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Objective: To examine the association between abnormal ex-
ercise electrocardiographic (E-ECG) test results and mortality 
(all-cause and that resulting from coronary heart disease [CHD] 
or cardiovascular disease [CVD]) in a large population of asymp-
tomatic men with metabolic syndrome (MetS).

patients and MethOds: A total of 9191 men (mean age, 46.9 
years) met the criteria of having MetS. All completed a maximal 
E-ECG treadmill test (May 14, 1979, through April 9, 2001) and 
were without a previous CVD event or diabetes at baseline. Main 
outcomes were all-cause mortality, mortality due to CHD, and mor-
tality due to CVD. Cox regression analysis was used to quantify 
the mortality risk according to E-ECG responses. 

Results: During a follow-up of 14 years, 633 deaths (242 CVD 
and 150 CHD) were identified. Mortality rates and hazard ratios 
(HRs) across E-ECG responses were the following: for all-cause 
mortality: HR, 1.36; 95% confidence interval (CI), 1.09-1.70 for 
equivocal responses and HR, 1.41; 95% CI, 1.12-1.77 for abnormal 
responses (Ptrend<.001); for mortality due to CVD: HR, 1.29; 95% 
CI, 0.88-1.88 for equivocal responses and HR, 2.04; 95% CI, 1.46-
2.84 for abnormal responses (Ptrend<.001); and for mortality due 
to CHD: HR, 1.62; 95% CI, 1.02-2.56 for equivocal responses and 
HR, 2.45; 95% CI, 1.62-3.69 for abnormal responses (Ptrend<.001). 
A positive gradient for CHD, CVD, and all-cause mortality rates 
across E-ECG categories within 3, 4, or 5 MetS components was 
observed (P<.001 for all).

cOnclusiOn: Among men with MetS, an abnormal E-ECG re-
sponse was associated with higher risk of all-cause, CVD, and CHD 
mortality. These findings underscore the importance of E-ECG 
tests to identify men with MetS who are at risk of dying.
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ACLS = Aerobics Center Longitudinal Study; CHD = coronary heart dis-
ease; CI = confidence interval; CRF = cardiorespiratory fitness; CVD =  
cardiovascular disease; DM = diabetes mellitus; ECG = electrocardi-
ography; E-ECG = exercise ECG; HR = hazard ratio;  MET = metabolic 
equivalent; MetS = metabolic syndrome; NDI = National Death Index;  
SRI = stress-recovery index
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Metabolic syndrome (MetS) is a clustering of car-
diovascular disease (CVD) risk factors,1 including 

abdominal obesity, atherogenic dyslipidemia, elevated 
blood pressure, and insulin resistance,2 that currently af-
fects nearly 25% of Americans and is a growing concern 
because of increasing rates of obesity and hypertension.3 
Because many of the components of MetS are associated 
with an increased risk of CVD and death, a noninvasive di-
agnosis of subclinical CVD in patients with MetS is impor-
tant and may optimize secondary preventive interventions 
in this high-risk population.
 We showed earlier that abnormal exercise electrocar-
diographic (E-ECG) results during maximal exercise test-

ing was associated with an elevated risk of incident coro-
nary heart disease (CHD), CVD, and all-cause mortality 
in 2854 men with diabetes mellitus (DM).4 Thus, although 
DM is considered a CHD risk equivalent, important ad-
ditional information for risk stratification can be obtained 
from exercise testing. We also showed that exercise testing 
can be used to identify women with impaired fasting glu-
cose, a predecessor to DM and MetS, who are at high risk 
of all-cause mortality.5 Callaham et al6 studied 1747 US 
veterans with DM and showed that exercise-induced ST-
segment depression was associated with more CVD events 
during a mean follow-up of 2 years than was observed in 
participants without ST-segment depression. In a study of 
45 patients with exercise-induced silent ischemia, Weiner 
et al7 reported that patients with DM had worse outcomes 
in terms of CVD events than persons without DM.
 Currently, no known studies have evaluated the asso-
ciation between abnormal E-ECG responses and all-cause, 
CHD, and CVD mortality risk in men with MetS. Although 
sparse, some studies have examined the association between 
E-ECG responses and CHD risk in men with components 
of MetS. Ekelund et al8 reported that positive findings on 
E-ECG was an independent predictor of CVD events in men 
with hypercholesterolemia. Laukkanen et al9 reported that 
exercise-induced ischemia was associated with a higher risk 
of adverse outcomes in persons at high risk of CHD. Bigi et 
al10 suggested that the stress-recovery index (SRI) predicts 
all-cause mortality in persons with hypertension.
 Therefore, our study primarily aimed to evaluate the as-
sociation between abnormal E-ECG test results and mor-
tality (all-cause and that due to CHD or CVD) in a large 
population of asymptomatic men with MetS. We showed 
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earlier that a maximal E-ECG test performed in asymp-
tomatic men free of CVD can predict future risk of CHD 
death,11 and that an abnormal test result was a more power-
ful predictor of risk in those with DM than those without 
the diagnosis.4 The current study will expand this earlier 
report and focus on men with MetS.

