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t is not known whether the metabolic syndrome is as-
ociated with poor exercise capacity among patients
ho have established coronary heart disease. We eval-
ated the association of the metabolic syndrome with
readmill exercise capacity and heart rate recovery
mong patients who had coronary heart disease. We
easured treadmill exercise capacity (METs) and heart

ate recovery (beats per minute) in 943 subjects who
ad known coronary heart disease. Of these, 377 (40%)
ad the metabolic syndrome as defined by criteria of the
ational Cholesterol Education Program. Participants
ho had the metabolic syndrome were more likely to
ave poor exercise capacity (METs <5, 33% vs 18%,
<0.0001) and poor heart rate recovery (<16 beats/
in, 34% vs 21%, p <0.0001) than those who did not

ave the metabolic syndrome. In ordinal logistic regres-
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ion analyses, the metabolic syndrome was associated
ith decreased exercise capacity (odds ratio [OR] 2.2,
5% confidence interval [CI] 1.7 to 2.8, p <0.0001) and
ecreased heart rate recovery (OR 1.8, 95% CI 1.4 to
.3, p <0.0001). These associations remained strong
fter adjusting for potential confounding variables (OR
.6, 95% CI 1.2 to 2.1, p � 0.003 for decreased exer-
ise capacity; OR 1.4, 95% CI 1.1 to 1.9, p � 0.02 for
ecreased heart rate recovery). The metabolic syndrome

s independently associated with poor exercise capacity
nd poor heart rate recovery in patients who have
stablished coronary heart disease. Decreased exercise
apacity may contribute to the adverse outcomes asso-
iated with the metabolic syndrome. �2005 by Ex-
erpta Medica Inc.
(Am J Cardiol 2005;95:1175–1179)
xercise capacity and heart rate recovery are objec-
tive measurements of cardiac function that are

asily obtained by treadmill testing.1,2 In patients who
ave established coronary heart disease (CHD) and
hose who do not, exercise capacity is commonly used
n clinical practice as a well-validated predictor of
utcomes.3,4 Heart rate recovery has also been de-
cribed as a predictor of mortality in patients who
ave suspected CHD.2 Despite the high prevalence of
he metabolic syndrome and the established value of
xercise capacity and heart rate recovery as prognostic
actors in patients who have CHD, association of the
etabolic syndrome with these parameters is not
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Address for reprints: Mary A. Whooley, MD, 4150 Clement
treet (111A1), San Francisco, California 94121. E-mail: mary.
nown. Previous studies have been limited by small
amples, lack of control groups, or use of a nonstand-
rd definition for the metabolic syndrome.5–7 Our
tudy evaluated whether the metabolic syndrome is
ndependently associated with decreased exercise tol-
rance and decreased heart rate recovery in a study of
43 older adults who had CHD.

ETHODS
Participants: The Heart and Soul Study is a prospec-

ive cohort study of psychosocial factors and health out-
omes in patients who have stable CHD. Details regard-
ng our recruitment procedures have been published.8
etween September 2000 and December 2002, we en-

olled 1,024 participants who had stable CHD. Of these,
1 were unable to perform the exercise treadmill test,
eaving 943 participants for this cross-sectional analysis.
ur protocol was approved by the appropriate institu-

ional review boards, and all participants provided writ-
en, informed consent.

Metabolic syndrome: Our predictor variable was the
resence of the metabolic syndrome. We defined the
etabolic syndrome according to the definition of the
ational Cholesterol Education Program, Adult Treat-
ent Panel III (NCEP-ATP III) based on the presence

f �3 of the following components: (1) fasting glucose
evel �110 mg/dl or taking medication for diabetes
insulin or oral hypoglycemic therapy), (2) systolic blood
ressure �130 mm Hg or diastolic blood pressure �85
m Hg, (3) triglyceride level �150 mg/dl, (4) high-
ensity lipoprotein level �40 mg/dl in men and �50

11750002-9149/05/$–see front matter
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g/dl in women, and (5) waist circumference �102 cm
n men and �88 cm in women.9

Cardiac evaluation: Participants were instructed to
ast for �4 hours before exercise, except for taking
heir usual medications. We performed a symptom-
imited, graded exercise treadmill test according to
tandard Bruce’s protocol.10 To achieve maximal
eart rate, participants who were unable to continue
he standard Bruce’s protocol were switched to lower
ettings on the treadmill and encouraged to exercise
or as long as possible. Continuous, 12-lead electro-

