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OBJECTIVE — Coronary artery calcification (CAC) is associated with cardiac events and the
likelihood of inducible myocardial ischemia. Because metabolic syndrome contributes to atherosclerosis, we assessed whether it also influences the relationship between CAC levels and
myocardial ischemia.
RESEARCH DESIGN AND METHODS — We evaluated 1,043 patients without known
coronary artery disease (CAD) who underwent stress myocardial perfusion scintigraphy (MPS)
and computed tomography. Metabolic syndrome was defined by modified National Cholesterol
Education Program criteria. Metabolic abnormalities were present in 313 patients (30%), including 140 with diabetes (with or without metabolic syndrome) and 173 who had metabolic
syndrome without diabetes.
RESULTS — Although CAC scores ⬍100 identified a low likelihood (⬃2%) of ischemia, the
presence (versus absence) of metabolic abnormalities (metabolic syndrome or diabetes) was a
predictor of more frequent ischemia among patients with CAC scores of 100 –399 (13.0 vs.
3.6%, P ⬍ 0.02) and CAC scores ⱖ400 (23.4 vs. 13.6%, P ⫽ 0.03). Similar trends were observed
when patients with metabolic syndrome and diabetes were considered separately. Multiple
logistic regression revealed the odds of MPS ischemia to be 4.3-fold greater per SD of log CAC
(P ⬍ 0.001) and 2.0-fold greater in the presence of metabolic abnormalities (P ⬍ 0.01).
CONCLUSIONS — Among patients with CAC scores ⱖ100, metabolic abnormalities, and
even metabolic syndrome in the absence of diabetes predicted a higher likelihood of inducible
ischemia. These findings suggest the need for assessment of metabolic status when interpreting
the results of CAC imaging among patients undergoing such testing because of suspected CAD.
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ecent studies demonstrate a threshold relationship between the magnitude of coronary artery calcium
(CAC), as measured by electron beam
tomography (EBT) or multislice computed tomography (MSCT), and the likelihood of inducible myocardial ischemia
(1–3). Generally, for CAC scores ⬍400,
the frequency of inducible ischemia, as
assessed by myocardial perfusion singlephoton emission computed tomography
(SPECT), is relatively low (1–3). These
studies, however, have not shown
whether the relationship of CAC scores
and myocardial ischemia may be modified by pathophysiological variables. Diabetes and metabolic syndrome are
associated with coronary artery disease
(CAD) (4), are potent risk factors for cardiac events (5,6), and are growing in
prevalence (7,8). Because these metabolic
abnormalities are also associated with
atherosclerosis, including CAC (9), they
may also modify the relationship between
atherosclerosis and the likelihood of inducible ischemia. To test this possibility,
we evaluated the association between
stress-induced myocardial hypoperfusion
during stress-rest myocardial perfusion
scintigraphy (MPS) and CAC among subjects stratified according to the presence
of metabolic abnormalities.
RESEARCH DESIGN AND
METHODS — We evaluated 1,043
patients who underwent both dualisotope stress-rest MPS and CAC scanning by EBT (Imatron C-150 or GE
e-Speed; GE-Imatron, South San Francisco, CA) or MSCT (Siemens Volume
Zoom; Siemens Medical Systems, Forchheim, Germany) at Cedars-Sinai Medical
Center within 3 months of the scan. All
patients underwent MPS on a clinical basis. CAC imaging was performed on a
physician referral (n ⫽ 509 patients) or
self-referral basis (n ⫽ 50 patients) or as
part of an ongoing research protocol that
offered CAC scanning to patients who un1445
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derwent MPS (n ⫽ 484 patients). Exclusion criteria included prior coronary
artery bypass surgery or percutaneous
coronary intervention, previous myocardial infarction, or known valvular heart
disease or cardiomyopathy. This research
was approved by the Cedars-Sinai Medical Center institutional review board.
Imaging and stress protocol
Patients were injected intravenously at
rest with 201Tl (2.5–3.5 mCi depending
on patient weight). Rest 201T1 SPECT was
initiated 10 min after injection.