PATIENTS AND METHoDS

The current analysis included 9191 men, aged 20 to 80 
years, from the Aerobics Center Longitudinal Study 
(ACLS) who had complete data for cardiorespiratory 
fitness (CRF) and MetS. The sample was restricted to 
men with no personal history of myocardial infarction or 
stroke, and at least 1 year of follow-up data at the time 
of the baseline examination. Other inclusion criteria for 
the current analyses required participants to have MetS 
and to have achieved at least 85% of their age-predicted 
maximal heart rate on the maximal E-ECG treadmill test 
at baseline. Participants with DM at baseline, defined as a 
fasting plasma glucose concentration of at least 126 mg/
dL (to convert to mmol/L, multiply by 0.0555), a history 
of physician diagnosis of the disease, or insulin use, were 
excluded from the study. Most men were white and from 
middle or upper socioeconomic strata. All participants at-
tended the Cooper Clinic in Dallas, TX, for clinical evalu-
ations between May 14, 1979, and April 9, 2001, and gave 
informed consent to participate in the clinical examina-
tion and subsequent follow-up study. The Cooper Insti-
tute Institutional Review Board reviewed and approved 
the study protocol annually.

Metabolic SyndroMe

Baseline examinations were performed after patients had 
been fasting for at least 12 hours and included a thorough 
preventive medical evaluation by a physician and a wide 
variety of clinical measurements. Waist circumference  was 
measured at the level of the umbilicus with a plastic anthro-
pometric tape. Systolic and diastolic blood pressures were 
recorded at rest, as the first and fifth Korotkoff sounds, us-
ing standard auscultation methods. Concentrations of total 
and high-density lipoprotein cholesterol, triglycerides, and 
glucose were measured using automated bioassays in accor-
dance with the Centers for Disease Control and Prevention 
Lipid Standardization Program. MetS was defined according 
to the criteria established by the American Heart Association 
and the National Heart, Lung, and Blood Institute.12

 Participants were classified as having MetS if they had 3 
or more of the following 5 risk factors: (1) abdominal obe-
sity (waist girth >102 cm); (2) high level of triglycerides 
(≥150 mg/dL [to convert to mmol/L, multiply by 0.0113]); 
(3) low level of high-density lipoprotein cholesterol (<40 

mg/dL [to convert to mmol/L, multiply by 0.0259]); (4) 
high blood pressure (≥130/85 mm Hg); and (5) elevated 
fasting glucose (≥100 mg/dL). As in our previous report,13 

history of physician-diagnosed hypertension was used to 
identify persons with an abnormal blood pressure.

exerciSe teSt

A maximal symptom-limited E-ECG treadmill test was 
performed using a modified Balke protocol.14 The tread-
mill test began with the patient walking 88 m/min (3.3 
mph) at 0% grade. At the end of the first minute, eleva-
tion was increased to 2% and thereafter increased 1% per 
minute until the 25th minute. Beyond 25 minutes, eleva-
tion remained constant while speed was increased each 
minute by 5.4 m/min (0.2 mph) until exhaustion. The test 
end point was volitional exhaustion or termination by the 
physician for medical reasons. During E-ECG testing, 12-
lead electrocardiography (ECG) was monitored continu-
ously. Exercise duration on this protocol is highly corre-
lated with measured maximal oxygen uptake (r=0.92).15 
Maximal metabolic equivalents (METs; 1 MET = 3.5 mL 
oxygen uptake/kg-1 per minute-1) were estimated from the 
final treadmill speed and grade. We used our previously 
published age-specific distribution of treadmill durations 
from the overall ACLS population to define CRF as low  
(lowest 20%), moderate (middle 40%), or high (upper 
40%); we did so to maintain consistency with our previ-
ous reports and because low CRF, defined in this way, is 
an independent predictor of mortality16,17 and morbidity.18 
Assignment to a CRF category was based on age norms of 
treadmill performance rather than on an absolute fitness 
standard. The respective cut points for total treadmill time 
and METs in the low, moderate, and high CRF groups 
were described in detail in a previous report.18 Heart rate 
recovery was defined as the heart rate decline during the 
first 5 minutes after the completion of the maximal E-
ECG test (heart rate