TABLE 1 Characteristics of 943 Participants Who Had Coronary
Metabolic Syndrome

Variables
Metabolic

(n �

Age (yrs) 66 �
Men 294 (
White 227 (
Current smoker 71 (
Regular alcohol use (�4/wk) 52 (
Myocardial infarction 191 (
Stroke 52 (
Congestive heart failure 71 (
Kidney disease 34 (
Revascularization 222 (
Current angina pectoris (at least weekly) 142 (
Physically active 216 (
Calcium channel blocker 102 (
Renin-angiotensin system inhibitor 224 (
� Blocker 244 (
Statin 253 (
Diuretic 135 (
Aspirin 317 (
Heart rate at rest (beats/min) 69 �
Left ventricular ejection fraction (%) 62 �
Ischemia during treadmill testing 88 (
Body mass index (kg/m2) 31 �
Low-density lipoprotein (mg/dL) 102 �
Diabetes mellitus* 196 (
Hypertension† 370 (
Waist circumference (cm)

Men 109 �
Women 104 �

High-density lipoprotein cholesterol (mg/dl)
Men 38 �
Women 45 �

Triglycerides (mg/dl) 163 (10

Values are mean � SD, numbers of patients (percentages), or medians (interq
*Definition of diabetes (self-reported diabetes, use of diabetes medications,

metabolic syndrome (fasting glucose level �110 mg/dl or use of diabetes med
†Definition of hypertension (blood pressure �130/85 mm Hg or taking antihy

pressure �130/85 mm Hg).

TABLE 2 Exercise Capacity and Heart Rate Recovery by Presenc

Exercise Capacity (ME

Metabolic
Syndrome

No Metabolic
Syndrome

Unadjusted mean � SD 6.4 � 2.9 7.9 � 3.5
Adjusted mean (95% CI)* 6.2 (5.8–6.7) 6.9 (6.5–7.3)
Adjusted mean (95% CI)† 7.2 (6.6–7.8) 7.8 (7.2–8.3)

*Adjusted for gender, alcohol use, physical activity, use of renin-angiotensin sy
†Adjusted for variables above plus hypertension and diabetes.
CI � confidence interval.
ardiographic monitoring was performed throughout r
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esting, and exercise capacity was calculated as total
ETs achieved at peak exercise (1 MET � 3.5 ml of

xygen uptake per kilogram of body weight per
inute).11 For analysis purposes, we grouped partici-

ants into 3 categories (�5 METs, 5 to 8 METs, �8
ETs) according to previously published criteria.3
fter achieving maximal workload, subjects were im-
ediately placed supine. Heart rate was measured

xactly 1 minute after termination of exercise, and
eart rate recovery was calculated as maximal heart
ate during exercise minus heart rate 1 minute into

eart Disease According to the Presence/Absence of the

drome No Metabolic Syndrome
p Value) (n � 566)

0 67 � 11 0.08
) 494 (87%) 0.0002
) 346 (61%) 0.75
) 112 (20%) 0.70
) 136 (24%) 0.0001
) 309 (55%) 0.32
) 75 (13%) 0.79
) 84 (15%) 0.11

50 (9%) 0.92
) 343 (61%) 0.61
) 193 (34%) 0.26
) 400 (71%) �0.0001
) 125 (22%) 0.08
) 260 (46%) �0.0001
) 305 (54%) 0.001
) 361 (64%) 0.29
) 141 (25%) 0.0003
) 423 (75%) 0.0006

2 67 � 12 0.001
62 � 10 0.24

) 140 (25%) 0.66
27 � 4 �0.0001

5 104 � 32 0.33
) 96 (17%) �0.0001
) 508 (90%) �0.0001

6 96 � 11 �0.0001
4 89 � 12 �0.0001

0 48 � 13 �0.0001
1 63 � 17 �0.0001
28) 90 (65–123) �0.0001

tile ranges).
fasting plasma glucose level �126 mg/dl) differs from criterion used for the
ions).
ensive medication) differs from criterion used in the metabolic syndrome (blood

bsence of the Metabolic Syndrome

Heart Rate Recovery (beats/min)

p Value
Metabolic
Syndrome

No Metabolic
Syndrome p Value

�0.0001 23 � 12 27 � 13 �0.0001
0.002 24 (22–26) 26 (25–28) 0.02
0.02 25 (22–27) 26 (24–29) 0.08

inhibitor, � blocker, diuretic, or aspirin, heart rate at rest, and body mass index.
H

