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Abstract

Background: Guidelines for identification of obesity-related risk stratify disease risk
using specific combinations of body mass index and waist circumference. Whether the
addition of cardiorespiratory fitness, an independent predictor of disease risk, provides
better risk prediction of all-cause mortality within current body mass index and waist

circumference categories is unknown.

Objective: To determine whether the addition of cardiorespiratory fithess improves
prediction of all-cause mortality risk classified by the combination of body mass index

and waist circumference.

Methods: We performed a prospective observational study using data from the
Aerobics Center Longitudinal Study (ACLS). A total of 31,267 men (mean age 43.9 [SD,
9.4] years) who completed a baseline medical examination during 1974-2002. The
main outcome measure was all-cause mortality. Participants were grouped using body
mass index- and waist circumference-specific threshold combinations: Normal body
mass index: 18.5-24.9 kg/m?, waist circumference threshold of 90 cm; overweight body
mass index: 25.0-29.9 kg/m?, waist circumference threshold of 100 cm, and obese body
mass index: 30.0-34.9 kg/m?, waist circumference threshold of 110 cm. Participants
were classified using cardiorespiratory fitness as unfit or fit, where unfit was the lowest
fifth of the age-specified distribution of maximal exercise test time on treadmill among

the entire ACLS population.

Results: 1,399 deaths occurred over a follow-up of 14.1 + 7.4 years, for a total of 439,
991 person-years of observation. Males who were unfit and normal body mass index

with waist circumference <90 cm and =290 cm had 95% (1.95, 1.34-2.83) [Hazard ratio,
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95% confidence interval] and 163% (2.63, 1.58-4.40) higher mortality risk than males
who were fit, respectively (p<.05). Males who were unfit and overweight had 41% (1.41,
1.04-1.90) higher mortality risk with a waist circumference <100 cm (p<.05), but were at
no greater risk (1.30, 0.92-1.84) if their waist circumference was 2100 cm (p=.14).
Males who were unfit and obese were not at increased mortality risk (1.37, 0.90-2.09)
with a waist circumference <110 cm (p=.14), but were at 111% (2.11, 1.31-3.42)

increased risk with a waist circumference 2110 cm (p<.05).

Conclusions: For most of the body mass index and waist circumference categories,
inclusion of cardiorespiratory fitness allowed for improved identification of males at

increased mortality risk.



Introduction
Health organizations worldwide recommend that body mass index and waist

circumference be combined to estimate obesity related health risk [1], as these
measures have independent associations with all-cause mortality [2], and the addition of
waist circumference to body mass index has been shown to improve evaluation of

cardiometabolic risk [3], cardiovascular disease, and diabetes [4].

At present, a single 102 cm waist circumference threshold is recommended for
the identification of adult Caucasian males at elevated health risk within each body
mass index category [1]. The 102 cm threshold was originally intended as a
replacement of body mass index measurement to identify white male adults with a body
mass index of 230.0 kg/m? [5]. Use of the 102 cm threshold classifies very few
individuals with normal and overweight body mass index, and almost all individuals who
are obese with high waist circumference based on this cut-point [6]. In response, Ardern
and colleagues proposed the use of waist circumference values specific to each body
mass index category to identify coronary heart disease mortality risk that were

developed and cross-validated using large representative samples [7].

Currently obesity risk classification models do not include cardiorespiratory
fitness, a strong predictor of morbidity and mortality [8, 9] independent of body mass
index and waist circumference [10-12]. Cardiorespiratory fitness protects against all-
cause mortality even when body mass index, waist circumference, and percent body fat
are elevated [13]. In that study the authors were unable to determine the effect of
cardiorespiratory fitness across specific combinations of body mass index and waist
circumference due to sample size limitations. Therefore, whether the addition of

cardiorespiratory fitness improves prediction of mortality risk within a combined body
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mass index and waist circumference model has potentially important implications for
obesity risk management. Should cardiorespiratory fitness improve risk prediction,
practitioners would have a behavioural measure which, when used in combination with
body mass index and waist circumference, may be used to improve the management of

obesity-related health risk.