max
 – heart rate

5 min of recovery
). Heart rate 

reserve is calculated as 220 – age – resting heart rate.
 Equivocal E-ECG responses were those with an ST-
segment depression between 0.5 and 1.0 mm in amplitude 
and lasting at least 0.08 seconds.14 Abnormal E-ECG re-
sponses, detected by the supervising physician, included 
rhythm and conduction disturbances and ischemic ST-T 
wave abnormalities, as described in detail elsewhere.11,14 
Previously, to establish the percentage of abnormal test 
results due to the major criteria of ST-segment depres-
sion or elevation of 1 mm or more lasting 0.08 seconds 
or more from the J-point, 357 abnormal test responses, 
from 1436 abnormal test results identified in the overall 
database, were randomly selected and reanalyzed blindly 
by a group of 3 physicians. We found that 90% of these 
randomly selected abnormal test responses were abnor-
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mal because of ST-segment depression or elevation with 
or without chest pain, and the specificity of the testing 
was about 90%.11

covariateS

Information on smoking habits and parental history of CVD 
were obtained from a standardized questionnaire. Resting 
ECG procedures followed a standard manual of operations. 
Body mass index was calculated as the weight in kilograms 
divided by height in meters squared.

Mortality Surveillance

Follow-up continued until participants died or until De-
cember 31, 2003, for survivors. Deaths were identified 
from the National Death Index (NDI). The underlying 
cause of death was determined from the NDI report or by 
a nosologist’s review of official death certificates obtained 
from the Department of Vital Records in the decedent’s 
state of residence. The NDI has established validity for use 
in cohort studies, with a sensitivity of 96% and specific-
ity of 100%.19 Before 1999, mortality was defined by the 
International Classification of Diseases, Ninth Revision 
(CVD, codes 390 to 449.9; CHD, codes 410 to 414), and 
from 1999-2003, by the Tenth Revision (CVD, codes I00 
to I78; CHD, codes I20 to I25). The mean ± SD follow-up 
time was 13.9±6.4 years (range, 1.0-24.6 years). We com-
puted man-years of follow-up as the sum of follow-up time 
among decedents and survivors.

StatiStical analySeS

Baseline characteristics of the population were examined 
by E-ECG category and by vital status. Cox proportional 
hazards regression was used to estimate the adjusted hazard 
ratio (HR), 95% confidence interval (CI), and death rates 
(per 10,000 man-years) between E-ECG groups and time 
to development of death from all causes, CVD, or CHD. 
Risk factors included baseline measures: age (in years), 
examination year, smoking status (current smoker or not), 
body mass index (kg/m2), abnormal resting ECG responses 
(present or not), family history of CVD (present or not), 
heart rate reserve, and treadmill time duration (minutes). 
Tests of linear trends across risk factor categories were 
computed using integer scoring (values 1, 2, and 3) for the 
3 categories.
 Cumulative hazard plots grouped by exposures sug-
gested no appreciable violations of the proportional haz-
ards assumption. We excluded events that occurred during 
the first year of follow-up to reduce potential confounding 
caused by procedure-related deaths and potential influ-
ence of undetected subclinical disease at baseline. We also 
examined the association within number of MetS compo-
nents (3, 4, and 5). Finally, we examined the joint effects 

of E-ECG responses and CRF on mortality. For this analy-
sis, we created 6 ECG-fitness combination categories. Be-
cause of the small number of CHD deaths in participants 
with high CRF (6 deaths for group with equivocal E-ECG 
findings and 6 deaths for group with abnormal E-ECG 
findings), we used an alternative CRF grouping (fit vs un-
fit) to analyze the joint effects of E-ECG responses and 
CRF on mortality. We compared the effect of each combi-
nation of E-ECG responses and CRF status (normal-unfit, 
equivocal-unfit, abnormal-unfit, normal-fit, equivocal-fit, 
abnormal-fit) with the referent group (abnormal and unfit). 
All P values were calculated assuming 2-sided alternative 
hypotheses; P values <.05 were taken to indicate statis-
tically significant comparisons. All analyses were per-
formed using SAS statistical software, version 9.1 (SAS 
Institute, Cary, NC).

