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FIGURE 2. Body fatness and relative risks (RRs) of all-cause mor-
tality by cardiorespiratory fitness categories in men: [J, fit; B, unfit. Fit,
lean men comprised the reference category, represented by the heavy
line at 1.0. Unfit men were the least-fit 20% of each age group, and fit
refers to all other men (18). RRs were adjusted for age (single year),
examination year, smoking habit, alcohol intake, and parental history of
ischemic heart discase. Early mortality indicates the first 5 y of follow-
up. Body fatness categories were, in percentage body fat, lean (<16.7%),
normal (16.7% to <25.0%), and obese (225.0%). Numbers above or
below the bars represent the number of deaths.

fatness interactions, and all were significant (P < 0.001) except
height, diastolic blood pressure, and serum glucose.

All-cause and CVD death rates per 10000 man-years of fol-
fow-up, adjusted for age and examination year across body fat-
ness categories, are shown in Figure 1. There was a direct rela-
tion between body fatness and all-cause (P = 0.01 for linear
trend) and CVD (P = 0.004 for linear trend) death rates.

The associations among cardiorespiratory fitness, body fat-
ness, and all-cause and CVD mortality are shown in Table 2.
Cox proportional hazards regression analyses, adjusted for age
and examination year, showed that fit men had lower death rates
than did their unfit counterparts within lean, normal, and obese
categories. Unfit, lean men had twice the risk of all-cause mor-
tality as did fit, lean men (P = 0.02) and also had higher risk (2.2
times) of all-cause mortality when compared with fit, obese men
(P = 0.008). The all-cause mortality rate of fit, obese men was
not significantly different from that of fit, lean men. These
results were similar after additional adjustment for cigarette

smoking, alcohol intake, and parental history of IHD. To evalu-
ate further the possible bias of subclinical disease at baseline, we
constructed another multivariate model by adding baseline elec-
trocardiographic status (normal or abnormal). This analysis led
to adjusted RRs that were nearly identical to those reported in
Table 2. Exclusion for early mortality also made little difference
in these results (Figure 2).

We observed similar associations among cardiorespiratory fit-
ness, body fatness, and all-cause mortality in nonsmokers and in
nonsmokers with exclusion for early mortality and adjustment
for age, examination year, alcohol intake, and parental history of
IHD (Figure 2). Of nonsmokers, unfit, lean men had 1.7 times
the risk of all-cause mortality of fit, lean men, with the highest
all-cause mortality in unfit, obese men (RR: 1.97; 95% CI: 1.35,
2.88). Unfit nonsmokers in all body-composition groups had
higher mortality risks than did fit nonsmokers after further
exclusion for early mortality.

Unfit, lean men also had a high risk of CVD mortality when
compared with their fit counterparts in all body fatness cate-
gories (Table 2). After multivariate adjustment for age, examina-
tion year, cigarette smoking, alcohol intake, and parental history
of [HD, we observed that fit, lean men had the lowest CVD mor-
tality, and that unfit, obese men had the highest. Unfit, lean men
had 3.2 times the risk of CVD mortality of fit, lean men (95% CI:
1.12, 8.92; P = 0.03). However, fit, obese men had a lower risk
of CVD mortality than did unfit, lean men.

When we further examined the relation of estimated VOzmax
(in mL-kg FFM~!-min~") and body fatness with all-cause and
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FIGURE 3. Body fatness and relative risks (RRs) of all-cause and car-
diovascular disease (CVD) mortality by cardiorespiratory fitness cate-
gories in men: [, fit; B, unfit. Fit, lean men comprised the reference cat-
egory, represented by the heavy line at 1.0. Unfit men were the lowest
quartile of oxygen uptake (mL+kg FFM~!+min~") in each age group, and
fit refers to all other men. RRs were adjusted for age (single year), exam-
ination year, smoking habit, alcohol intake, and parental history of
ischemic heart disease. Body fatness categories were, in percentage body
fat, lean (<16.7%), normal (16.7% to <25.0%), and obese (=225.0%).
Numbers above or below the bars represent the number of deaths.
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FIGURE 4, Fat mass, fat-free mass, and relative risks (RR) of all-cause and cardiovascular disease (CVD) mortality by cardiorespiratory fitness cat-
egories in men; [J, fit; W, unfit. Fit, lean men comprised the reference category, represented by the heavy line at 1.0. Unfit men were the least-fit 20%
of each age group, and fit refers to all other men (18). RRs were adjusted for age (single year), examination year, smoking habit, alcohol intake, and
parental history of ischemic heart disease. Fat mass measurements across low, moderate, and high categories were <12.8, 12.8 to <21.7, and >21.7 kg;
fat-free mass measurements across these categories were <60, 60 to <70, and 270 kg. Numbers above or below the bars represent the number of deaths.

CVD mortality (Figure 3), similar results were obtained as for
analyses in which fitness was expressed in mL-kg™'-min~!.
Mortality risk was elevated in unfit, lean men, with the highest
all-cause and CVD mortality in unfit, obese men. Unfit men had
substantially higher risk of CVD in all fatness categories, but
there also was a direct association between body fatness and
CVD mortality in fit men (P = 0.05 for linear trend).

We also examined the relations of cardiorespiratory fitness, fat
mass, and FFM to all-cause and CVD mortality (Figure 4). Unfit men
had a higher risk of all-cause and CVD mortality than did fit men in
all fat mass and FFM categories. Unfit men in the lowest quartile of
fat mass and FFM had a greater risk of all-cause and CVD mortality
than did fit men in the highest quartile of fat mass and FFM.

We also observed results similar to the analyses presented
above when the men were stratified by waist circumference.
There were 162 deaths (40 from CVD, 54 from cancer, and 68
from other causes) during an average of 5.6 y of follow-up
(78 008 man-years of observation) in the subgroup of 14043 men
who had waist girth assessed at baseline. We calculated all-cause
and CVD death rates per 10000 man-years of follow-up and
adjusted for age and examination year across waist circumfer-
ence categories. All-cause and CVD death rates directly
increased with larger sizes of waist girth, although the trends
were not significant (Figure 5).

The associations among cardiorespiratory fitness, waist cir-
cumference, and all-cause mortality are shown in Table 3. After
multivariate adjustment for age, examination year, cigarette
smoking, alcohol intake, and parental history of IHD, we
observed that fit men had lower risk of all-cause mortality in all
waist circumference categories than unfit men. Unfit men in the
lowest quartile of waist girth had 4.9 times (P < 0.001) the risk
of all-cause mortality of their peers who were fit. In contrast, fit
men in the highest quartile of waist girth had no elevated risk of

all-cause mortality and had much lower mortality risk than unfit
men in the lowest quartile of waist girth.

DISCUSSION

Although there is a strong direct relation between BMI and
mortality (27), there has been little research on the relation
between measured body fatness and mortality (16). We examined
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FIGURE 5. All-cause and cardiovascular disease (CVD) death rates
per 10000 man-years of follow-up, adjusted for age (single year) and
examination year, across waist girth categories. Waist girth categories
were low (<87 cm), moderate (87 to <99 c¢m), and high (299 cm). Num-
bers atop the bars represent the number of deaths.
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TABLE 3
Waist circumference and relative risks (RRs) of all-cause mortality by cardiorespiratory fitness level in 14043 men’
Waist circumference category Man years of RR of Multivariate RR of
and cardiorespiratory fitness level Deaths follow-up death (95% CI)* death (95% CI)*
n man-y (%)
Low waist circumference (<87 cm)
Fit (n = 3247) 26 18579 (23.8) 1.00 1.00
Unfit (n = 136) 8 1022 (1.3) 4.71 (213, 10.43) 4.88 (2.20, 10.83)
Moderate waist circumference (87 to <99 cm)
Fit (n = 6237) 60 34189 (43.8) 1.08 (0.68, 1.71) 1.05 (0.66, 1.67)
Unfit (n = 616) 15 4211 (5.4) 2.08 (1.10, 3.93) 2.05(1.08,3.87)
High waist circumference (299 cm)
Fit (n = 2645) 24 12994 (16.7) 0.98 (0.56, 1.72) 0.95 (0.54, 1.66)
Unfit (n = 1162) 29 7013 (9.0) 2.47 (1.45,4.19) 2.40 (1.41, 4.07)

! Cardiorespiratory fitness level (fit or unfit) from reference 18.
2 Adjusted for age (single year) and examination year.