We classified a large cohort of males enrolled in the Aerobics Center
Longitudinal Study (ACLS) according to body mass index - and waist circumference -
specific thresholds, and examined whether the addition of cardiorespiratory fitness

improved the prediction of all-cause mortality.

Methods

Study Population
The ACLS is a prospective longitudinal study established in the 1970s to

examine associations between health behaviours, risk factors for chronic disease, and
morbidity and mortality [8]. The ACLS consists of patients attending the Cooper Clinic in
Dallas, Texas for preventive medical examinations. The ACLS cohort consists of
predominantly white, well-educated, United States residents from all 50 states, and from
middle to upper socioeconomic stratum. Participants were aware of the purpose of the
study, and provided written consent. The ACLS protocol is reviewed annually by the

Cooper Institute’s institutional review board.

All males with body mass index measurements between 18.5-34.9 kg/m? and a
complete set of baseline data were included for the current analysis. Males with a body
mass index 235.0 kg/m? and all females were excluded due to few events within some

groups for all-cause mortality. Participants were excluded based on presence of



cardiovascular disease or cancer at baseline, or an abnormal exercise test
electrocardiogram [14]. Participants with less than one year of follow-up, or who failed to
achieve 85% of age-predicted exercise test maximal heart rate were excluded [8]. Using
these criteria, 31 267 males having completed baseline medical examinations at the

Cooper Clinic between 1974 and 2002 were included in the analysis.

Data Collection

After providing written consent, patients underwent a preventive medical
examination, fasted blood chemistry analysis, personal and family health history
assessment, anthropometry, resting blood pressure, electrocardiography measurement,
and a maximal treadmill exercise test. Cigarette smoking (current smoker or not),
alcohol intake (heavy drinking defined as >14 alcoholic drinks per week), and physical
inactivity (defined as no reported physical activity during the previous 3 months) were
determined by self-report. Parental history of cardiovascular disease was determined

from family health history.

Mortality Surveillance
Mortality follow-up occurred from the date of baseline examination until the date

of death, or December 31, 2003 for survivors. The National Death Index and state death
certificates were used to determine survival status. Deaths were classified using the
International Classification of Diseases, Ninth Revision for deaths occurring before
1999, and the International Statistical Classification of Diseases, 10" edition, for deaths

occurring from 1999 to 2003.

Measurement and Classification of body mass index, waist circumference and

cardiorespiratory fitness



Body mass index was calculated (weight (kg)/height (m)?) and participants were
classified according to standard body mass index categories for normal (body mass
index 18.5 to <25.0 kg/m?), overweight (body mass index 25.0 to <30.0 kg/m?), and

obesity (body mass index 30.0 to <35.0 kg/m?).

Waist circumference was measured at the level of the umbilicus. Participants
were classified as abdominally obese according to body mass index-specific thresholds
derived by Ardern et al [7]. Thresholds for males are: normal body mass index (18.5-
24.9), waist circumference threshold of 290 cm; overweight body mass index (25.0-
29.9), waist circumference threshold of 2100 cm; and obese body mass index (30.0-
34.9) waist circumference threshold of 2110 cm. For the analysis involving waist

circumference alone, a waist circumference threshold of 96 cm was used [7].

Cardiorespiratory fitness was determined using a modified Balke maximal
treadmill exercise test [8, 15]. Treadmill speed was initially set at 88 m/min. Treadmill
grade was initially set at 0% for the first minute, 2% for the second minute, and was
increased by 1% each minute thereafter. The treadmill test continued until the patient

reached volitional fatigue.

Maximal time on treadmill has been found to correlate highly with measured
maximal oxygen uptake in males [16]. Metabolic equivalent (MET) levels were
determined from end of test treadmill speed and grade to allow for comparison between
patients. Patients were classified as fit or unfit based on the upper 80% (fit) and lower
20% (unfit) of the age-standardized cardiorespiratory fithess ACLS time on treadmill for
the entire ACLS population. While a consensus definition for low cardiorespiratory

fitness is lacking, previous ACLS reports using this method have demonstrated that low



cardiorespiratory fitness by this definition independently predicts risk of morbidity and

mortality [8, 11, 12].