RESuLTS

At baseline, the mean ± SD age of all study participants 
was 46.9±9.5 years; the mean ± SD treadmill test dura- 
tion, 15.8±4.3 minutes; and the mean ± SD maximal METs, 
10.6±2.0. The prevalence of unfit was 23.2%. The charac-
teristics of the participants at baseline are summarized in 
Table 1. In 127,663 man-years of follow-up, 633 deaths 
were identified, 242 (38%) of which were due to CVD and 
150 (24%) to CHD.
 We examined age- and examination year–adjusted rela-
tive risk for mortality from all causes, CVD, and CHD (Ta-
ble 2). Exercise-ECG test results were a strong predictor 
of CHD mortality risk (HR, 1.62; 95% CI, 1.02-2.56 for 
equivocal E-ECG test results and HR, 2.45; 95% CI, 1.62-
3.69 for abnormal E-ECG test results; P

trend
<.001). The 

other predictors of CHD death were abnormal resting ECG 
results (HR, 1.87; 95% CI, 1.10-3.18), obesity (HR, 1.75; 
95% CI, 1.11-2.74), abdominal obesity (HR, 1.68; 95% CI, 
1.22-2.32), current smoker (HR, 1.56; 95% CI, 1.08-2.27), 
and parental history of CVD (HR, 1.46; 95% CI, 1.04-
2.07). The HR for CHD mortality was  0.79 (95% CI, 0.73-
0.87) for each 1-MET increment of achieved workload and 
was 0.50 (95% CI, 0.34-0.72) for the moderate CRF group 
and 0.38 (95% CI, 0.24-0.58) for the high CRF group vs the 
low CRF group. Patterns and magnitude of the association 
between exposure variables and all-cause and CVD mortality 
risk were similar to those for CHD (Table 2).
 An inverse gradient (P

trend
<.001) of CHD, CVD, and 

all-cause mortality rates was observed across E-ECG 
groups (Table 3). After adjustment for risk factors, 
men with equivocal and abnormal E-ECG test results 
had a 40% and 91% higher risk of death from CHD 
(P

trend
=.004), a 14% and 75% higher risk of death from 

CVD (P
trend

=.003), and a 24% and 24% higher risk of 
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all-cause death (P
trend

=.04) than did men with normal 
E-ECG test results, respectively.
 We next examined whether the number of MetS compo-
nents modified the association between E-ECG testing and 
CHD mortality (Figure 1). We computed CHD mortality 
rates by E-ECG test results grouped on the number of MetS 
components at baseline. As expected, patients with more 
components and an abnormal E-ECG test result had higher 
CHD mortality. We observed positive gradients for CHD 
mortality rates across E-ECG categories within 3, 4, or 5 
components (P

trend
<.05, respectively). All-cause and CVD 

mortality followed a similar pattern (data not shown).

 Finally, we analyzed the joint associations of E-ECG 
responses and CRF with CHD mortality. Figure 2 shows 
the age- and examination year–adjusted death rates for 
CHD mortality across E-ECG response groups (normal, 
equivocal, and abnormal) and CRF categories (unfit/fit), 
which resulted in 6 E-ECG–CRF groups. The death rate 
in unfit men with abnormal E-ECG responses was the 
highest among the 6 combination groups. The adjusted 
death rate per 10,000 man-years was inversely related 
to E-ECG responses in the fit group (P

trend
=.001) but not 

in the unfit group (P
trend 

=.11) and was inversely related 
to CRF in the normal (P=.002) and equivocal (P=.03)  

table 1. Baseline Characteristics of 9191 Men With Metabolic Syndrome According to 
Vital Status and Exercise ECG Testing outcomes, Aerobics Center Longitudinal Study, 