Adenosine MPS protocol
This protocol (11) was performed in 137
(13%) of the 1,043 study subjects. Patients were instructed not to consume caffeine products for 24 h before MPS. After
rest MPS, pharmacological stress was performed using adenosine infusion (140 g
䡠 kg⫺1 䡠 min⫺1 for 5– 6 min), 99mTc sestamibi was injected at the end of the 2nd or
3rd min of infusion for the 5- and 6-min
infusions, respectively. In patients who
could tolerate low-level exercise, lowlevel treadmill exercise (as an adjunct to
adenosine infusion) was performed at
0 –10% grade and 1–1.7 mph. MPS was
initiated ⬃60 min after the end of the
adenosine infusion in patients who did
not exercise and 15– 60 min after injection in those with adjunctive exercise.
SPECT acquisition protocol
MPS imaging was performed as previously described (10). The MPS studies
were performed on multidetector scintillation cameras using an elliptical 180° acquisition for 60 – 64 projections at 20
s/projection. For 201Tl, two energy windows were used, including a 30% window centered on the 68- to 80-keV peak
and a 10% window centered on the 1671446

SPECT interpretation
A semiquantitative visual interpretation
was performed using 20 segments for
each image set. Segments were scored by
blinded experienced observers using a
five-point scoring system (0 ⫽ normal,
1 ⫽ equivocal, 2 ⫽ moderate, 3 ⫽ severe
reduction of radioisotope uptake, and
4 ⫽ absence of detectable tracer uptake in
a segment) (10).
Scintigraphic indexes
The summed stress and rest scores were
obtained by adding the scores of the 20
segments of the respective images (10).
The sum of the differences between each
of the 20 segments from these images was
defined as the summed difference score,
representing the amount of ischemia.
Each of these variables incorporates the
extent and severity of perfusion defects,
which independently add prognostic information (12). The summed difference
score was converted to percent myocardium ischemia according to a published
algorithm. “Ischemic” and “moderately to
severely ischemic” MPS studies were defined by ⱖ5 and ⱖ10% of the myocardium, respectively (10). Technically,
adenosine infusion does not commonly
induce myocardial ischemia per se, but
the presence and magnitude of relative
hypoperfusion identified during adenosine MPS is roughly equivalent to that induced during maximal exercise (13–17).
Thus, we used the term “inducible ischemia” to represent both the ischemia induced during exercise testing and the
zones of potential ischemia that are identified during adenosine infusion.
Calcium scan protocol and
interpretation
The imaging protocol involved an experienced licensed radiologic technician acquiring a single scan on each patient,
consisting of ⬃30 – 40 3-mm slices or
2.5-mm slices for electron beam tomog-

raphy and MSCT, respectively. Foci of
CAC were identified and scored by an experienced technician, blinded to both patient characteristics and the MPS results,
using semiautomatic commercial software on a NetraMD workstation (ScImage, Los Altos, CA) by detection of at least
three contiguous pixels (voxel size ⫽ 1.03
mm3) of peak density ⬎130 Hounsfield
units (HU) within a coronary artery, with
scoring verified by an experienced cardiologist. The software calculated lesionspecific scores as the product of the area
of each calcified focus and peak computed tomography number (scores: 1 ⫽
131–199 HU, 2 ⫽ 200 –299 HU, 3 ⫽
300 –399 HU, 4 ⫽ ⱖ400 HU). These
were summed across all lesions identified
within the left main, left anterior descending, left circumflex, and right coronary arteries to provide arterial-specific calcium
scores, and across arteries to provide the
total CAC score.
Historical and other clinical
variables
As part of our historical query, each patient was questioned regarding chest
symptoms, divided into four chest pain
categories (asymptomatic, nonanginal
chest pain, atypical angina, and typical
angina) (18 –19), shortness of breath, and
medication use. Patients were also questioned regarding the following coronary
risk factors: 1) family history of early coronary heart disease (male primary relative
⬍55 years of age, female ⬍65 years of
age); 2) diabetes; 3) hypertension; and 4)
current smoking. Diabetes was defined
according to either self-report with medication usage or a fasting glucose level of
ⱖ126 mg/dl. In addition, fasting glucose
measures, systolic and diastolic blood
pressure, use of antihypertensive medication, and lipid profile measures (total
cholesterol, HDL cholesterol, and triglycerides) were available. Weight and
height were measured, with BMI calculated as weight (kilograms)/height
(meters squared). Electrocardiographic
ischemia was defined as ST segments ⱖ1
mm horizontal or downsloping or ⱖ1.5
mm upsloping at 80 ms after the one
point.
The presence of the metabolic syndrome was defined using modified National Cholesterol Education Program
criteria (20) based on having at least three
of the following: 1) BMI ⱖ30 kg/m2; 2)
fasting glucose ⱖ110 mg/dl; 3) hypertenDIABETES CARE, VOLUME 28, NUMBER 6, JUNE 2005
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Exercise MPS protocol
After rest MPS, symptom-limited treadmill exercise testing was performed using
the Bruce protocol in 904 (87%) of the
1,043 study subjects. At near-maximal
exercise, a 20- to 30-mCi dose of technetium-99m (99mTc) sestamibi was injected
(actual patient dose varied with patient
weight), and exercise continued for an additional 1 min after injection at peak
workload and for an additional 1–2 min
at a reduced workload. 99mTc sestamibi
MPS imaging began 15–30 min after radioisotope injection (10).