3 Adjusted for age (single year), examination year, smoking, alcohol intake, and parental history of ischemic heart discase.

the health effects of body composition among 21925 men after
taking cardiorespiratory fitness into account. Our database is
unique, with measures of body composition and maximal exercise
test data on a large sample of men. We observed a direct relation
between body fatness and all-cause and CVD mortality. However,
being fit apparently decreased high mortality risk in obese men.
This association was similar in nonsmokers and after exclusion for
early mortality in both the entire population and in nonsmokers.

We observed similar results across strata of fat mass and FFM.
Unfit men in the lowest quartile of fat mass and FFM had a
greater risk of all-cause and CVD mortality than their fit coun-
terparts. Fit men in the highest quartile of fat mass and FFM had
a lower risk of all-cause and CVD mortality than did unfit, lean
men. Our data indicate that cardiorespiratory fitness levels in
men influence the health effects of obesity. We did not observe
elevated mortality risk in men with high amounts of fat mass and
FFM if they also were fit.

Several studies report that abdominal obesity is associated
with elevated death rates (11-13). Although WHR has been com-
monly used to examine abdominal obesity, some studies suggest
that waist girth rather than WHR is a better predictor of abdom-
inal obesity (28-30). Measurement of waist girth instead of
WHR for risk stratification is recommended in recent guidelines
from the US National Institutes of Health and the World Health
Organization (31, 32). Bjorntorp (33) reports that abdominal
obesity, rather than peripheral obesity, also is associated with
increased risk. Some studies show higher death rates in those
with abdominal obesity who were underweight (a low BMI and
high WHR) than in those without abdominal obesity who were
overweight (a high BMI and low WHR) (11-13). No prior studies
have reported the health effects of waist girth while also consider-
ing cardiorespiratory fitness. Our data show that fit men with low
waist girth had lower risk of all-cause mortality than did unfit men
in the same waist girth category. Unfit men with a high waist girth
had a death rate 2.4 times greater than did the fit men with low
waist girth, and fit men in the high waist girth category had a rate
of all-cause mortality similar to fit men with low waist girth.

Our results support the hypothesis that moderate-to-high car-
diorespiratory fitness reduces mortality risk across categories of
body composition. Although most researchers agree that obesity
is associated with health hazards and leanness is associated with
health benefits, lean men in our study had increased longevity

only if they were physically fit; furthermore, obese men who
were fit did not have elevated mortality. In general, unfit, lean
men were inactive and had low aerobic power despite their favor-
able IHD risk factor profiles at baseline, whereas fit, obese men
were highly active and had high aerobic power at baseline.

A limitation of our study was that our subjects were white
men in the middle and upper socioeconomic levels, although this
homogeneity reduces the likelihood of confounding by socioe-
conomic characteristics. We hope that other investigators will
examine these issues in other populations. The possibility of bias
due to baseline health status is a consideration in all observa-
tional studies, including this one, but we think that serious bias
is unlikely in this case because all study participants were given
extensive medical examinations at baseline, which enabled us to
exclude those with a history of myocardial infarction, stroke, or
cancer. In addition, men who failed to achieve >85% of their
age-predicted maximal heart rate on the maximal exercise test
were excluded; this should have eliminated men who did not
have a history of disease but were not feeling well as a result.of
an undiagnosed condition. We also adjusted the analyses for
presence or absence of an abnormal electrocardiogram result.
This exclusion eliminated men with angina, arrhythmia, or elec-
trocardiographic abnormalities on the treadmill test, as well as
resting electrocardiographic abnormalities. The effect of all
these exclusion criteria was to minimize the possible bias of
baseline subclinical disease. Another limitation of our study was
that we estimated, rather than directly measured, residual lung
volume during underwater weighing. Morrow et al (34) reported
that the prediction accuracy of body fatness measured by densit-
ometry when residual lung volume was estimated was only
slightly better than anthropometric assessments. Nonetheless,
the densitometry and skinfold-thickness estimates of body com-
position were likely to be more accurate measures of body fat-
ness than BMI or height-weight indexes. Finally, we had only a
one-time assessment of the exposure variables of cardiorespira-
tory fitness and body composition, and we do not know the
extent to which these characteristics might have changed during
follow-up. However, changes in the exposure variables during
follow-up would cause misclassification and would be likely to
lead to underestimates of RRs. Therefore, the true associations
between fitness or body fatness and mortality may have actually
been stronger than indicated by our results.
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In summary, we found that obesity did not appear to increase
mortality risk in fit men. For long-term health benefits we should
focus on improving fitness by increasing physical activity rather
than relying only on diet for weight control. Aerobic exercise
improves IHD risk factors (35), and increases in physical activ-
ity or fitness extend longevity (18, 36). Although some studies
show that there is no difference between diet and aerobic exer-
cise in reducing IHD risk factors (37-39), or even report that diet
is better than aerobic exercise for improving IHD risk factors in
overweight men (40), our data show that fit men had greater
longevity than unfit men regardless of their body composition or
risk factor status. Obese men should be encouraged to increase
their cardiorespiratory fitness by engaging in regular, moderate-
intensity physical activity; this should benefit them even if they
remain overweight.

We thank the physicians and technicians of the Cooper Clinic for collect-
ing the data for this study; Kenneth H Cooper, for initiating the Aerobics Cen-
ter Longitudinal Study; Carolyn E Barlow, for data management support; and
Melba S Morrow, for editorial assistance. We are grateful for the guidance of
the Scientific Advisory Board of the Cooper Institute for Aerobics Research.
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US weight guidelines: Is it also important to
consider cardiorespiratory fitness?

CD Lee*, AS Jackson® and SN Blair’
! Division of Epidemiology and Clinical Applications, Cooper Institute for Aerobics Research, Dallas, and *Department of Health and
Human Performance, University of Houston, Houston, Texas, USA

BACKGROUND: The health consequences of weight ranges across low to moderate and high levels of cardiorespira-
tory fitness are unknown.

OBJECTIVE: To evaluate the validity of the 1995 US weight guidelines, while considering cardlorespwa’tory fitness.
METHODS: We followed 21 856 men, aged 36-83 v, who had a complete preventive medical examination, including a
maximal treadmill exercise test and body composition assessment. There were 427 deaths (144 cardiovascular
disease [CVD); 143 cancer; 140 others) during an average of 8.1y of follow-up. We used Cox proportional hazards
regression to examine the relations among cardiorespiratory fitness, body mass index (BM, kg/m?), and all-cause and
CVD mortality.

RESULTS: After adjustment for age, examination year, cigarette smoking and alcohol intake, we observed that men
with a2 BMI of 19.0 to < 25.0 and who were unfit had 2.3 times the risk of all-cause mortality (95% confidence interval
{95% Cl), 1.569-3.17, P <0.001} compared with fit men in this BMI group (reference category}. Unfit men with a BMI of
25.0 to < 27.8 also had a greater risk of all-cause mortality than fit men in the same BNl category. Fit but overweight
men {BVl > 27.8) had a similar rate of all-cause mortality as physically fit men of normal weight {(BMV 19.0 to <25.0}
and had a lower risk of all-cause mortality than unfit and normal weight men. Fit men of normal weight had the lowest
CVD mortality, while unfit and overweight men experienced the highest CVD mortality. Unfit men had substantially
higher CVD mortality than fit men in each BMI group.