Syn
377

1
78%
60%
19%
14%
51%
14%
19%
9%)
59%
38%
57%
27%
59%
65%
67%
36%
84%

1
8

23%
6
3

52%
98%

1
1

1
1

8–2

uar
or
icat
pert
e/A

Ts)

stem
ecovery. For analytic purposes, we organized heart
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ate recovery by quartiles: �16, 17 to 24, 25 to 32, and
32 beats/min.
Other measurements: Age, ethnicity, smoking sta-

us, alcohol use, and physical activity were determined
y questionnaire. Medical history was determined by
elf-report with the exception of diabetes and hyper-
ension. Diabetes was defined as self-reported diabe-
es, use of diabetic medication, or a fasting glucose
evel �126 mg/dl. Hypertension was defined as use of
ntihypertensive medication, systolic blood pressure
130 mm Hg, or diastolic blood pressure �85 mm Hg.
All participants underwent echocardiography at

est with an Acuson Sequoia ultrasound system (Acuson,
ountain View, California) and a 3.5-MHz trans-

ucer. A complete 2-dimensional echocardiogram at
est, including imaging and Doppler in all standard
iews and subcostal imaging of the inferior vena cava,
as performed. We obtained 2-dimensional paraster-
al short-axis and apical 2- and 4-chamber views
uring inspiration and performed planimetry with a
omputerized digitization system to determine end-
iastolic and end-systolic left ventricular volumes and

IGURE 1. Proportion of participants who had poor exercise ca-
acity and poor heart rate recovery according to presence (n �
77) (black bars) or absence (n � 566) (gray bars) of the meta-
olic syndrome (p <0.0001 for the 2 measurements).

TABLE 3 Association of the Metabolic Syndrome to Poor Exercis
Poor Heart Rate Recovery

Lower Exercise Capacity Lower H

Odds Ratio*
(95% CI) p Value

Odds Ra
(95% C

Unadjusted model 2.2 (1.7–2.8) �0.0001 1.8 (1.4–
Adjusted model† 1.7 (1.3–2.3) 0.0002 1.5 (1.1–
Adjusted model‡ 1.6 (1.2–2.1) 0.003 1.4 (1.1–

*Odds ratios from ordinal logistic regression, representing the independent a
predictor variable (presence of metabolic syndrome) and each combination of h
risk outcome categories (e.g., lowest quartile of heart rate recovery vs highe
quartiles of heart rate recovery vs higher 2 quartiles, lowest 3 quartiles of heart r
quartile). Exercise capacity was divided into 3 categories (�5 METs, 5 to 8 MET
to the method of Myers et al.7

†Adjusted for gender, alcohol use, physical activity, use of renin-angioten
blocker, diuretic, or aspirin, heart rate at rest, and body mass index.

‡Adjusted for above variables plus hypertension and diabetes.
Abbreviation as in Table 2.
eft ventricular ejection fractions. Repeat echocardi- h

CORONARY ARTERY DISEA
graphy was performed immediately after exercise,
nd inducible ischemia was defined as the presence of
1 new wall motion abnormality at peak exercise.
Participants were instructed to bring their medica-

ion bottles to the study appointment, and study per-
onnel recorded all current medications. Body mass
ndex was calculated as weight in kilograms divided
y height squared in meters. We measured angina
requency with the Seattle Angina Questionnaire.12

Statistical analysis: Differences in baseline character-
stics between participants who had the metabolic syn-
rome and those who did not were compared with t tests
or continuous variables that were normally distributed,

ilcoxon’s tests for continuous variables that were not
ormally distributed, and chi-square tests for dichoto-
ous variables. We used analysis of covariance to com-

pare mean exercise capacity (METs)
and heart rate recovery (beats per
minute) after adjusting for variables
that were associated with the meta-
bolic syndrome (at p �0.05).

To determine an independent as-
sociation of the metabolic syndrome
with exercise capacity and heart rate
recovery, we used ordinal logistic re-
gression, a method that allows the
outcome variable to have �2 catego-
ries. We divided exercise capacity
categories according to previously
published criteria7 and divided cate-
gories of heart rate recovery by quar-
tile. Ordinal logistic regression cal-
culates a single odds ratio (OR) for
the association between the predictor
variable (the metabolic syndrome)
and each combination of higher ver-
sus lower risk outcome categories
(e.g., lowest quartile of heart rate re-
covery vs 3 higher quartiles, 2 lower

uartiles vs 2 higher quartiles, 3 lower quartiles vs
ighest quartile). Variables associated with the meta-
olic syndrome (at p �0.05) were entered into the
djusted models. Because diabetes and hypertension
re traditional cardiac risk factors that overlap with the
etabolic syndrome, these variables were entered in

equential analyses to determine an independent asso-
iation between the metabolic syndrome and exercise
apacity. We verified the proportional odds assump-
ions for all models. Analyses were performed with
AS 8 (SAS Institute, Cary, North Carolina).