keV peak. For 99mTc sestamibi SPECT, a
15% window centered on the 140-keV
peak was used, and images were obtained
in both supine and prone positions. For
the supine rest and stress MPS studies,
gated SPECT was performed, obtaining
8 –16 frames/cycle. Images were acquired
using a 64 ⫻ 64 image matrix and were
subject to quality control measures as previously described (10). No attenuation or
scatter correction was used.
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Table 1—Study population characteristics by metabolic status

Parameters

Metabolic
syndrome
patients*

Diabetic
patients

730
58.6 ⫾ 10
248 (34)
257 (35)
448 (61)
42 (6)
136 (19)
433 (59)
297 (41)
68 (9)
300 (41)
28 (4)
37 (5)
25.7 ⫾ 4
65.7 ⫾ 11
135.6 ⫾ 19

173
55.1 ⫾ 11
47 (27)
91 (53)
121 (70)
9 (5)
45 (26)
107 (62)
66 (38)
8 (5)
81 (47)
10 (6)
8 (5)
31.0 ⫾ 5
69.7 ⫾ 11
141.1 ⫾ 16

140
59.0 ⫾ 10
45 (32)
90 (64)
98 (70)
12 (9)
23 (16)
94 (67)
46 (33)
13 (9)
63 (45)
6 (4)
12 (9)
30.3 ⫾ 6
71.8 ⫾ 13
142.4 ⫾ 19

0.20
⬍0.0001
⬍0.0001
⬍0.0001

79.0 ⫾ 9

80.8 ⫾ 10

80.1 ⫾ 9

0.05

7.3 ⫾ 6
3.9 ⫾ 3
43 (6)

9.7 ⫾ 8
3.5 ⫾ 3
19 (11)

20.6 ⫾ 2
4.1 ⫾ 3
14 (10)

⬍0.0001
0.18
0.03

P value
0.0002
0.23
⬍0.0001
0.03
0.39
0.05
0.21

Data are means ⫾ SD or n (%). *Includes all metabolic syndrome patients without diabetes.

sion, antihypertensive medication usage,
systolic blood pressure ⱖ130 mmHg, or
diastolic blood pressure ⱖ85 mmHg; 4)
HDL ⬍40 mg/dl if male or ⬍50 mg/dl if
female; or 5) fasting triglycerides ⱖ150
mg/dl. Diabetes was based on use of antidiabetic medication or fasting glucose
ⱖ126 mg/dl. Those designated as having
a metabolic abnormality included those
with metabolic syndrome and/or diabetes.
Statistical analyses
ANOVA or the 2 test of proportions was
used initially to compare demographic
and risk factor characteristics, as well as
mean Framingham risk scores (percent
likelihood of a coronary heart disease
[CHD] event in 10 years), log of coronary calcium scores (⫹1), and the proportion with a positive MPS result
(summed difference score ⱖ4) among
those with diabetes, metabolic syndrome
without diabetes, or neither condition
and across referral groups. The prevalence of an abnormal MPS was compared
across calcium score categories (0, 1–99,
100 –399, and ⱖ400) among those with
and without a metabolic abnormality (metDIABETES CARE, VOLUME 28, NUMBER 6, JUNE 2005

abolic syndrome or diabetes) and among
those with metabolic syndrome without
diabetes and those with diabetes, as compared with those with neither condition.
Multiple logistic regression was performed to assess whether CAC and the
presence of a metabolic abnormality examined as a composite variable including
diabetes, as well as the number of metabolic syndrome risk factors (one to two,
three, and four to five) and diabetes compared with the absence of metabolic syndrome risk factors, were independently
associated with the likelihood of an abnormal MPS result after taking into account risk factors (age, sex, total
cholesterol, and smoking, which are not
components of the definition for metabolic syndrome) and the presence of
symptoms.
RESULTS — Among our 1,043 patients, 730 (70%) had no metabolic abnormality and 313 (30%) had metabolic
abnormalities. Among these latter 313 patients, 140 had diabetes, including 88
(63%) patients with both diabetes and
metabolic syndrome and another 52 diabetic patients (37%) who did not have