Rationale for the use of body mass index-specific thresholds
The 94 and 102 cm thresholds proposed by Han and colleagues were originally

designed to identify males with a body mass index of 225.0 kg/m? and =30.0 kg/m?
respectively, providing action levels for obesity treatment [5]. However, this results in
very few individuals with a normal body mass index with a waist circumference over the
102 cm threshold, and few individuals who are obese with a waist circumference under
the 102 cm threshold [6]. Indeed, in our cohort, only 15 males were classified as having
a normal body mass index when waist circumference was greater than 102 cm (data not
shown). The Ardern waist circumference thresholds within each body mass index
category were designed to maximize sensitivity and specificity for Framingham coronary
heart disease risk, optimally identifying individuals at high risk of future coronary heart

disease events.

Statistical Analysis
Group differences in baseline characteristics were compared using t-tests and

analysis of variance for continuous, and X tests for categorical variables. Tukey’s
studentized range test was used post hoc to determine group differences in baseline
characteristics between unfit and fit males within each body mass index and waist
circumference group. Cox proportional hazards models were used to estimate hazard
ratios and 95% confidence intervals of all-cause mortality risk for males who were unfit
compared with the fit reference group within each of the combined body mass index and
waist circumference groups. Each model was adjusted for age, year of baseline

examination, and the following behaviours and conditions: smoking, alcohol intake,
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physical inactivity, diabetes, hypertension, hypercholesterolemia, and parental history of
cardiovascular disease. Models were checked to ensure that they did not violate the

proportional hazards assumption. Statistical significance was set at p < 0.05.

Results
A total of 1,399 deaths occurred in 31,267 males followed for an average of 14.1

+ 7.4 years with a range of 1.0 to 29.3 years, for a total of 439, 991 person-years of
observation. Baseline characteristics for participants according to survival status are
presented in Table 1. Mean age at baseline was 43.9 £ 9.4 years. Decedents were
older, had greater waist circumference, lower cardiorespiratory fithess, and higher blood
pressure, blood cholesterol, and blood glucose than survivors (p<0.05). Survivors had
greater cardiorespiratory fitness and time on treadmill than decedents (p<0.05).
Decedents were more likely to smoke, be physically inactive, and to have diabetes,
hypertension, or parental history of cardiovascular disease (p<0.05). Survivors were

more likely to consume alcohol in excess of 14 alcoholic drinks per week (p<0.05).

Baseline characteristics according to cardiorespiratory fitness within each body
mass index and waist circumference group are presented in Table 2. Unfit participants
within each body mass index and waist circumference group were generally younger,
with higher body mass index and waist circumference, but had lower cardiorespiratory
fithess and time on treadmill (p<0.05). Unfit individuals were more likely to be smokers,
physically inactive, and to have diabetes, hypercholesterolemia, or hypertension (p

<0.05).

For most body mass index and waist circumference groups, being unfit was

associated with a higher risk of all-cause mortality after adjusting for covariates (Table



3). For males with normal body mass index, being unfit was associated with a 95%
higher risk (1.95, 1.34-2.83) [Hazard ratio, 95% confidence interval] of all-cause
mortality (p<0.05) for males with a waist circumference <90 cm, and a 163% higher risk
(2.63, 1.58-4.40) of all-cause mortality (p<.05) for males with a waist circumference =90
cm. For overweight males, being unfit was associated with a 41% higher risk (1.41,
1.04-1.90) of all-cause mortality for males with a waist circumference <100 cm (p<0.05),
while there was no significant increase in risk (1.30, 0.92-1.84) for males who were unfit
and overweight with a waist circumference 2100 cm (p=0.14). Males who were unfit and
obese were not at higher risk of all-cause mortality (1.37, 0.90-2.09) with a waist
circumference <110 cm (p=.14), but were at 111% higher risk (2.11, 1.31-3.42) with a

waist circumference 2110 cm (p<.05).