CONCLUSIONS: Unfit men had higher all-cause and CVD mortality than fit men. The health benefits of normal weights
appear to be limited to men who have moderate or high levels of cardiorespiratory fitness. These data suggest that
the 1995 US weight guidelines may be misleading unless cardiorespiratory fitness is taken into aceount.

Keywords: cardiorespiratory fitness; BMI; mortality; weight standards; obesity

protectzve association of fitness in those with a high
BMIL? 1t appears, therefore, that being fit provides
protection against all-cause mortality even in over-
weight or obese individuals.

The health consequences of weight guidelines need

Introduction

According to the 1995 weight guidelines,' healthy
weights for men and women are defined as bcdy mass

index (BMI, kg/m?) from 19—25kg/m? but the
validity of these guidelines in refation to longevity
remains less clear. Some studies show that the lowest
all-cause mortality is associated with below-average
weight® and another study shows an increased cor-
onary heart disease (CHD) morbidity within the
normal weight range.” We believe that cardiorespira-
tory fitness should also be considered when defining
body weight standards. Cardlorespxratory fitness is an
important mortahty predictor,”® is associated with
weight control,” and may confound the relationship
between BMI and mortality. Recent preliminary data
from the Aerobics Center Longitudinal Study show a
high BMI that is not associated with increased mor-
tality in men who have moderate to high levels
of cardiorespiratory fitness.® Extension of this ear-
lier work with more detailed analyses confirms a

Correspondence: Steven N. Blair, 12330 Preston Road, Dallas
TX 75230, USA,
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further investigation considering cardiorespiratory fit-
ness. The purpose of this study is to extend our earlier
analyses on the associations among cardiorespiratory
fitness, BMI and mortality in men. We specifically
assess the validity of the 1995 US weight guidelines,
after taking cardiorespiratory fitness into account.

Methods

Study participants and measurements

Study participants included 21856 men, aged 30—
83y, who had a preventive medical evaluation and
body composition assessment between 1971 and 1989
at the Cooper Clinic in Dallas, Texas. All participants
were residents of the US and had no personal history
of myocardial infarction, stroke or cancer, at baseline.
Participants gave their informed written consent for
the medical evaluation and subsequent registration in
the follow-up study, and the protocol was reviewed



and approved anunually by the Institutional Review
Board.

The medical evaluation, performed after an over-
night fast of at least 12 h, included a physical exam-
ination, anthropometry, electrocardiography, blood
chemistry analysis, blood pressure assessment, a max-
imal exercise treadmill test, self-report of health
habits, and demographic characteristics. Additional
details of examination procedures are published else-
where.>°

Body weight and stature were measured with a
standard physician’s scale and stadiometer (Heath-
ometer). BMI (kg/m?) was used as an index of over-
weight and was classified as normal-weight (19.0—
< 25.0), mild-overweight (25.0~ <27.8) and over-
weight (>27.8), as specified in the US guidelines.'
Body composition was assessed further by either
hydrostatic weighing or measurement of skinfold fat,
or both. We determined percent body fat by hydro-
densitometry using Siri’s two-component model.'
Underwater weight was measured with a Chatillon
[5kg-scale following standard procedures.’? The
highest underwater weight of three trials was used to
determine body volume. Residual lung volume was
estimated from Goldman and Becklake.'® The sum of
seven skinfolds (Z7) was used to estimate percent
body fat (%fat) from a generalized body density
equation.’* Skinfold fat was measured at chest, abdo-
men, thigh, axilla, triceps, subscapular and suprailium,
with a Lange caliper (Cambridge Scientific Industries,
Cambridge, MD) to the nearest 1 mm. We used either
skinfold fat in men who had only the X7 skinfold
measurements, or hydrostatistically determined %fat
in men who underwent hydrostatic weighing or who
provided both hydrostatic weighing and X7 skinfold
measurements. The mean and standard deviation (s.d.)
for %fat were nearly identical for the two methods in
the men who had both measurements. We also did not
find any differences of mortality rates in these two
methods when we included a dummy variable (X7
skinfolds or densitometry) in the multivariate analysis.

Alcohol intake and cigarette smoking habit were
assessed with a self-reported questionnaire. Alcohol
consumption was classified according to weekly alco-
hol intake: none, light (< 15units), moderate (15—
=30 wunits), and heavy (>31 units). One unit of
alcohol intake was defined as a bottle/can of beer
(12 0z), a glass of wine (5 0z), or 1.5 oz of hard liquor.
Smoking status was classified as never smokers,
former smokers or current smokers, at three levels
(<20, 20— <40 and > 40 cigarettes/d).

Cardiorespiratory fitness was measured by a max-
imal treadmill exercise test as described previously.f
All participants achieved at least 85% of their age-
predicted maximal heart rate (220 — age in years)
during the treadmill test. Total treadmill endurance
time was used as an index of aerobic power, with time
on freadmill with this protocol correlated highly with
maximal oxygen uptake (r=0.92).'" Men in the least-
fit 20% of each age group were classified as physically
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unfit, and all others as physically fit.5 All participants
were cross-tabulated by BMI categories and cardior-
espiratory fitness levels as follows: (1) normal-weight
and physically fit, (2) normal-weight and unfit, (3)
mild-overweight and fit, (4) mild-overweight and unfit,
(5) overweight and fit, and (6) overweight and unfit.

Mortality surveillance

All participants were followed for mortality from the
baseline examination to the date of death or to 31
December 1989. Deaths among study participants
were identified from the National Death Index, and
official death certificates of decedents were obtained
from the department of vital records in the respective
state. The underlying cause of death was coded by
a nosologist according to the International Classifi-
cation of Diseases (Revised 9th edn, US Govt Printing
Office, Washington, 1979), with cardiovascular dis-
ease (CVD) defined as codes 390-449.9.

Statistical analysis

All-cause and CVD death rates per 10 000 man-years
of follow-up, adjusted for age and examination year,
were calculated across BMI categories. Proportional
hazards regression was used to examine the relations
among cardiorespiratory fitness, BMI, and all-
cause and CVD mortality.'s The empirical cumulative
hazard plots documented that the proportional hazards
assumption was met. Separate models were also
computed to examine this relation in nonsmokers
and in nonsmokers with an additional exclusion for
early mortality (the first five years of follow-up). Men
who were normal weight and fit were selected as the
reference category. The relative risks (RRs) of all-
cause and CVD mortality were estimated after adjust-
ment for age and examination year, and further
adjustment for cigarette smoking and alcohol use.
We did not control for the obesity-related biological
factors such as hypertension, diabetes and hyper-
cholesterolemia at baseline, as recommended by
Manson et al,” although the RR showed little change
when these factors were included in the multivariate
model. The 95% confidence interval (95% CI) for each
RR were calculated. All statistical procedures were
performed by Statistical Analysis Systems software.!”

Results

We followed 21 856 men, aged 30—83y at baseline.
There were 427 deaths (144 CVD; 143 cancer; 140
others) during 176 189 man years of observation.
General descriptive and physiological characteristics
of the baseline participants by BMI categories (19—
<25, 25~ <278 and =>27.8) across cardiorespira-
tory fitness levels (fit and unfit) are presented in Table
1. Treadmill time was progressively lower with higher
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Table 1 Baseline characteristics {meands.d.) of participants by body mass index {BMI) and cardiorespiratory fitness levels in men,
Aerobics Center Longitudinal Study, 1971~1989

Cardiorespiratory fitness and BMI (kg/m?)