Frequency of ischemia according to
CAC score and metabolic status
In those with negative or low CAC scores
(⬍100), the prevalence of an ischemic
MPS remained low (⬍3%) regardless of
the presence or absence of a metabolic
abnormality (Fig. 1A). Among those with
scores of 100 –399, the presence of metabolic abnormality was associated with a
threefold greater likelihood of an ischemic MPS study. Similarly, when CAC
scores were ⱖ400, the frequency of an
ischemic MPS study was significantly
higher among those with versus those
without metabolic abnormalities. Similar
trends were noted when patients were divided according to the type of metabolic
abnormality (diabetes or metabolic syndrome) (Fig. 1B).
Assessments according to the source
of patient referral
The separate analysis of patients according to the source of referral revealed the
physician-referred and self-referred patients to be very similar to each other according to all clinical variables. However,
these referred patients differed from our
research patients in being less likely to be
female, having a higher frequency of hypercholesterolemia by history, and having a lower frequency of chest pain
symptoms (P ⬍ 0.0001 for each variable).
The referred patients were also older (P ⬍
0.001), but the counterbalance among
these risk factors resulted in similar mean
Framingham risk scores for the referred
and research patients. By virtue of being
referred for MPS on the basis of their CAC
scores, the referred patients also had
1447
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n
Age (years)
Female
Hypertension
Hypercholesterolemia
Smoking
Family history
Chest pain symptoms
Asymptomatic
Nonanginal
Atypical angina
Typical angina
Shortness of breath
BMI (kg/m2)
Resting heart rate (bpm)
Resting systolic blood
pressure (mmHg)
Rest diastolic blood
pressure (mmHg)
Framingham risk score
Log (CAC ⫹ 1)
Summed difference score ⱖ4

No metabolic
abnormality

metabolic syndrome. These 140 diabetic
subjects were analyzed as one metabolic
subgroup, and the 173 patients who had
metabolic syndrome but without diabetes
constituted our separate metabolic syndrome subgroup for each of our analyses.
Comparison of our three patient cohorts
(Table 1) revealed that the diabetic and
metabolic syndrome patients had more
hypertension, history of hypercholesterolemia, and higher BMI, resting heart
rate, and systolic blood pressure measurements than the patients without
metabolic abnormalities. These patients
also had more inducible ischemia by
MPS but similar CAC scores compared
with the patients without metabolic
abnormalities.

Metabolic syndrome and inducible ischemia

higher mean CAC scores than the research patients (P ⬍ 0.0001).
Regardless of these differences, the
tendency of metabolic abnormalities to be
associated with a higher likelihood of inducible myocardial ischemia for CAC
scores ⱖ100 appeared to be present
among both the referred patients and the
research patients. For example, for those
with a CAC score of 100 –399, referred
patients with versus those without metabolic abnormalities had a 6.3 vs. 0.9% frequency of ischemia by MPS; for the
research patients, these frequencies were
21.1 and 10.6%, respectively (NS, however, due to smaller sample sizes within
stratified analyses).
Multivariate predictors of inducible
myocardial ischemia
Multivariable logistic regression analysis
(Table 2) revealed that three variables, log
CAC, the presence of chest pain symptoms (odds ratio [OR] ⫽ 2.9, P ⬍ 0.001),
and the presence of metabolic abnormalities (2.0, P ⫽ 0.008), were all independently associated with the presence of
myocardial ischemia. When metabolic
abnormalities were divided according to
the number of metabolic risk factors or
1448

diabetes, those with three and those with
four to five metabolic risk factors continued to show significant adjusted ORs for
the prediction of myocardial ischemia
(4.8, P ⫽ 0.049 and 10.9, P ⫽ 0.005,
respectively).