When grouped by body mass index or waist circumference alone, unfit males
were at significantly greater mortality risk compared to fit males within each group
(Table 4). When considering body mass index alone, unfit males were at 110%, 41%,
and 65% greater risk of all-cause mortality compared with fit males if they had normal,
overweight, or obese body mass index, respectively. When grouped according to waist
circumference alone, unfit males were at 53% and 79% greater risk of all-cause
mortality if they had waist circumference <96.0 cm or waist circumference 296.0 cm,

respectively.

Discussion
Current obesity risk management guidelines do not recommend that

cardiorespiratory fitness be measured along with body mass index and waist

circumference [1]. Our primary observation is that for most combinations of body mass
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index and waist circumference, males who were unfit were at significantly higher risk of
all-cause mortality than males who were fit. These data suggest that the inclusion of
cardiorespiratory fitness within current body mass index and waist circumference
models will improve the ability of practitioners to identify males at higher mortality risk

and thus, improve patient management.

That individuals who are unfit are at elevated mortality risk after grouping
according to body mass index and waist circumference is consistent with a previous
report demonstrating the protective effect of cardiorespiratory fitness on all-cause
mortality risk when body mass index, waist circumference and/or percent body fat is
elevated [13]. Our current findings extend these previous observations, as we have
demonstrated the ability of cardiorespiratory fitness to determine mortality risk across a
range of combined body mass index and waist circumference groups that are used to

characterize obesity-related risk in clinical practise.

Contrary to our expectation, males who were unfit and overweight with waist
circumference 2100 cm and those who were unfit and obese with waist circumference
<110 cm were not at higher mortality risk compared with males who were fit within the
same body mass index and waist circumference group. This does not appear to be a
result of group differences in cardiometabolic risk factors, anthropometric measures, or
exercise test results (Table 2). In fact, the trend for all obesity phenotypes appears to
be toward a protective role of cardiorespiratory fitness (Table 3). In agreement with
previous reports [10-12], all males grouped as unfit were at increased risk of mortality
when cardiorespiratory fitness was added to body mass index or waist circumference

alone.
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Possible explanations for the protective role of cardiorespiratory fitness for a
given obesity phenotype include lower levels of visceral or ectopic fat, and/or lower
values of cardiometabolic risk factors [17]. Visceral (intra-abdominal) fat and ectopic fat
depots, such as hepatic fat are established correlates of cardiometabolic health and
morbidity [18, 19]. Cross-sectional analyses show that for a given body mass index,
males who are fit have lower levels of visceral fat and lower cardiometabolic risk factor
values than males who are unfit [20, 21]. Individuals who are fit have been shown to
have lower total and abdominal fat for a given body mass index or waist circumference
[22]. Furthermore, for a given waist circumference or amount of visceral fat,
cardiorespiratory fitness is associated with lower values of cardiometabolic risk factors
[23]. Finally, it has been demonstrated that physical activity interventions which improve
cardiorespiratory fitness are associated with a reduction in both visceral fat and

cardiometabolic risk factors, independent of change in weight [24].

Our findings have implications regarding effective obesity management. Obesity
management guidelines that focus on reductions in body mass index and waist
circumference alone require weight loss to determine treatment efficacy [25]. Inclusion
of cardiorespiratory fitness in addition to body mass index and waist circumference to
determine treatment success provides opportunities to counsel patients regarding risk
reduction consequent to improvements in cardiorespiratory fithess regardless of change
in body mass index or waist circumference. Accordingly the patient is encouraged to
sustain healthy behaviours rather than discontinue them because s/he failed to achieve
weight loss. Furthermore, evidence from numerous epidemiologic studies
demonstrates that the major reduction in all-cause and cardiovascular disease mortality
occurs when adults move from the least fit group (cardiorespiratory fithess <5 METS) to

12



the next-least fit group. Relatively less is gained by increasing fitness between
moderately fit and highly fit individuals. This has implications for physical activity
counselling, given that considerable benefits are likely to occur by encouraging the most
sedentary or low-fit individuals to engage in modest levels of activity. Indeed,
approximately 150 minutes of weekly physical activity consistent with consensus
recommendations is associated with substantial increases in cardiorespiratory fitness
for most adults [26] in as little as 4 weeks [27]. While direct measurement of
cardiorespiratory fithess may not be feasible in many clinical settings, non-exercise
algorithms have been developed to estimate cardiorespiratory fithess using routinely
collected clinical measures, and are associated with all-cause and coronary heart

disease mortality [28, 29].