1979-2003a,b

 Exercise ECG test results 

  Normal Equivocal Abnormal
 Characteristic  (n=7584) (n=926) (n=681) P

trend
c

Age (y) 45.6±9.1  52.1±8.9 54.3±9.0 <.001
Waist circumference (cm) 101.4±11.6 102.0±10.9 101.1±11.4 .25
Body mass index (kg/m2) 29.0±4.1 29.0±4.2 28.5±4.1 .03
Workload achieved (METs) 10.8±2.0   9.9±1.9   9.5±2.1 <.001
Lipids (mg/dL)     
 Total cholesterol 220±43 224±43 224±46 .001
 HDL-C 39±8   39±12 39±8 .005
 Triglycerides   212±124   204±168   212±168 .50
Fasting blood glucose (mg/dL) 103±9 105±9 105±9 <.001
Resting blood pressure (mm Hg)     
 Systolic 126±13 130±14 131±16 <.001
 Diastolic 86±9   87±10 87±9 .02
Maximal blood pressure (mm Hg)     
 Systolic 195±24 200±28 199±28 <.001
 Diastolic   80±14   84±14   84±14 <.001
Resting heart rate (beats/min)   63±11   62±10   61±11 <.001
Maximal heart rate (beats/min) 175±15 164±20 161±21 <.001
Heart rate at 5 min of recovery 
 (beats/min) 109±15 103±16 103±17 <.001
Heart rate reserve (beats/min) 111±16 102±20 100±21 <.001
Current smoker  19.2 18.5 14.5 .01
Abnormal resting ECG   2.1   6.3 13.1 <.001
Parental history of premature CVD   6.6   8.2   7.8 .10
Metabolic syndrome components     
 Abdominal obesityd 47.8 52.1 44.8 .01
 High blood pressuree 75.3 73.2 74.5 .37
 Low HDL-Cf 70.7 64.4 66.4 <.001
 High triglyceridesg 74.2 83.4 83.0 <.001
 High glucoseh 74.3 77.5 78.3 .02

a Categorical data are provided as percentage of patients and continuous data as mean ± SD.  CVD = 
cardiovascular disease; ECG = electrocardiography; HDL-C = high-density lipoprotein cholesterol; 
MET = metabolic equivalent.

b SI conversion factors: To convert total cholesterol and HDL-C values to mmol/L, multiply by 0.0259; 
to convert triglyceride values to mmol/L, multiply by 0.0113; and to convert glucose values to mmol/L, 
multiply by 0.0555.

c This is the P value for overall comparison across 3 groups.
d Abdominal obesity was defined as waist girth ≥102 cm (40 in).
e High blood pressure was defined as systolic blood pressure ≥130 mm Hg, diastolic blood pressure ≥85 

mm Hg, or history of physician-diagnosed hypertension.
f Low HDL-C was defined as a value <40 mg/dL (<1.04 mmol/L).
g High triglycerides was defined as a value ≥150 mg/dL (≥1.69 mmol/L).
h High glucose was defined as a value ≥100 mg/dL (5.6 mmol/L) but <126 mg/dL (7.0 mmol/L).
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table 2. Age- and Examination Year–Adjusted HRs for All-Cause, CVD, and CHD Death According to Exercise ECG Test Results and 
other Potential CVD Risk Factors in 9191 Men With Metabolic Syndromea