Table 2—Adjusted odds of stress-induced myocardial ischemia by multiple logistic regression
analyses

Model 1: metabolic abnormalities (combining
metabolic syndrome and diabetes)
Log (CAC score) per SD
Chest pain symptoms
Metabolic abnormalities
Model 2: analysis by number of metabolic
syndrome risk factors and diabetes
Log (CAC score) per SD
Chest pain symptoms
One or two risk factors
Three risk factors
Four or five risk factors
Diabetes

Odds ratio (95%CI)

P value

4.30 (2.70–6.86)
2.88 (1.67–4.97)
1.98 (1.20–3.28)

⬍0.001
⬍0.001
0.008

4.11 (2.60–6.51)
2.94 (1.69–5.09)
2.99 (0.70–12.83)
4.80 (1.01–22.86)
10.93 (2.09–57.19)
4.55 (0.98–21.07)

⬍0.001
⬍0.001
0.141
0.049
0.005
0.053

Data are also adjusted for age, sex, cholesterol, and smoking. Number with ischemia/total for stratum: model
1, metabolic abnormalities (33 of 309) vs. no metabolic abnormalities (referent) (43 of 730); model 2, one
or two risk factors (41 of 605), three risk factors (11 of 128), four or five risk factors (8 of 45), and diabetes
(14 of 136) vs. no risk factors (2 of 125). Because of missing cholesterol levels in four individuals, the total
sample size is 1,039.
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Figure 1—Frequency of myocardial ischemia during MPS across four coronary calcium score
categories (0, 1–99, 100 –399, and ⱖ400). A: Patients with metabolic abnormality versus those
without metabolic abnormality. *P ⬍ 0.05 for patients with CAC scores of 100 –399 and for those
with CAC scores ⱖ400. B: Patients with metabolic abnormality without diabetes versus those with
diabetes. *P ⬍ 0.05 compared with patients with no metabolic abnormality.

CONCLUSIONS — Our findings indicate that the presence of metabolic abnormalities increases the likelihood of
observing myocardial ischemia in association with atherosclerosis, as assessed by
CAC imaging. For example, in patients
with CAC scores in the “intermediate”
range of 100 –399, the odds of inducible
ischemia by MPS were threefold higher
among patients with versus patients without metabolic abnormalities. Similarly,
the presence of metabolic abnormalities
increased the observed prevalence of inducible ischemia among patients with
CAC scores ⱖ400. However, for CAC
scores ⬍100, the presence of metabolic
abnormalities was unrelated to ischemia.
This is consistent with prior studies showing inducible myocardial ischemia to be
uncommon among patients with CAC
scores ⬍100 (1–3).
We also assessed the separate relationships of diabetes and metabolic syndrome to the likelihood of inducible
myocardial ischemia among patients with
intermediate and high CAC scores. Both
types of metabolic abnormality showed
nearly equivalent frequencies for inducible myocardial ischemia among patients
with CAC scores ⱖ100. These results are
of interest with respect to the controversy
surrounding the cardiac risk associated
with metabolic syndrome. Although diabetes is currently considered a “CHD risk
equivalent” and automatically assigned to
high-risk status, metabolic syndrome is
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Like stress test procedures, CAC imaging has recently been shown to be a potent predictor of future adverse cardiac
events (23–27). Thus, CAC imaging may
represent an additional and potentially
synergistic tool for risk-stratifying patients with suspected CAD. However, the
clinical role of CAC imaging relative to
stress testing remains unclear. Recent
studies suggest that for CAC scores ⱖ400,
the likelihood of inducible ischemia begins to increase exponentially (1–3).
Thus, a logical argument can be made for
referring patients with such CAC scores
for subsequent stress testing. By contrast,
because patients with CAC scores of 100 –
400 have only an “intermediate” risk for
inducible ischemia, the appropriate
course for clinical follow-up in such patients is more in doubt. Our study is the
first to systematically assess how clinical
factors may influence the relationship between CAC scores and inducible myocardial ischemia. Our study indicates that
clinical patients can be more effectively
stratified into high- and low-risk groups
for manifesting myocardial ischemia by
analyzing patients’ metabolic profile in relation to CAC. This assessment may prove
to be particularly useful among patients
presenting with CAC scores in the intermediate range.
Our study had a number of important
limitations. First, the mixed referral
source of our patient population was an
important limitation. Our study population included both clinically referred and
research patients who differed according
to certain CAD risk factors, chest pain
symptoms, and mean CAC scores. A
trend toward higher frequencies of ischemia in association with specific CAC/
metabolic status combinations was seen
for our research versus referral cohorts.
This may reflect a confounding effect associated with the higher frequency of
chest pain symptoms that was observed in
our research cohort, as well as the potential effect of other clinical variables. However, regardless of cohort, the presence of
metabolic abnormalities was associated
with a higher frequency of ischemia at
CAC scores of 100 –399 or ⱖ400. Further
prospective study is needed to determine
what factors besides metabolic abnormalities influence the relationship between
CAC and inducible ischemia. For this reason, caution should be exerted in defining
a fixed CAC threshold by which patients
with metabolic abnormalities should be