Strengths of the current study include a large, well-characterized cohort [8, 12,
14, 30, 31], with considerable follow-up, providing a large number of mortality events for
analysis, as well as objectively measured cardiorespiratory fitness, body mass index,
and waist circumference. The use of novel body mass index-specific waist
circumference thresholds [7] permitted analysis of groups stratified according to body
mass index, waist circumference, and cardiorespiratory fitness in combination. We
controlled for confounding factors including age, year of baseline examination, smoking,
and physical activity. The exclusion of individuals with pre-existing cardiovascular
disease or cancer, with less than one year of follow-up, and those who failed to reach
85% of maximal predicted exercise test heart rate decreased the likelihood of other

factors influencing the observed relationships [8, 14].
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Limitations of the ACLS cohort are well described [8]. The cohort is
predominantly white, well-educated, and from middle to upper socioeconomic stratum.
Therefore, caution must be exercised when generalizing these findings to other
populations. There were relatively few events in some groups despite large sample size
thereby preventing analyses involving females, cause-specific mortality, and the
classification of cardiorespiratory fitness across a gradient of low, moderate, and high
cardiorespiratory fitness. There is a lack of sufficient data concerning medication use or
dietary patterns, both of which could confound results. The Ardern body mass index-
specific waist circumference thresholds were developed using risk of coronary heart
disease to determine the optimal waist circumference that indicated elevated risk [7].
Whether these thresholds are appropriate for all-cause mortality is uncertain, although
our mortality data from ACLS supports this concept for all-cause mortality. Finally, the
use of categorical analysis could be viewed as a limitation. We believe that the
categorization of body mass index and waist circumference in this manner reflects how
obesity risk estimation models are typically used in clinical settings, which strengthens

our findings.

In summary, we report that for most body mass index and waist circumference
groups, inclusion of cardiorespiratory fitness identifies males at increased mortality risk
after classification according to novel body mass index-specific waist circumference
values. These observations provide further support for the inclusion of cardiorespiratory
fithess as a routine measure in health care settings to help identify and manage obesity-

related risk.
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Table I. Baseline characteristics for all study participants and according to survival status.

All Participants (n=31 267 Survivors (n=29 868)

Decedents (n=1399)

Age (y)
Body mass index (kg/m?)
Waist Circumference (cm)

Cardiorespiratory Fitness
(METs)

Time on Treadmill (min)
Fasting Glucose (mg/dL)

Fasting Total Cholesterol
(mg/dL)

Resting SBP (mmHg)
Resting DBP (mmHg)
Current Smoker (%)
Heavy Alcohol Intake (%)
Physically Inactive® (%)
Diabetes” (%)

Hypercholesterolemia® (%)

43.9+9.4

26.2+3.1

92.7+9.5

12.1+2.4

18.9+4.7

99.7+54.2

207.7+43.6

120.4+£12.8

80.9+9.3

16.6

8.1

22.7

3.8

27.2

43.5+9.2*

26.2+3.1

92.7 £9.5*

12.2£2.3*

19.0+4.7*

99.5+55.1*

207.3 £43.6*

120.3 £ 12.7*

80.8 £9.3*

16.2*

8.2*

22.5%

3.6*

27.1

51.1+10.6

26.2+3.2

94.1+10.0

10.8+2.4

16.2+5.1

104.3+28.1

216.3+42.2

124.0+14.5

82.4+10.1

26.7

55

26.9

7.3

29.2




Hypertension?(%) 28.3 27.7* 39.6

Parental History of CVD (%) 26.9 26.2%* 41.5

Abbreviations: SBP, systolic blood pressure; DBP diastolic blood pressure; CVD cardiovascular disease.