Normal-weight (180~ < 250) Mild-overweight (250~ < 278)  Overweight (BMI = 27.8)

All men

Variable Fit Unfit Fit Unfit Fit Unfit (n=21856)
Age (y} 43.24+9.0 43.2+£9.1 4441489 435+85 453+8.9 43.3+8.2 -43.94+8.9
Height {cmy) .. 1788+863 1776166 178.9+86.3 178.0x6.5 1789+6.5 1783+£65 1787+6.4
Weight tkg) 744166 73.9+6.9 84.1+65 83.7+86.6 95.8+9.3 10081138 83.4+123
Treadmill time {min) 205145 1M7+2.7 18,4+3.9 11.6+25 16.6+3.4 11.0£25 175451
Systolic BP {(mmHg) 118.8+13.4 120.1£142 1209+£13.2 12324138 12384133 1262+138 121.2+136
Diastolic BP {mmHg) 78.6+9.1 79.9+9.4 80,8+9.2 825:+9.4 83.4+9.3 855498 81.0+9.5
Triglycerides {mmol/L) 1.2+09 1.7+1.9 1.5+ 1.1 20+17 18+13 2.4+18 1.6£13
Serum glucose {mmaol/L) 5.4+0.7 5.6+ 1.3 5.6+0.7 57+1.0 5.7+0.9 59415 5.6£0.9
Total cholesterol (mmol/L) 5.3+1.2 5.6+1.0 5.6+ 1.1 58+1.1 57+ 1.1 584+ 1.1 5.541.2
BMI (kg/m?) 23.2+1.3 23.4+£1.3 26.3+0.8 26.4+08 2899+1.9 31.7+3.86 26.1+3.4
Percent body fat 16.9+5.4 21.1+86.6 21.1+4.8 237454 28.7+4.9 28.6+5.7 211+ 6.6
inactive (%) 24.4 731 30.2 73.5 348 68.0 36.8
Systolic BP > 140 mmHg (%) 7.8 11.4 9.8 13.7 13.0 18.7 10.7
Fasting glucose > 8.7 mmol/L (%) 2.1 4.4 37 6.6 6.7 119 45
Abnormal electrocardiogram {%) 55 11.3 6.2 11.2 7.1 7.9 8.7
Family history of CHD {%) 26.8 28.3 29.4 29.5 30.2 29.8 28.6
History of hyperténsion {%) 10.2 16.3 16.0 22.2 21.8 29,7 16.4
History of diabetes {%) 19 55 2.1 5.4 1.8 5.0 28
Current smoker (%) 15.6 41.2 18.7 40.1 17.1 313 20.8
Past smoker (%) 29.2 19.4 29.9 19.8 29.7 231 27.9

BP =blood pressure; CHD =coronary heart disease.

400

men had a lower degree of body fatness compared
with their unfit counterparts in each BMI group. In
general, unfit men had less favorable CVD risk factor
profiles than their fit counterparts in the same BMI
category, with a higher prevalence of physical in-
activity, elevated systolic blood pressure, fasting
glucose, abnormal electrocardiogram and history of
hypertension and diabetes.

Figure 1 presents all-cause and CVD death rates per
10 000 man-years of follow-up, adjusted for age and
examination year, across BMI categories. All-cause
and CVD death rates were higher in men with a BMI
of >27.8kg/km®. Men in the normal weight group
had a low death rate for all-cause and CVD, while
overweight men had a high death rate for all-cause
and CVD.

Table 2 presents the relations among cardiorespira-
tory fitness, BMI, and all-cause mortality. The RRs of
all-cause mortality for BMI categories across cardio-
respiratory fitness levels are provided for all men.
After adjustment for age and examination year, unfit
men were at higher risk of all-cause mortality than
their fit counterparts in all BMI categories, with RRs

B Al-Cause
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Figure 1 All-cause and cardiovascular disease (CVD) death
rates per 10000 man-years of follow-up, adjusted for age
{single year} and examination year, across body mass index
(BMI, kg/m? categories. Numbers above the bars represent
number of deaths. k

BMIs in fit men, but maintained a constant trend
across BMI categories in unfit men, Men who were
normal weight and physically fit had the longest
average treadmill time. Body fatness was greater in
higher BMI groups in both fit and anfit men, but fit
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being from 1.7—2.2 higher in the unfit. Fit and over-
weight men had a similar rate of all-cause mortality as
fit, normal weight men, but had a lower rate of all-
canse mortality when compared with unfit and normal
weight men. These results were similar after addi-
tional adjustment for cigarette smoking and alcohol
intake.

The associations also remained in nonsmokers and
in nonsmokers with exclusion for early mortality, with
adjustment for age, examination year and alcohol
intake (Figure 2). For nonsmokers, fit and normal
weight men experienced the lowest all-cause mortality,
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Table 2 Body mass index (BMI, kg/m®) and relative risks of all-cause mortality by cardiorespiratory fitness levels in men, Aerobics

Center Longitudinal Study

Deaths Subjects Man years of RRof Multivariate RR of
Fitness® BMI (r) {n) follovw-up (%) death (95% C1)° death (95% CI)°
Fit 19.0~ < 25.0° 121 8123 64233 (37) .00 1.00
Unfit 19.0- < 25,09 45 933 10412 (6) 224 (1,59-3.16) 2.25 {1.58~3.17)
Fit 26.0-<27.8 89 6073 45877 (26) 0.96 {0.73-1.26} 0.96 {0.73-1.26)
Unfit 25.0- <278 46 1286 14358 {8} 1.68 (1.19-2.36) 1.68 {1.19~2.37)
Fit >27.8 49 3307 21683 {12) 1.08 (0.77-1.50) 1.08 {0.77-1.50)
Unfit >27.8 77 2118 18626 (11) 2.24 {1.68-2.98) 2.24 (1.68-2.98)

3 Cardiorespiratory fitness (fit vs unfit®).
b Adjusted for age (single year) and examination year.

¢ Adjusted for age {single year}, examination year, smoking habit (never, former, or current (< 20, 20— < 40 or > 40 cigarettes/d}) and

aleohol intake {none, light, moderate or heavy).
¢ JS weight guidelines: US Department of Agriculture ®
RR =relative risk; 95% Cl=95% confidence interval.

while unfit and overweight men experienced the high-
est all-cause mortality. However, unfit, normal weight
men had 2.1 times the risk of all-cause mortality of fit
and normal weight men (95% CI, 1.35-341,
P=0.001). When we excluded the first five years of
follow-up among nonsmokers, unfit, normal weight
men still had a greater risk of all-cause mortality, with
a RR of 2.2 compared with their fit counterparts (95%
Cl=1.24-3.83, P=0.007). Men who were unfit and
overweight had the highest all-cause mortality
(RR =2.88, 95% CI, 1.89—-4.40, P=10.001). How-
ever, fit and overweight men were at fower risk of
all-cause mortality than unfit and normal weight men.

Figure 2 also presents the associations among BMI,
cardiorespiratory fitness, and CVD mortality, with
adjustment for age, examination year, smoking
status and alcohol intake. Men who were fit and
normal weight experienced the lowest CVD mortality,
while men who were unfit and overweight experi-
enced the highest CVD mortality. Unfit, normal
weight men also had a greater risk of CVD mortality,
with RR of 2.8 (95% CI, 1.43-5.49, P=0.003)
compared with the reference group. The RRs of
CVD mortality increased with increasing BMIs in
both fit and unfit men, respectively. Men who were
unfit and overweight had 4.8 (95% CI, 2.85-8.05,
P <0.001) times the risk of CVD mortality of fit,
normal weight men. In contrast, fit and overweight
men had less risk of CVD mortality than unfit men of
normal weight. In the mild-overweight range, unfit
men had 3.7 times (95% CI, 2.05-6.50, P <0.001)
and fit men had 1.8 times (95% CI, 1.07-3.01,
P=0.03) the risk of CVD mortality of fit and
normal weight men.

Discussion

The purpose of this study was to examine the relation
of the 1995 US weight guidelines to mortality, after
taking cardiorespiratory fitness into account. The
major finding is that men, within the recommended

US weight guidelines but who were unfit, had a high
risk of all-cause and CVD mortality when compared
with overweight men who were fit. Unfit and mildly
overweight men also had a greater risk of all-cause
and CVD mortality than their fit peers.

We observed similar results in nonsmokers and in
nonsmokers with exclusion for early mortality. For
nonsmokets, fit and normal weight men had the lowest
all-cause mortality, but normal weight men who were
unfit had a high risk of all-cause mortality. When we
additionally excluded the first five years of follow-up,
similar results were obtained.