  All-cause,  CVD,  CHD,
 Variable HR (95% CI) P

trend
b HR (95% CI) P

trend
b HR (95% CI) P

trend
b

Exercise ECG testing  .001  <.001  <.001 
  Normal 1.00 (Referent)  1.00 (Referent)  1.00 (Referent)
  Equivocal 1.36 (1.09-1.70)  1.29 (0.88-1.88)  1.62 (1.02-2.56)
  Abnormal 1.41 (1.12-1.77)  2.04 (1.46-2.84)  2.45 (1.62-3.69)
Workload achieved (per 1-MET 
 increment) 0.87 (0.84-0.91)  0.83 (0.77-0.89)  0.79 (0.73-0.87)
Cardiorespiratory fitness  <.001  <.001  <.001
  Low 1.00 (Referent)  1.00 (Referent)  1.00 (Referent)
  Moderate 0.61 (0.50-0.73)  0.56 (0.42-0.75)  0.50 (0.34-0.72)
  High 0.52 (0.42-0.64)  0.43 (0.30-0.60)  0.38 (0.24-0.58)
Resting heart rate (per 10 beats/min) 1.21 (1.13-1.30)  1.24 (1.11-1.39)  1.21 (1.04-1.40)
Maximal heart rate (per 10 beats/min) 0.89 (0.84-0.93)  0.82 (0.76-0.88)  0.76 (0.70-0.83)
Heart rate at 5 min of recovery 
 (per 10 beats/min) 1.01 (0.95-1.07)  0.97 (0.88-1.07)  0.73 (0.68-0.80)
Heart rate reserve (per 10 beats/min) 0.84 (0.80-0.88)  0.78 (0.73-0.83)  0.98 (0.92-1.05)
Maximal systolic blood pressure
 (per 10 mm Hg) 1.03 (1.00-1.07)  1.02 (0.97-1.07)  1.07 (0.95-1.21)
Maximal diastolic blood pressure
 (per 10 mm Hg) 1.13 (1.06-1.20)  1.17 (1.06-1.28)  1.07 (0.95-1.21)
Body mass index (kg/m2)  <.001  <.001  .007 
  18.5-24.9 1.00 (Referent)  1.00 (Referent)  1.00 (Referent)
  25.0-29.9 0.95 (0.77-1.17)  0.97 (0.68-1.36)  0.90 (0.59-1.38)
  ≥30.0 1.50 (1.20-1.88)  1.94 (1.35-2.79)  1.75 (1.11-2.74)
Current smoker 1.61 (1.34-1.92)  1.66 (1.25-2.22)  1.56 (1.08-2.27)
Abnormal resting ECG 1.41 (1.04-1.91)  1.61 (1.03-2.52)  1.87 (1.10-3.18)
Parental history of premature CVD 1.34 (1.11-1.63)  1.41 (1.07-1.86)  1.46 (1.04-2.07)
Metabolic syndrome componentsc

 Abdominal obesity 1.36 (1.16-1.59)  1.63 (1.27-2.11)  1.68 (1.22-2.32)
 High blood pressure 1.25 (1.02-1.53)  1.45 (1.03-2.05)  1.23 (0.81-1.86)
 Low HDL-C 0.92 (0.78-1.09)  0.92 (0.70-1.20)  0.99 (0.70-1.41)
 High triglycerides 0.97 (0.81-1.15)  0.81 (0.62-1.07)  0.91 (0.64-1.29)
 High glucose 0.98 (0.81-1.18)  1.09 (0.80-1.50)  0.98 (0.67-1.45)

a CHD = coronary heart disease; CI = confidence interval; CVD = cardiovascular disease; ECG = electrocardiography; HDL-C = high-density lipo-
protein cholesterol; HR = hazard ratio; MET = metabolic equivalent (1 MET = 3.5 mL of oxygen uptake/kg-1 per minute-1).

b P
trend 

= there is a significant association across all categories.
c Definition of metabolic syndrome components was same as in Table 1.

table 3. Rates and HRs for All-cause, CVD, and CHD Mortality by 
Exercise ECG Results in 9191 Men With Metabolic Syndromea

 Model 1c Model 2d

 No. of 
 deaths Rateb HR (95% CI) P

trend
e HR (95% CI) P

trend
e

All-cause     .001  .04 
 Normal 433 46.7 1.00 (Referent)   1.00 (Referent)
 Equivocal 101 63.5 1.36 (1.09-1.70)   1.24 (0.99-1.56)
 Abnormal 99 65.7 1.41 (1.12-1.77)   1.24 (0.98-1.58)
CVD     <.001  .003 
 Normal 152 17.3 1.00 (Referent)   1.00 (Referent)
 Equivocal 35 22.2 1.29 (0.88-1.88)   1.14 (0.78-1.66)
 Abnormal 55 35.1 2.04 (1.46-2.84)   1.75 (1.23-2.48)
CHD     <.001   .004 
 Normal 87 10.1 1.00 (Referent)   1.00 (Referent)
 Equivocal 25 16.4 1.62 (1.02-2.56)   1.40 (0.88-2.22)
 Abnormal 38 24.8 2.45 (1.62-3.69)   1.91 (1.23-2.98)

a CHD = coronary heart disease; CI = confidence interval; CVD = cardiovascular disease; ECG = electro-
cardiography; HR = hazard ratio.