Data presented as mean # standard deviation, unless otherwise indicated. * indicates a significant difference between survivors and decedents
(p<.05).

“ Defined as no self-reported leisure-time physical activity within 3 months of baseline examination, as reported on the standardized medical
history/health habits questionnaire.

® Defined as history of physician diagnosed diabetes, use of insulin, or measured fasting glucose level 2126 mg/dL.
° Defined as history of physician diagnosis or measured fasting total cholesterol level 2240 mg/dL.

“Defined as history of physician diagnosis or measured resting systolic blood pressure 2140 mmHg or measured resting diastolic blood pressure
290 mmHg.



Table 2. Baseline characteristics according to fitness status within each combined body mass index and waist circumference group.

Normal Body Mass Index

Overweight Body Mass Index

Obese Body Mass Index

Normal WC High WC Normal WC High WC Normal WC High WC
Unfit Fit Unfit Fit Unfit Fit Unfit Fit Unfit Fit Unfit Fit
N 307 9217 176 2459 879 10860 | 569 2814 674 1966 520 783
age () 416+ 419+ | 440+ 450+ | 410+ 441+ | 446+ 472+ | 424+ 449+ | 445+ 472+
gely 9.5 9.8 9.6 9.4 8.3* 9.1 8.8* 9.0 8.4 8.7 8.5* 9.2
Body Mass Index (kg/?) | 228+ 230% | 240%  241x [ 270+ 267+ | 285+ 282+ | 317+ 3L4x | 329+ 326+
ody Viass Index tkg/m 15 1.3 0.8 0.8 1.3 1.2 1.1* 1.2 1.2% 1.1 1.3 1.4
Waist Circumference 838+ 830+ | 934+ 928+ | 945+ 027+ | 1042+ 1032+ | 1044+ 1031+ 1149+ 1136+
(cm) 5.2 4.6 3.1 3.0 4.2* 4.8 3.8* 2.9 4.6% 5.8 6.5* 3.3
Cardiorespiratory Fitness 8.9z 13.7 £ 8.7 12.2 9.0 12.2 8.7 % 111+ 88+ 111 + 85+ 104 +
(METs) 1.1* 2.3 1.2% 1.8 1.0% 1.8 1.1 15 1.0* 1.4 1.1 1.3
, ,, 121+ 221+ | 11.7¢« 192+ | 12.3+ 192+ | 11.6+ 16.8+ | 11.8+ 168+ | 11.1+ 154+
Time on Treadmill (min)
2.4% 43 2.7 37 2.1% 38 2.3* 32 2.1 3.0 2.2% 2.8
Resting SBP (mmHg) | 1153+ 1175%| 1193+ 1206%| 1199+ 1207+ 1230+ 1231%| 1250+ 1248%| 1261+ 127.0%
& & 13.0 12.4 12.5 13.1 11.7 12.5 12.8 13.0 125 125 12.2 13.0
Resting DBP (mmi] 791+ 778+ | 801+ 815+ | 818+ B8l.1+ | 840+ 832+ | 856+ 850+ | 864+ 865<
esting UBF{mmne 8.7 8.7 9.0 9.3 8.9 9.0 9.4 9.2 9.3 9.3 9.1 9.6
Fasting Total Cholesterol | 212.8 + 197.0+| 209.8+ 2160+ | 221.9+ 2095+ | 2195+ 2158+ | 2172+ 2127+ 2222+ 2146+
(mg/dL) 40.4* 463 38.5 405 | 449 421 41.4 41.1 39.3 40.1 45.6 40.8
Fasting Blood Glucose | 97.3+ 97.6+ | 1024+ 986+ | 102.1+ 991+ | 103.6+ 1024+ | 1052+ 102.1+| 110.8+ 105.1+
(mg/dL) 17.2 96.6 27.9 13.5 225 12.9 21.3 15.8 257 16.6 325 18.7