Although the current US weight guidelines recom-
mend healthy weights as BMIs from 19-25kg/m?,
the optimal level of body weight in relation to long-
evity still remains controversial. Some studies show
that the lowest all-cause mortality is associated with
the normal weight range,'®'® while others show that
the lowest all-cause mortality is associated with lean-
ness.>* According to the American Cancer Study,'®
the lowest all-cause mortality occurs in those with a
BMI from 20-25kg/m?, which is similar to the
Norwegian experience'® of BMI from 21-25kg/m?.
However, these findings are limited, due to the lack of
controlling for either smoking effect or illness-related
carly mortality.?® Conversely, recent data from the
Nurses” Health Study* showed elevated CHD morbid-
ity across the normal weight range. Our data show that
the health benefits of weight in this range are limited
to the men who have moderate or high levels of
cardiorespiratory fitness. We observed a low risk of
all-cause and CVD mortality in fit men with a BMI of
19—25kg/m?, but this was not the case with the unfit
in this BMI group. Thus, the cwrrent US weight
guidelines may be misleading, unless cardiorespira-
tory fitness is also considered. These data suggest that
it may be desirable to obtain healthy weights with
aerobic exercise rather than to diet for weight loss. In
fact, it is clear that aerobic exercise increases aerobic
power and preserves fat-free mass, while diet does
not‘21—24

An interesting finding of this study is that over-
weight but fit men were at low risk of all-cause
mortality. These fit but overweight men had lower
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Figure 2 Body mass index (BMl, kg/m?) and relative risks (RR)
of all-cause and cardiovascular disease (CVD} mortality by
cardiorespiratory fitness levels in men. For nonsmokers, the
RR has been adjusted for age {single year), examination year,
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first five years of follow-up. Numbers above the bars represent
number of deaths. Unfit men are the least-fit 20% of each age
group, and fit refers to all other men.®
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%fat and higher aerobic power than unfit, overweight
men (Table 1). When we further analyzed the mortal-
ity rates of these fit and unfit overweight men includ-
ing either BMI or %fat as continuous variables with
other risk factors in the multivariate analysis, the
mortality differences between fit and unfit men in
the overweight category was unchanged. Thus, it
seems that the increased longevity we observed in
overweight but fit men may be due to high fitness
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rather than differences in body fatness in the two
fitness groups.

In this study, we do not intend to minimize the risk
of overweight, but we do emphasize that increasing
fitness may be more important than maintaining
healthy weights. It is well documented that higher
levels of physical fitness are associated with lower
incidence of all-cause and CVD mortality.®>*° It is
also established that an increase in fitness improves
CVD risk factors®® and extends longevity.® Thus, we
strongly recommend to public health policy makers
the importance of maintaining acceptable levels of
cardiorespiratory fitness.

Although our findings are limited to Caucasian men
in middle and upper socioeconomic levels, this is the
first study that presents data on longevity for the US
weight guidelines categories, combined with cardio-
respiratory fitness levels. Our data clearly show that
greater longevity in men meeting the normal weight
criterion of the 1995 US weight guidelines is limited
to men who have moderate or high levels of cardio-
respiratory fitness. These data suggest that cardio-
respiratory fitness should be considered when defining
body weight standards.
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ORIGINAL ARTICLE

The Association Between Cardiorespiratory Fitness and Risk of All-Cause
Mortality Among Women With Impaired Fasting Glucose or
Undiagnosed Diabetes Mellitus

G. WiLLiaMm LYERLY, PHD; XuEMEI Sul, MD; CArL J. Lavig, MD; TiMoTHY S. CHURCH, MD, PHD;
GREGORY A. HAND, PHD; AND STEVEN N. BLAIR, PED

OBJECTIVE: To evaluate the independent and joint associations
among cardiorespiratory fitness (CRF), body mass index, and risk
of mortality from any cause among women with impaired fasting
glucose (IFG) or undiagnosed diabetes mellitus (DM).

PATIENTS AND METHODS: Female patients (N=3044; mean age,
47.4 years) with IFG or undiagnosed DM completed a maximal
exercise treadmill test {between January 26, 1971, and March
21, 2001). The women had no history of a cardiovascular disease
event or diagnosed DM at baseline. Cardiorespiratory fitness was
defined categorically as low (bottom 20%), moderate (middie
40%), or high (upper 40%) according to previously published
Aerobics Center Longitudinal Study guidelines. Body mass index
was calculated as the weight in kilograms divided by the height in
meters squared (kg/m?).

RESULTS: During a 16-year follow-up period, 171 deaths oc-
curred. There was an inverse association between CRF and all-
cause mortality risk. Women with moderate or high CRF were at
lower risk of mortality (moderate CRF, 35% lower; high CRF, 36%
lower; P, =.03) than those with low CRF. An exercise capacity
lower than 7 metabolic equivalents was associated with a 1.5-fold
higher risk of death than an exercise capacity of 9 metabolic
equivalents or higher (P, =.05). The multivariate adjusted haz-
ard ratios (HRs), including adjustments for CRF, were higher for
heavier patients than for patients of normal weight (overweight
patients: HR, 0.86; 95% confidence interval, 0.57-1.30; obese pa-
tients: HR, 1.19; 95% confidence interval, 0.70-2.03; P, =.84).
Combined analyses showed that women who were overweight or
obese and unfit (low CRF) were at more than twice the risk of
death than women who were of normal weight and fit (moderate
or high CRF).

CONCLUSION: Cardiorespiratory fitness, not body.mass index, is
a significant predictor of all-cause mortality among women with
IFG or undiagnosed DM. Assessing CRF levels provides important
prognostic information independent of traditional risk factors.

Mayo Clin Proc. 2009;84(9):780-786

ACLS = Aerobics Center Longitudinal Study; BMI = body mass index;
Cl = confidence interval; CRF = cardiorespiratory fithess; CVD = car-
diovascular disease; DM = diabetes mellitus; HR = hazard ratio; IFG =
impaired fasting glucose; MET = metabolic equivalent

mpaired fasting glucose (IFG) has been associated with

an elevated risk of premature mortality.!? Recently,
greater attention has been directed toward IFG in efforts to
reduce the development of diabetes mellitus (DM) and car-
diovascular disease (CVD). In 2003, the American Diabetes
Association recommended that the definition of IFG be
expanded to include fasting glucose concentrations between
100 mg/dL and 125 mg/dL (to convert to mmol/L, multiply
by 0.0555), as opposed to the previous concentrations of

110 mg/dL to 125 mg/dL.? In 2002, 54 million people in
the United States aged 20 years or older had IFG, represent-
ing 26% of the total US population; this number would be
higher if the more stringent definition were used.* In 2005,
20.8 million people (7% of the total US population) in the
same age group had DM.* Half of these cases of DM were
expected to be undiagnosed and asymptomatic.’ The risk of
premature CVD and death is 2 to 4 times higher for persons
with DM than for those of equivalent age without DM.57
Therefore, the detection and treatment of CVD risk factors
may be particularly important for preventing CVD among
persons with asymptomatic IFG and DM.