referred for MPS. However, this limitation
does not negate our general finding that
metabolic abnormalities increase the likelihood of inducible ischemia for patients
with CAC scores ⱖ100. Second, we combined diabetic subjects with and without
metabolic syndrome into one group for
our statistical analyses, but it would have
been preferable, had our sample size permitted, to assess these two diabetic subgroups separately. Third, because our
patients were only recently studied, sufficient time to perform adequate follow-up
of our patient cohort has not yet occurred.
Such follow-up would be useful for assessing whether the associations noted
between CAC scores and metabolic factors
as they relate to the prediction of myocardial ischemia are also generalizable to
the prediction of adverse cardiac events.
Our results suggest that the measurement of metabolic factors should be incorporated routinely into the clinical
interpretation of CAC results when evaluating the need to refer patients with suspected CAD for cardiac stress testing.
Acknowledgments — This study was supported in part by grants from the Eisner Foundation and Bristol-Myers Squibb Medical
Imaging.

References
1. Berman DS, Wong ND, Gransar H,
Miranda-Peats R, Dahlbeck J, Hayes SW,
Friedman JD, Kang X, Polk D, Hachamovitch R, Shaw L, Rozanski A: Relationship
between abnormality on stress myocardial perfusion SPECT and extent of
atherosclerosis by coronary calcium tomography in patients without known coronary artery disease. J Am Coll Cardiol 44:
923–930, 2004
2. He Z, Hedrick TD, Pratt CM, Verani MS,
Aquino V, Roberts R, Mahmarian JJ: Severity of coronary artery calcification by
electron beam computed tomography
predicts silent myocardial ischemia. Circulation 101:244 –251, 2000
3. Anand DV, Lim E, Raval U, Lipkin D,
Lahiri A: Prevalence of silent myocardial
ischemia in asymptomatic individuals
with subclinical atherosclerosis detected
by electron beam tomography. J Nucl Cardiol 11:450 – 457, 2004
4. Alexander CM, Landsman PB, Teutsch
SM, Haffner SM: NCEP-defined metabolic syndrome, diabetes, and prevalence
of coronary heart disease among NHANES
III participants age 50 years and older.
Diabetes 52:1210 –1214, 2003

1449

Downloaded from http://diabetesjournals.org/care/article-pdf/28/6/1445/660011/zdc00605001445.pdf by guest on 03 October 2022

associated with a wide spectrum of estimated risk for CHD (21). Our results are
consistent with previous findings indicating that metabolic syndrome, even if not
accompanied by diabetes, is still associated with an excess risk of mortality from
cardiovascular disease in the U.S. population (6).
Our multivariate analysis revealed
that the presence of metabolic abnormalities provided additional independent information to our potent anatomic
measurement of atherosclerosis, CAC, for
the prediction of inducible myocardial
ischemia, whereas standard coronary risk
factors (age, sex, family history, total cholesterol, and smoking) did not. Moreover,
the presence of metabolic abnormalities
was associated with increased odds of inducible ischemia even after adjusting for
age, sex, other CAD risk factors, and coronary calcium. In addition, the OR for
inducible ischemia increased as the “burden” or number of metabolic syndrome
risk factors increased, thus supporting the
notion that the components of the metabolic syndrome may be most potent when
presented in combination, as has been
shown for the prediction of cardiovascular and total mortality (5).
Although the likelihood of inducible
myocardial ischemia is roughly associated
with the extent of angiographic disease,
the relationship is not tight (22). This
is because factors other than anatomy
govern the pathophysiology leading to
myocardial ischemia. Similarly, the relationship between CAC, a measure of
atherosclerosis, and the presence of myocardial ischemia is also apparently highly
variable. For instance, in our experience,
only 20% of patients with CAC scores
⬎1,000 manifest inducible ischemia by
MPS (1). A wide variety of mediators
could potentially influence the relationship between atherosclerosis and inducible myocardial ischemia. These include
factors affecting endothelial dysfunction,
platelet and other coagulation factors,
estrogen and other endocrine factors,
sympathetic tone, and inflammatory and
other processes that may affect the functional integrity of the coronary plaque.
Presumably, metabolic abnormalities
increase the propensity for inducible
ischemia in the presence of atherosclerosis through one or more of these mediating processes, but further study is
needed to study these potential interrelationships.

