1 MET increase in exercise capacity, the adjusted mortality risk was reduced by 13%, underscoring the
strong predictive value of exercise capacity that was confirmed by ROC analysis. Data analysis according to fitness levels
revealed a threshold level of 4 METSs, over which the mortality risk was progressively reduced by 30% (hazard ratio=0.70;
CI 0.51-0.95) for those who achieved 4.1-6.0 METs and 61% (hazard ratio=0.39; CI 0.26-0.57) for those who achieved
8.1-10 METs. No additional reductions in risk were noted until the MET level achieved exceeded 12 METSs. Conclusions.
We observed a strong, inverse, graded and independent association between exercise capacity and all-cause mortality in
individuals with high-normal blood pressure. Our findings indicate that a shift of the fitness curve to the right is associated
with significant survival benefits, and even slight differences in fitness levels are associated with substantial reductions in
mortality risk.
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Introduction 80-89 mmHg for diastolic blood pressure (2). In

Primary hypertension may be defined as the level of
blood pressure at which the benefits of intervention
are greater than the risks of not intervening. Although
a blood pressure of 140/90 mmHg represents a uni-
formly accepted level by all guidelines (1-3), some
differences exist regarding the definitions of normal
blood pressure levels. The American guidelines
adopted the term “prehypertension” for individuals
with levels of 120-139 mmHg for systolic and/or

contrast, the European guidelines divide this group
in two subgroups: normal (120-129/80-84 mmHg)
and high-normal (130-139/85-89 mmHg) (1). The
2003 European guidelines (4) have earned a wide
recognition in the hypertension field, being among
the most cited articles in the medical literature (5).
Several lines of evidence from large, prospective,
observational studies revealed that individuals with
high-normal blood pressure are at a greater risk of
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