A low cardiorespiratory fitness (CRF) level is a predictor
of all-cause mortality among men with type 2 DM.? Recent
studies®!® have also reported a strong and
independent association between CRF
and mortality among men with DM in
all body mass index (BMI) and body fat-
ness groups.!! However, most previous
studies have focused on the association between CRF and
mortality among either men only or men and women who
are sedentary but apparently healthy.®12

There is a strong independent association between

For editorial
comment,
see page 776

- obesity and all-cause mortality among both men and

women. > Most studies have found that this association
is J-shaped or U-shaped. Like CRF studies, most obesity
studies have focused on the association between obesity
and mortality in women, men, or both men and women in
the general population, regardless of any disease state.'*16

Few studies have focused on persons with IFG and un-
diagnosed DM, especially women. To our knowledge, no
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CRF AND MORTALITY RISK IN WOMEN WITH IMPAIRED GLUCOSE METABOLISM

TABLE 1. Stratification of CRF by Age Groups as Determined by
Duration of Treadmill Exercise Test and Oxygen Uptake in METs
Among the Aerobics Center Longitudinal Study Population

Age (y) CRF category Duration (min) METs
20-39 Low <10.3 <8.2
Moderate 10.3-15.0 8.2-104
High >15.0 >104
40-49 Low <8.9 <7.6
Moderate 8.9-13.0 7.6-9.4
High >13.0 >9.4
50-59 Low <7.0 <6.7
Moderate 7.0-10.7 6.7-8.5
High >10.7 >8.5
260 Low <5.5 <5.8
Moderate 5.5-9.0 5.8-7.6
High >9.0 >7.6

CRF = cardiorespiratory fitness; MET = metabolic equivalent.
Adapted from Am J Epidemiol,? with permission.

previous study has concurrently evaluated the association
between CRF, overweight or obesity status as reflected by
BMI, and death among women with IFG. Therefore, the
primary aim of this study was to evaluate the association
between CRF and risk of all-cause mortality among women
with IFG or undiagnosed DM.

PATIENTS AND METHODS

The Aerobics Center Longitudinal Study (ACLS) is a
prospective epidemiological investigation of patients who
underwent an extensive clinical examination. We reviewed
the records of 3044 female patients aged 20 to 79 years
(mean, 47.4 years) who had IFG or undiagnosed DM and
had completed a preventive medical evaluation for deter-
mination of baseline values between January 26, 1971, and
March 21, 2001. Impaired fasting glucose was defined as a
fasting glucose concentration of 100 mg/dL to 125.9 mg/
dL," and undiagnosed DM was defined as a fasting glucose
concentration of 126 mg/dL or higher among patients with
no history of DM and no current therapy with hypoglyce-
mic medication. At baseline, no patients had experienced
CVD (myocardial infarction or stroke), and all were able to
complete an exercise stress test to at least 85% of their age-
predicted maximal heart rate. Details of the study design
and the characteristics of the cohort have been reported
previously.5>1 Most patients were white, well-educated,
and from the middle or upper socioeconomic strata. The
Institutional Review Board of the Cooper Institute reviewed
and approved the study protocol annually.

CuinicaL EXAMINATION

After giving written informed consent, patients underwent a
baseline clinical examination that included analyses of fast-
ing blood chemistry, elicitation of personal and family health
history, anthropometry, determination of resting blood

pressure, and a maximal graded exercise test. Technicians
administered all procedures according to a standard manual
of operations. Height was measured with a stadiometer, and
weight was measured with a standard physician’s scale.
Body mass index was calculated as weight in kilograms
divided by height in meters squared (kg/m?). Patients who
were underweight (BMI <18.5 kg/m?) were excluded from
the study. Patients were placed into BMI groups according
to standard clinical definitions: normal weight, less than
25.0 kg/m?; overweight, 25.0 to 29.9 kg/m?; and obese, 30.0
kg/m? or more. Resting blood pressure was determined by
auscultation and was recorded as the first and fifth Korotkoff
sounds.” Patients were considered to have hypertension if
they had a history of this diagnosis by a physician or if they
had a resting systolic pressure of 140 mm Hg or higher or
a diastolic pressure of 90 mm Hg or higher. Standardized
automated bioassays were used to determine serum concen-
trations of lipids and glucose. Hypercholesterolemia was
defined as a total cholesterol concentration of 240 mg/dL (to
convert to mmol/L, multiply by 0.0259) or higher. Informa-
tion about smoking habits (current smoker or not), alcohol
intake (number of drinks per week), and family history of
DM was obtained with a standardized questionnaire.

Cardiorespiratory fitness was defined as low, moderate,
or high according to previously published age-specific
distributions of maximal exercise duration from the ACLS
population®?* (Table 1). These categories are determined
by the time (in minutes) on a treadmill exercise test and by
oxygen uptake (in metabolic equivalents [METs]). The test
of symptom-limited maximal treadmill exercise was per-
formed according to a modified Balke protocol.?** Patients
began walking at a speed of 88 m/min without elevation.
After the first minute, the elevation was increased to 2%;
thereafter, the elevation was increased by 1% per minute
until the 25th minute. After 25 minutes, the elevation did
not change but the speed was increased by 5.4 m/min each
minute until the test end point. Patients were encouraged
to give maximal effort. The test end point was volitional
exhaustion or termination by the physician for medical
reasons. Exercise duration on this protocol is strongly posi-
tively correlated (7=0.94) with measured maximal oxygen
uptake.? One MET is equal to an uptake of 3.5 mL of oxy-
gen per kilogram of body weight per minute, as calculated
from the final treadmill speed and grade.”

A Framingham risk score was computed for each patient
by using the sex-specific algorithm for total cholesterol
concentration.” Risk points were assigned to risk factor
categories and were then summed. The point total was used
to assign 10-year probabilities of primary CVD events; the
probabilities were lower than 10% for the low-risk group,
10% to 19% for the intermediate-risk group, and 20% or
higher for the high-risk group.”’
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CRF AND MORTALITY RISK IN WOMEN WITH IMPAIRED GLUCOSE METABOLISM

MORTALITY SURVEILLANCE

Patients were followed up from the date of their baseline
examination to the date of their death or, for survivors, until
December 31, 2003. Vital status was ascertained primarily
by using the National Death Index. When this method is
used, more than 95% of mortality follow-up is complete.
The underlying cause of death was coded according to the
International Classification of Diseases, Ninth Revision
(CVD, 390-449.9) before 1999 and according to the Tenth
Revision (CVD, 100-178) from 1999 to 2003. We restricted
the analyses to women who had been followed up for least
1 year so that we could eliminate any possibility of in-
creased risk due to undetected disease at baseline.

STATISTICAL ANALYSES

Descriptive statistics were used to summarize baseline
characteristics on the basis of vital status. Cox propor-
tional hazards regression analysis was used to estimate
rates (per 10,000 woman-years), hazard ratios (HRs), and
95% confidence intervals (Cls) for all-cause mortality ac-
cording to exposure categories. Unless otherwise noted,
all multivariable models included baseline age (years),
examination year, current smoker (yes/no), alcohol in-
take (25 drinks per week or not), hypertension (yes/no),
hypercholesterolemia (yes/no), and family history of DM
(present or not). Tests of linear trends across exposure cat-
egories were computed by using ordinal scoring. To assess
the shape of the CRF-mortality curve or the BMI-mortality
curve, we examined the risk of overall death across incre-
ments of METs or BMI. The proportional hazards assump-
tion was examined by comparing the cumulative hazard
plots grouped on exposure; no appreciable violations were
noted. All statistical analyses were performed with SAS
software (version 9.1; SAS Institute, Cary, NC). P values
are 2-sided; statistical significance was assigned at the
level of P<.05.

RESULTS

During a mean follow-up period of 15.6 years, 171 deaths
(48 due to CVD) occurred. On the basis of the Framingham
risk scores, more than 90% of women in the study were
members of the low-risk group. Of the entire group of wom-
en, 66.4% were of normal weight, 22.2% were overweight,
and 11.4% were obese. Compared with survivors, decedents
tended to be older, had a lower level of CRF, and were more
likely to be current smokers or to have hypertension or
hypercholesterolemia (Table 2). Univariate Cox regression
analyses showed that both CRF and BMI were associated
with a higher risk of mortality (Table 2). The risk of dying
was more than 10 times higher for women aged 60 years or
older than for women aged 20 to 39 years (Table 2).