Current Smoker (%) 41.7* 125 38.8* 14.6 36.6* 16.6 31.6* 16.8 25.5% 15.8 23.3* 12.9
Heavy Alcohol Intake (%) 8.5 6.8 9.0 7.9 6.9 8.8 7.7 9.0 6.2* 9.3 8.3 9.8
Physically Inactive” (%) 55.7*% 14.1 59.6* 20.7 51.1*% 19.5 54.1*% 28.3 52.1*% 23.2 54.8* 32.2
Diabetes” (%) 2.0 2.2 6.2* 2.7 4.0 3.2 7.2* 5.0 9.8* 6.1 14.2* 9.2
H holesterolemia®
ypereno (‘;S)em ema& 1 ogor 177 | 309 263 | 375+ 290 | 371 346 | 389¢ 328 | 410  37.0
(']
Hypertension® (%) 20.5 16.8 32.6* 24.2 30.6 28.2 43.2* 38.7 49.0 447 52.5 53.6
Parental History of
Cardiovascular Disease 22.8 23.6 34.8 30.1 29.8* 26.7 32.9 30.2 27.0 25 30.6

(%)

3.9

Abbreviations: WC, waist circumference; SBP, systolic blood pressure; DBP diastolic blood pressure.

Data presented as mean + standard deviation unless otherwise indicated. * indicates a significant difference between unfit and fit individuals

within each BMI/WC group (p<.05).

“Defined as no self-reported leisure-time physical activity within 3 months of baseline examination, as reported on the standardized medical

history/health habits questionnaire.

®Defined as history of physician diagnosed diabetes, use of insulin, or measured fasting glucose level 2126 mg/dL.

‘Defined as history of physician diagnosis or measured fasting total cholesterol level 2240 mg/dL.

“Defined as history of physician diagnosis or measured resting systolic blood pressure >140 mmHg or measured resting diastolic blood pressure

290 mmHg.



Table 3. Hazard ratios for all-cause mortality between unfit and fit men within

each combined body mass index and waist circumference group.

Body Mass Waist Unfit vs. Fit p-value
Index Circumference
<90 cm 1.95 (1.34-2.83)* 0.0005
Normal
>90 cm 2.63 (1.58-4.40)* 0.0002
<100 cm 1.41 (1.04-1.90)* 0.0253
Overweight
>100 cm 1.30(0.92-1.84) 0.1426
<110 cm 1.37 (0.90-2.09) 0.1408
Obese
>110 cm 2.11(1.31-3.42)* 0.0023

Data presented as Hazard Ratio (95% Confidence Interval), * indicates p<.05.

Model adjusted for age, year of baseline examination, smoking, alcohol intake, physical inactivity,
diabetes, hypertension, hypercholesterolemia, and parental history of cardiovascular disease.

Normal BMI: 18.5 to <25 kg/m?, Overweight BMI: 25 to <30 kg/m?, Obese BMI: 30 to <35 kg/m”.



Table 4. Hazard ratios for all-cause mortality between unfit and fit men grouped according to body
mass index or waist circumference alone.

Category Unfit vs. Fit p-value

Normal 2.10(1.56-2.83)* | <.0001
Body
Mass | Overweight 1.41(1.12-1.76)* | 0.0030
Index

Obese 1.65(1.22-2.24)* | 0.0011

WC<96.0cm | 1.53(1.18-1.99)* | 0.0012
WC

WC=296.0cm | 1.79(1.48-2.15)* | <.0001

Abbreviations: WC, waist circumference
Data presented as Hazard Ratio (95% Confidence Interval), * indicates p<.05.

Model adjusted for age, year of baseline examination, smoking, alcohol intake, physical inactivity,
diabetes, hypertension, hypercholesterolemia, and parental history of cardiovascular disease.

Normal body mass index: 18.5 to <25 kg/m?, Overweight body mass index: 25 to <30 kg/m?, Obese body
mass index: 30 to <35 kg/m*.



Clinical Significance:

In 31,267 males with atotal of 439, 991 person-years of observation, for most combinations of body mass
index and waist circumference, unfit men were at substantially higher risk of all-cause mortality than fit
men.

Inclusion of cardiorespiratory fitness within current body massindex and waist circumference models
substantially improves the ability of practitionersto identify men at higher mortality risk and thus,
improves patient management.