ESULTS
Of the 943 participants, 377 (40%) met the NCEP-

TP III criteria for the metabolic syndrome. Com-
ared with those who did not have the metabolic
yndrome, those who did were less likely to be men, to
rink alcohol, and to be physically active (Table 1).
articipants who had the metabolic syndrome were
ore likely to be taking renin-angiotensin system

nhibitors, � blockers, diuretics, and aspirin. They had

apacity and

Rate Recovery

p Value

) �0.0001
) 0.004
) 0.02

iation between the
r risk versus lower
quartiles, lower 2
recovery vs highest
8 METs) according

ystem inhibitor, �
e C

eart

tio*
I)

2.3
1.9
1.9

ssoc
ighe
r 3
ate
s, �

sin s
igher heart rates at rest and greater body mass index
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evels than did those who did not have the metabolic
yndrome.

Among the 377 participants who had the metabolic
yndrome, 291 (77%) had high blood pressure (�130/85
m Hg), 290 (77%) had high fasting glucose levels

�110 mg/dl) or diabetes (diabetes medication), 282
75%) had a large waist circumference (�102 cm in
en, �88 cm in women), 262 (70%) had low levels of

igh-density lipoprotein cholesterol (�40 mg/dl in men,
50 mg/dl in women), and 215 (57%) had high levels of

riglycerides (�150 mg/dl; Table 1).
Participants who had the metabolic syndrome had

ower mean exercise capacity than did those who did
ot have the metabolic syndrome (6.4 � 2.9 vs 7.9 �
.5 METs, p �0.0001), and this association remained
trong after adjusting for potential confounding vari-
bles (Table 2). Participants who had the metabolic
yndrome also had lower heart rate recovery (23 � 12 vs
7 � 13 beats/min, p �0.0001), although the strength of
ssociation between the metabolic syndrome and heart
ate recovery was attenuated after adjustment for poten-
ial confounding variables (p � 0.08).

Participants who had the metabolic syndrome were
ore likely to have poor exercise capacity (�5 METs)

nd poor heart rate recovery (lowest quartile �16
eats/min) than those who did not have the metabolic
yndrome (p �0.0001; Figure 1). In ordinal logistic
egression analysis, the metabolic syndrome was as-
ociated with decreased exercise capacity (adjusted OR
.2, 95% confidence interval 1.7 to 2.8, p �0.0001) and
ith lower heart rate recovery (OR 1.8, 95% confi-
ence interval, 1.4 to 2.3; p �0.001). These associa-
ions remained strong after adjustment for potential
onfounding variables (Table 3). An association of the
etabolic syndrome with poor exercise capacity and

oor heart rate recovery was similar in participants
ho had diabetes mellitus and those who did not

p �0.20 for interaction).

ISCUSSION
We found that the metabolic syndrome is indepen-

ently associated with low exercise capacity and poor
eart rate recovery. These findings are very important,
ecause every fourth American in the United States
as the metabolic syndrome, and exercise capacity
nd heart rate recovery are well-established predictors
f mortality.2,3,13 Our findings persisted even after
djusting for obesity, physical activity, �-blocker use,
iabetes mellitus, and hypertension, parameters that
re believed to be primarily responsible for worse
utcome in patients who have the metabolic syn-
rome. Moreover, exercise-induced ischemia did not
ccount for our findings, because the presence of
nducible ischemia was not associated with exercise
apacity. Thus, our study provides evidence for an
ndependent relation between the metabolic syndrome
nd measurements of exercise capacity that are asso-
iated with adverse outcomes.

These findings suggest that poor heart rate recov-
ry and limited exercise capacity may contribute to the
dverse outcomes associated with the metabolic syn-

rome.14,15 Previous small studies found poor heart l

178 THE AMERICAN JOURNAL OF CARDIOLOGY� VOL. 95
ate recovery and decreased exercise capacity in pa-
ients who had insulin resistance as defined by a
yperinsulinemic euglycemic clamp test, in patients
ho had abnormal glucose tolerance, and in patients
ho had the metabolic syndrome.5,6,16 Because insulin

esistance is considered a pathogenic factor for the
etabolic syndrome and its complications, results

rom these studies support our findings.17

The 0.5-MET difference in mean exercise capacity
etween participants who had the metabolic syndrome
nd those who did not is clinically relevant. Myers
t al3 found that every MET decrease in exercise
apacity decreased the likelihood of survival by 12%.
hus, a 0.5-MET lower mean exercise capacity trans-

ates into substantially increased mortality for partic-
pants who have the metabolic syndrome. Likewise,
revious studies have demonstrated an association be-
ween poor heart rate recovery and increased mortal-
ty, although some concerns exist about limited repro-
ucibility.2,18–20 We found a higher heart rate at rest in
atients who had the metabolic syndrome, and adjust-
ng for higher heart rate at rest did not eliminate the
ssociation between the metabolic syndrome and poor
eart rate recovery.