Table 3 shows the independent association between
CRF, BMI, and all-cause mortality. The all-cause death rate
(adjusted for age and examination year) per 10,000 woman-
years was 52.0% for women in the low CRF group, 33.3%
for those in the moderate CRF group, and 31.0% for those in
the high CRF group (P__=.01). After the analyses were ad-
Jjusted for covariables (age, examination year, current smok-
ing, alcohol intake, hypertension, hypercholesterolemia, and
family history of DM), the risk of death was 35% lower for
the moderate CRF group and 36% lower for the high CRF
group than for the low CRF group (P, =.03). The inverse
association was slightly attenuated but remained statistically
significant after additional adjustments for BMI (P, _=.03).
The multivariable-adjusted HR (adjusted for age, examina-
tion year, current smoking, alcohol intake, hypertension,
hypercholesterolemia, and family history of DM) for all-
cause mortality was 1.00 for women with a BMI lower than
25.0 kg/m?, 0.91 for women with a BMI of 25.0 to 29.9 kg/
m?, and 1.32 for women with a BMI of 30.0 kg/m? or higher
(P, =51, respectively. After an additional adjustment for
baseline treadmill test duration, the association between
BMI and mortality risk remained nonsignificant (P__=.84).

To further examine the dose-response characteristics
of the association among CRE, BMI, and risk of all-cause
mortality, we computed the age-adjusted death rates (per
10,000 woman-years) for CRF categories defined by
1-MET increments (Figure, left) and for BMI categories
(2.5 units; Figure, right). An exercise capacity lower than
7 METs was associated with a 1.5-fold higher death risk
than an exercise capacity of 9 METs or higher (P =.05).
The HR across the incremental METs group is 1.00; the
HRs (95% ClIs) for the categories of exercise capacities
are as follows: 0.78 (95% CI, 0.51-1.20) for the group with
an exercise capacity of 7.0 to 7.9 METs, 0.72 (95% CI,
0.49-1.08) for the group with an exercise capacity of 8.0 to
8.9 METs, and 0.67 (95% CI, 0.43-1.03) for the group with
an exercise capacity of 9.0 METs or higher. No association
trend was observed between BMI and death (P =.24).

Finally, we examined the combined effect of CRF and
BMI (Table 4) and found statistical evidence of an interac-
tion between CRF and BMI in predicting all-cause mortali-
ty (x?=23.86; P<.001). The death rates among unfit women
with higher BMI (225 kg/m?) were more than twice those
among fit women with higher BMI. When fit women with
normal BMI were used as the comparator group, the high-
est mortality risk was found for unfit women with higher
BMI (HR, 2.26; 95% CI, 1.27-4.03).

DISCUSSION

We addressed the single and joint associations among CRE,
BMI, and the risk of mortality among women with IFG
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TABLE 2. Characteristics of 3044 Study Patients at Baseline According to Their Survival Status:
ACLS, 1971-2003>P

Study
patients at Survivors Decedents Crude hazard ratio
Characteristic baseline (n=2873) (n=171) 95% CD° P value!

Age (y) 47.4+10.1 47.0£10.0 53.7+9.7 1.09 (1.08-1.11) <.001

20-39 693 (22.8) 678 (23.6) 15(8.8) 1.00 (referent)

40-49 1029 (33.8)  996.(34.7) 33(19.3) 1.98 (1.08-3.65)

50-59 971 (31.9) 896 (31.2) 75 (43.9) 5.45(3.13-9.49)

260 : 351 (11.5) 303 (10.5) 48 (28.1) 13.20 (7.36-23.68)
Maximal METs 9.1£2.1 9.1+2.1 7.8+2.0 0.79 (0.72-0.86) <.001
Body mass index (kg/m?) 24.4+4.6 24.4+4.6 24.5+4.6 1.05 (1.02-1.08) .002
Waist girth (cm) 71.6x21.8 71.6+21.8 70.7+21.2 1.01 (0.99-1.02) .38
Lipid levels (mg/dL)

Total cholesterol 210.3+40.5  209.4+40.1 224.7x442 1.01 (1.00-1.01) <.001

HDL-C 61.5+15.8 61.6+15.8 60.7£17.1 1.00 (0.99-1.02) 58

Triglycerides 107.8+£78.1  106.9+77.5 122.8+86.3 1.001 (1.000-1.002) .005
Fasting blood glucose (mg/dL)  106.6+11.0  106.3+9.9 110.6+22.8 1.01 (1.01-1.02) <.001
Blood pressure (mm Hg)

Systolic 117+16 11715 125+19 1.03 (1.02-1.04) <.001

Diastolic 78+10 78x10 7911 1.02 (1.00-1.03) .04
Current smoker 272 (8.9) 234 (8.1) 38(22.2) 2.15 (1.50-3.09) <.001
25 Alcohol drinks per week 530 (17.4) 521 (18.1) 9(5.3) 0.84 (0.43-1.67) .63
Hypertension 739 (24.3) 679 (23.6) 60 (35.1) 1.81 (1.32-2.48) .0002
Hypercholesterolemia 646 (21.2) 588 (20.5) 58 (33.9) 1.86 (1.36-2.56) .0001
Family history of diabetes 298 (9.8) 296 (10.3) 2(1.2) 0.46 (0.11-1.88) 28
Framingham risk score

(10-y CVD risk) (%)° 3.8+3.9 3.5+3.6 8.1£6.7

<10 2777 (91.2) 2667 (92.8) 110 (64.3)

10-19 229 (7.5) 182 (6.3) 47 (27.5)

220 38(1.2) 24 (0.8) 14 (8.2)

2 Categorical data are presented as number (percentage) of patients and continuous data as mean = SD. ACLS = Aerobics
Center Longitudinal Study; CI = confidence interval; CVD = cardiovascular disease; HDL-C = high-density lipoprotein
cholesterol; MET = metabolic equivalent.

® SI conversion factors: To convert total cholesterol and HDL-C values to mmol/L, multiply by 0.0259; to convert triglyc-
eride values to mmol/L,, multiply by 0.0113; to convert fasting blood glucose levels to mmol/L, multiply by 0.0555.

© Hazard ratios for continuous variables reflect an increase of 1 unit in magnitude.

4 For univariate Cox regression analysis.

¢ Framingham risk was computed by using the sex-specific algorithm for total cholesterol.s

and undiagnosed DM. Low CRF was associated with a sig-
nificantly higher risk of all-cause mortality, and this inverse
association remained significant after the analyses were ad-
justed for age, year of examination, smoking status, alcohol
intake, prevalence of hypertension, hypercholesterolemia,
family history of DM, and BMI at baseline. No associa-
tion was observed between being overweight or obese and
overall deaths. The protective effect of CRF held true for
overweight or obese women, whereas the death rate among
unfit women with higher BMI (225 kg/m?) was more than
twice that among fit women with higher BMIL.

We have found no previous reports of an association
between CRF and risk of all-cause mortality among women
with IFG or undiagnosed DM. Most of the few published
studies focused on patients with abnormal glucose metabo-
lism or on men only or a combination of women and men.
Wei et al® examined this association among 1263 middle-
aged men and found that the adjusted risk of all-cause mor-
tality among men in the low CRF group was 2.1-fold higher
(95% (I, 1.5- to 2.9-fold) than that of physically active men

Mayo Clin Proc.