b Rate per 10,000 man-years, adjusted for age and examination year.
c Adjusted for age and examination year.
d Adjusted for the above plus current smoking (yes or no), body mass index, family history of CVD (present 

or not), abnormal resting ECG responses (present or not), heart rate reserve, and treadmill time duration.
e P

trend
 = there is a significant association across all categories.
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FiGuRe 2. age- and examination year–adjusted coronary heart dis-
ease (chd) mortality rates per 10,000 man-years according to exer-
cise electrocardiographic (e-ecG) responses and cardiorespiratory fit-
ness categories (fit and unfit). normal, equivocal, and abnormal e-ecG 
test results are indicated by white, gray, and black bars, respectively. 
the P values are for a test of linear trend across e-ecG groups. the 
number of men (number of  chd deaths) in the normal, equivocal, and 
abnormal ecG groups were 5887 (59), 688 (15), and 484 (24) in fit 
men; and 1697 (28), 238 (10), and 197 (14) in unfit men. 

E-ECG response groups but not in the abnormal E-ECG 
response group (P=.28). Cardiovascular disease and 
all-cause mortality followed a similar pattern (data not 
shown).

DISCuSSIoN

In this prospective study of men with MetS, we observed that 
E-ECG test results were a strong predictor of CHD, CVD, 
and all-cause mortality risk, and these findings were seen in 
categories created by the number of MetS components. For 
example, there were strong direct trends for CHD mortality 
(P<.05 for all categories) in men with 3, 4, or 5 MetS com-
ponents. There was also a direct gradient of CHD, CVD, and 
all-cause mortality rates across E-ECG groups. After adjust-
ment for potential risk factors, men with equivocal and ab-
normal E-ECG test results had a 40% and 91% higher risk of 
CHD death, a 14% and 75% higher risk of CVD death, and a 
24% and 24% higher risk of all-cause death when compared 
with men with normal E-ECG tests.
 Our results concerning the positive association between 
abnormal E-ECG results and a higher risk of CHD mor-
tality are in unison with other population-based studies of 
asymptomatic men with other CVD risk factors.9,20-22 The 
Framingham Heart Study-Offspring found that ST-seg-
ment depression provided additional prognostic informa-
tion in age- and Framingham risk score–adjusted models 
in men, particularly among those in the highest-risk group 
(10-year predicted CHD risk of ≥20%).20 This study evalu-
ated 3043 asymptomatic men and women, who underwent 
a symptom-limited E-ECG test and were followed up for 
18.2 years.20 Aijaz et al23 conducted maximal symptom-

No. of metabolic syndrome components

C
H

D
 m

or
ta

lit
y 

ra
te

 p
er

 
1
0
,0

0
0
 m

an
-y

ea
rs

P=.03

P=.001

P=.02
60

0
5

10
15
20

25
30
35

40
45

50

55

3 54
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limited E-ECG stress tests, using the Bruce protocol. They 
examined 10,897 middle-aged men and women and found 
that poor exercise capacity and limited heart rate recov-
ery were associated with higher risk of mortality in both 
persons with and without CVD.23 They also observed an 
association between a higher risk of mortality and abnor-
mal E-ECG test results in the group free of CVD.23 The as-
sociation was stronger with a greater number of abnormal 
E-ECG results. Persons having 3 E-ECG abnormalities had 
a risk that was equivalent to the risk in individuals with 
CVD who had normal E-ECG results.23 In another study, a 
3-fold higher risk of CHD among patients with 1 or more 
risk factors and 2 or more abnormal features on exercise 
testing was found by Bruce et al.21 Similar to the findings 
from Bruce et al, Rywik et al22 reported that abnormal E-
ECG responses (≥1-mm horizontal or down-sloping ST-
segment depression) were associated with a doubling of 
risk of CHD events.
 Few studies have reported on the efficacy of E-ECG 
stress testing for its ability to predict CHD in persons with 
MetS or the components of MetS. A double-blinded, pla-
cebo-controlled clinical trial was conducted by Ekelund et 
al8 in an effort to determine if positive findings on E-ECG 
are predictive of CVD events in hypercholesterolemic men. 
They observed 3806 asymptomatic, hypercholesterolemic 
men for an average of 7.4 years. They reported that the risk 
of CHD mortality in association with a positive E-ECG 
test was 5.7- and 4.9-fold higher in the cholestyramine and 
placebo groups, respectively.8 Their results suggested that  
E-ECG responses are a valuable and independent predic-
tor of CHD mortality risk in men with hypercholester-
olemia. Bigi et al10 evaluated the importance of E-ECG 
for predicting mortality in hypertensive individuals with 
angina. They observed 460 hypertensive individuals with 
known or suspected coronary artery disease. They used 
the SRI, based on the comparative analysis of ST-segment 
depression in the heart rate domain during exercise and 
recovery ECG phases, as the outcome measure for the E-
ECG. They found that male sex (HR, 1.53; 95% CI, 1.01-
2.34), peak double product (HR, 0.70; 95% CI, 0.54-0.90), 
and SRI (HR, 0.69; 95% CI, 0.59-0.81) were independent 
predictors of mortality. Their results suggest that the SRI 
predicts all-cause mortality in hypertensive individuals 
with angina and may potentially provide important prog-
nostic information in replacement of other clinical and 
standard exercise testing data.10 Laukkanen et al9 showed 
results that exercise-induced silent ischemia was associ-
ated with adverse outcomes in persons who were at high 
risk of developing CHD because of smoking, hypercho-
lesterolemia, or hypertension. This observation was made 
by using a maximal symptom-limited E-ECG stress test in 
1769 middle-aged men.9 In a previous article, our group 