The metabolic syndrome consists of multiple com-
onents, some of which are major risk factors for
ardiovascular morbidity and mortality. Controversy
xists as to whether the metabolic syndrome itself is a
istinct risk factor for cardiovascular disease, whether
t is solely the sum of single components, or whether
here is 1 risk factor such as insulin resistance or
iabetes that is responsible for all core features of the
etabolic syndrome.21 A factor analysis by Anderson

t al22 indicated that multiple factors of the metabolic
yndrome that are linked to adiposity account for the
nique feature of this syndrome.22 Contradictory to
his assumption, another study that examined the role
f the metabolic syndrome as a predictor for cardio-
ascular disease using the Framingham data con-
luded that most of the risk associated with the met-
bolic syndrome is captured almost completely by the
raditional risk factors of the Framingham algorithm
hat are associated with the metabolic syndrome.21 We
ound that the metabolic syndrome was associated
ith poor exercise capacity and heart rate recovery,

ndependent of diabetes, hypertension, and obesity.
Another potential link that connects exercise ca-

acity, heart rate recovery, and the metabolic syn-
rome is the obesity gene leptin. Obesity commonly is
ccompanied by increased plasma leptin levels,23

hich have been related to higher heart rates at rest in
ealthy men.24 Interestingly, the baseline heart rate in
ur collective was significantly higher in the group
ith the metabolic syndrome. However, it is unclear
hether leptin also modulates heart rate during and

fter exercise, thus potentially affecting heart rate
ecovery, or if the effect is confined to the resting
tate. Wolk et al25 examined stable patients who had
ongestive heart failure and found a positive correla-
ion between plasma leptin levels and ventilatory ef-
ciency during exercise.25 As a consequence, higher
eptin levels would lead to a hyperventilatory response

MAY 15, 2005
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o exercise. Whether this possible mechanism explains
he decreased exercise capacity in our patient collec-
ive with metabolic syndrome remains to be evaluated.

The primary targets of therapy for the metabolic
yndrome are therapeutic lifestyle changes, such as
djusting nutritional habits and increasing physical
ctivity. Because insulin resistance remains an impor-
ant aspect of the metabolic syndrome, medication
ith insulin sensitizers may also be beneficial. A
rowing body of evidence suggests that diabetes med-
cations such as metformin or acarbose may benefit
atients who are in a prediabetic state.26,27 The Dia-
etes Prevention Program reported a decrease in new
nset of type 2 diabetes with metformin.26 The Study
o Prevent NonInsulin Dependent Diabetes trial asso-
iated acarbose with a decreased risk for developing
ardiovascular disease in patients who had impaired
lucose tolerance.27 However, no randomized trials
ave evaluated the effects of lifestyle changes or phar-
acologic therapies on cardiovascular morbidity in

atients who have the metabolic syndrome. Such a
rial would help guide therapies for these patients.

Our study has several limitations. First, exercise
apacity and heart rate recovery were derived from a
ymptom-limited treadmill exercise test, which relied
n a participant’s effort to reach maximal exercise.
his concern represents a general limitation of an
xercise test, which we attempted to overcome by
mploying experienced personnel to motivate partici-
ants. Second, the metabolic syndrome has been as-
ociated with greater CHD severity, as evaluated by
lectron-beam computed tomographically or angio-
raphically based estimates of atherosclerotic bur-
en.28–30 Thus, the association of the metabolic syn-
rome with poor exercise capacity and heart rate
ecovery may represent a difference in CHD severity.
owever, because the metabolic syndrome was not

ssociated with angina, left ventricular ejection frac-
ion, or inducible ischemia in our sample, it is unlikely
hat increased CHD severity explained the observed
ifferences in exercise capacity and heart rate recov-
ry. Third, our results are based on cross-sectional
ata, so the causal direction between the metabolic
yndrome and exercise capacity cannot be determined.

In summary, we found that the metabolic syn-
rome is associated with poor exercise capacity and
oor heart rate recovery in patients who have cor-
nary disease. Poor exercise capacity may contrib-
te to the adverse outcomes associated with the
etabolic syndrome.
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