September 2009,84(9):780-786  +

and that the adjusted risk of all-cause mortality among men
classifying themselves as physically inactive was 1.7-fold
higher (95% CI, 1.2-fold to 2.3-fold) than that among men
who were physically active. They also found that both low
CRF and physical inactivity were independent predictors of
all-cause mortality among men with DM. A study by Church
et al’ involving 2196 middle-aged men with DM found that
the mortality risk was 4.5 (95% CI, 2.6-7.6), 2.8 (95% CI,
1.6-4.7), and 1.6 (95% CI, 0.93-2.76) across the first 3 fitness
quartiles; the fourth quartile served as the reference group
(P for trend <.0001). This steep inverse association between
CREF and all-cause mortality was found to be independent of
BMI.? Kavanagh et al®*? also found an inverse association
between CRF and risk of all-cause mortality among men
who either had undergone a heart transplant or were candi-
dates for cardiovascular rehabilitation. Most studies focus-
ing on the association between CRF and mortality have
focused on sedentary but apparently healthy persons.’? Our
results provide evidence that supports the formal assess-
ment of CRF among women with IFG and the use of this
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TABLE 3. Rates and HRs (95% Cls) for All-Cause Mortality According to Baseline Cardiorespiratory Fitness and BMI®

Cardiorespiratory fitness BMI (kg/m?)
P for P for
Variable Low Moderate High trend” <25.0 25.0-29.9 230.0 trend”
No. of patients 517 1041 1486 2021 677 346
Deaths 54 62 55 120 32 19
Woman-years of observation 9668 17,687 19,987 33,872 8991 4484
All-cause mortality rate® 52.0 333 31.0 .01 36.3 29.8 474 51
HR (95% CI) for all-cause mortality
Adjusted for age and 1.0 0.64 0.60 .01 1.0 0.92 1.30 51
examination year (referent)  (0.44-0.92)  (0.40-0.88) (referent)  (0.62-1.37)  (0.80-2.12)
Adjusted for multiple variables® 1.0 0.65 0.64 03 1.0 091 1.32 .51
(referent)  (0.45-0.94)  (0.43-0.95) (referent)  (0.61-1.36)  (0.80-2.18)
Adjusted for multiple variables, 1.0 0.63 0.61 .03
including BMI® (referent)  (0.43-0.92) (0.39-0.93)
Adjusted for multiple variables, 1.0 0.86 1.19 .84
including continuous treadmill (referent) (0.57-1.30) (0.70-2.03)

test duration®

2 BMI = body mass index; CI = confidence interval; HR = hazard ratio.
b This is the P value for overall comparison across 3 groups.

° Rate is expressed per 10,000 woman-years and adjusted for baseline age and examination year.

4 Adjusted for age, examination year, current smoking, alcohol intake, hypertension, hypercholesterolemia, and family history of diabetes.

¢ Adjusted for age, examination year, current smoking, alcohol intake, hypertension, hypercholesterolemia, family history of diabetes, and BMIL
fAdjusted for age, examination year, current smoking, alcohol intake, hypertension, hypercholesterolemia, family history of diabetes, and treadmill test

duration.

information in physical activity counseling aimed at reduc-
ing the risk of premature death.

Although it is well recognized that IFG is a risk factor
for the development of DM, Barr et al! demonstrated that
IFG is an independent risk factor for increased mortality,
not simply an antecedent of DM. These findings suggest
that strategies aimed at preventing premature mortality
should focus on persons at earlier stages of metabolic dys-
function, such as IFG, and not only on those with frank
DM. Thompson et al* found that young, urban Native
American women with lower CRF levels were at a higher
risk of IFG, but not of metabolic syndrome, when the

statistical analyses were adjusted for BMI. This finding
further supports the suggestion by Barr et al' that IFG is an
important risk factor for premature mortality. The findings
of these 2 studies also further support our recommendation
that the CRF of women with IFG be assessed by formal
treadmill testing for a determination of which groups are at
higher risk of mortality. These women should be counseled
to intensify their physical activity as a part of primary pre-
vention efforts.

Obesity is an independent risk factor for mortality
among women,*!” but little is known about the mortality
risk of women with IFG and DM. The current study found
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TABLE 4. All-Cause Mortality Rates and Hazard Ratios by BMI
and Cardiorespiratory Fitness Categories®

Normal weight Overweight
(BMI <25.0 kg/m?) (BMI 225.0 kg/m?)
Variable Fit Fit Unfit

No. of women, total 1817 710 313
Deaths 97 20 31
All-cause mortality rate (%)® 342 24.6 54.6
Hazard ratio (95% CI)

Adjusted for age 1.00  1.43(0.90-2.26) 0.72(0.44-1.17)  1.60 (1.06-2.40)

Adjusted for multiple

variables® 1.00 1.41(0.87-2.31)  1.85(0.99-345) 2.26(1.27-4.03)

2 BMI = body mass index; CI = confidence interval.
® Per 10,000 woman-years with adjustment for age.

¢ Adjusted for age, examination year, current smoking, alcohol intake, hypertension, hypercholester-

olemia, and family history of diabetes.

no association between obesity and mortality, a finding
that agrees with the observations of Johnson et al.*! Some
studies have also found an inverse association between
BMI and mortality, a finding termed the obesity para-
dox.*** The mechanism responsible for this paradox is
currently unclear, but the finding is more common among
patients with CVD.*% This paradox may be explained by
nonpurposeful weight loss before study participation or
by dyspnea due to deconditioning (caused by factors other
than CVD) among obese patients.*

Another explanation for the paradox may be the limita-
tions associated with using BMI to define at-risk obesity.
However, Lavie et al found that a higher percentage of
body fat predicts a better prognosis for patients with heart
failure®® and coronary heart disease.* Further research
is warranted in this area, but these findings are in direct
contrast to those of most other studies, which have found
either a J-shaped or a U-shaped association between BMI
and mortality risk.'*!7 In the current study, low fitness was
associated with a higher risk of mortality in 51% of obese
patients, 20% of overweight patients, and 10% of patients
of normal weight; these rates were higher than those of
women with all other combinations of CRF and BMI (Ta-
ble 4). This association between low fitness and higher risk
of mortality was also found when the overweight and obese
groups were combined. Higher fitness was associated with
a lower risk of overall mortality for overweight or obese
women but not for normal-weight women, although there
was a nonsignificant trend in this direction.

Although CRF has a genetic component (25%-40%
of cases),2*36 the primary determinant of fitness is the
physical activity routine. Recently, Church et at*’ reported
that women with activity levels as low as 4 kcal/kg/wk
(approximately 72 min/wk of moderate-intensity walking)
experienced significant improvements in CRF when they
were compared with women in a control group who did
not exercise. Engaging in activities such as brisk walking,

bicycling, or jogging for 30 minutes or more on most days
of the week® would move most of these women out of the
low fitness category.

This study has several strengths, including the extensive
baseline examination aimed at detecting subclinical dis-
ease, the use of measured risk factors, the relatively long
follow-up period (average, 15 years), and the broad age
range of the study population (20-79 years).

One limitation of this study is homogeneity of the patient
population: patients were predominantly white, well-edu-
cated, middle- to upper-class, and female. This homogene-
ity limits our ability to generalize our findings to a broader
population but should not affect the internal validity of the
study. There is no strong reason to assume that CRF assess-
ment would have fewer benefits for men or other ethnic
groups. Our previous studies, in which the number of deaths
that occurred was sufficient to allow parallel analyses of
women and men, showed that the inverse gradient of mortal-
ity across CRF groups is similar for men and women.*3*% In

.terms of exposure assessment, we classified women accord-

ing to CRF at the time of study enrollment, but in the current
analysis we were unable to evaluate the effect on outcome of
changes in fitness or BMI over time. During the follow-up
interval, many women in the low fitness category may have
increased their fitness levels, and many obese women may
have decreased their BMI. Therefore, we cannot determine
whether changes in fitness, obesity status, or both occurred
during follow-up or if there were any other exposures. How-
ever, such misclassification of exposure would probably lead
to an underestimation of the magnitude of the associations
observed in the current study.

CONCLUSION

Cardiorespiratory fitness, but not BMI, is a significant
predictor of all-cause mortality among women with IFG
or undiagnosed DM, independently of traditional risk fac-
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tors. Determining CRF levels with exercise stress testing,
which has already been shown to be an effective tool for
risk stratification of men with diabetes, may also be an ef-
fective tool for risk stratification of women with IFG. We
encourage health care professionals to consider the poten-
tial preventive and diagnostic value of assessing CRF levels
in this high-risk group of women.

We thank the Cooper Clinic physicians and technicians for col-
lecting the baseline data, and we thank the staff at the Cooper
Institute for data entry and data management.
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