also showed the usefulness of E-ECG for predicting CHD 
in patients with DM. We observed 2854 men with DM 
who completed a maximal E-ECG test and were without a 
previous CVD event at baseline. Our results suggested that 
equivocal and abnormal E-ECG responses were associated 
with higher risk of all-cause, CVD, and CHD mortality.4

 In previous studies, exercise testing has been shown 
to be an important predictor of survival.4,24 Prakash et 
al24 found that abnormal E-ECG test results were signifi-
cantly more common in those who died during the fol-
low-up, and exercise capacity (<5 METs) was indepen-
dently and significantly associated with all-cause mor-
tality. We also found that men with higher CRF levels 
had higher survival rates when compared with unfit men 
and that abnormal E-ECG test results were associated 
with an increased risk of all-cause mortality.4,25,26 Our 
current results further strengthen the prognostic power 
of E-ECG testing in men with MetS.
 Strengths of the current study include an extensive base-
line examination for detecting subclinical disease, a long 
follow-up period (mean, 13.9 years), a broad age range 
(20-80 years), the use of measured risk factors, a variety 
of mortality end points, and finally, an assessment of the 
prognostic value of an E-ECG stress test. All stress tests 
conducted were maximal tests, and all ECGs were 12-lead 
and continually monitored for 10 minutes after the conclu-
sion of each test.4,11,14 The use of this extensive monitoring 
ensured that we would capture most, if not all, abnormali-
ties that may have occurred.
 One limitation of the current study was a population 
that was male and predominantly white, well-educated, 
and middle- to upper-class. Having a participant group 
with such a homogeneous demographic profile limits the 
ability to generalize the results of our study. However, this 
should not affect its internal validity. No strong reason 
exists to assume that the benefits of E-ECG testing would 
be any less in women or other ethnic groups. In addition, 
parallel analyses in women and men from our previous 
studies have shown that the inverse gradient of mortality 
across levels of CRF is similar for the 2 sexes.16,17,27 This 
study also did not have information regarding medica-
tion usage, dietary habits, glycated hemoglobin levels, or 
the presence of end-organ damage. Mortality data were 
obtained primarily from the NDI, which has established 
validity. However, the possibility of misclassification of 
CVD and CHD deaths still exists. Any potential issues 
of death certificate analyses are not relevant for all-cause 
mortality because of the consistency of results for all-
cause, CVD, and CHD mortality. These results are reas-
suring, and therefore we do not think these issues will 
cause a major misinterpretation of our data. Future stud-
ies are needed to confirm our findings.
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CoNCLuSIoN

Abnormal E-ECG responses were associated with higher 
risk of all-cause, CVD, and CHD mortality among men 
with MetS. Assessment of E-ECG using maximal stress 
testing provides important prognostic information indepen-
dent of CRF level and traditional CHD risk factors. These 
findings underscore the importance of E-ECG tests as a 
determinant of CVD outcomes. We encourage health care 
professionals to consider the potential prognostic value of 
E-ECG to further enhance risk stratification in this high-
risk group of men.

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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