Metabolic syndrome and inducible ischemia

1450

13.

14.

15.

16.

17.

18.

19.

20.

onary artery disease. J Am Coll Cardiol
7:464 – 471, 1986
Amanullah AM, Kiat H, Friedman JD, Berman DS: Adenosine technetium-99m sestamibi myocardial perfusion SPECT in
women: diagnostic efficacy in detection of
coronary artery disease. J Am Coll Cardiol
27:803– 809, 1996
Bin JP, Pelberg RA, Wei K, Le DE, Goodman NC, Kaul S: Dobutamine versus
dipyridamole for inducing reversible perfusion defects in chronic multivessel coronary artery stenosis. J Am Coll Cardiol 40:
167–174, 2002
Ho KT, Miller TD, Christian TF, Hodge
DO, Gibbons RJ: Prediction of severe coronary artery disease and long-term outcome in patients undergoing vasodilator
SPECT. J Nucl Cardiol 8:438 – 444, 2001
Berman DS, Kang X, Hayes SW, Friedman
JD, Cohen I, Abidov A, Shaw LJ, Amanullah AM, Germano G, Hachamovitch R:
Adenosine myocardial perfusion singlephoton emission computed tomography
in women compared with men: impact of
diabetes mellitus on incremental prognostic value and effect on patient management. J Am Coll Cardiol 41:1125–1133,
2003
Hachamovitch R, Hayes SW, Friedman
JD, Cohen I, Berman DS: A prognostic
score for prediction of cardiac mortality
risk after adenosine stress myocardial perfusion scintigraphy. J Am Coll Cardiol 45:
722–729, 2005
Diamond GA, Forrester JS, Hirsch M,
Staniloff HM, Vas R, Berman DS, Swan
HJ: Application of conditional probability
analysis to the clinical diagnosis of coronary artery disease. J Clin Invest 65:1210 –
1221, 1980
Diamond GA, Staniloff HM, Forrester JS,
Pollock BH, Swan HJ: Computer-assisted
diagnosis in the noninvasive evaluation of
patients with suspected coronary artery
disease. J Am Coll Cardiol 1:444 – 455,
1983
Executive Summary of the Third Report
of the National Cholesterol Education

21.

22.

23.

24.

25.

26.

27.

Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA 285:2486 –2497,
2001
Wong ND, Pio JR, Frankin SS, L’Italien G,
Kamath TV, Williams GR: Preventing coronary events by optimal control of blood
pressure and lipids in patients with the
metabolic syndrome. Am J Cardiol 91:
1421–1426, 2003
Berman DS, Shaw LJ, Germano G: Nuclear cardiology. In Hurst’s The Heart. 10th
ed. Fuster V, Alexander RW, O’Rourke
RA, Roberts R, King SB, Wellens JHH,
Eds. New York, McGraw-Hill, 2000, p.
525–565
Arad Y, Sparado LA, Goodman K, Newstein D, Guerci AD: Prediction of coronary events with electron beam computed
tomography. J Am Coll Cardiol 36:1253–
1260, 2000
Wong ND, Hsu JC, Detrano RC, Diamond
G, Eisenberg H, Gardin JM: Coronary artery calcium evaluation by electron beam
computed tomography and its relation to
new cardiovascular events. Am J Cardiol
86:495– 498, 2000
Raggi P, Callister TQ, Cooil B, He ZX,
Russo DJ, Lippolis NJ, Zelinger A, Mahamarian JJ: Identification of patients at increased risk of first unheralded acute
myocardial infarction by electron beam
computed tomography. Circulation 101:
850 – 855, 2000
Kondos GT, Hoff JA, Sevrukov A, Daviglus ML, Garside DB, Devries SS, Chomka
EV, Liu K: Electron-beam tomography
coronary artery calcium and cardiac
events: a 37-month follow-up of 5,635
initially asymptomatic low to intermediate risk adults. Circulation 107:2571–
2576, 2003
Shaw LS, Raggi P, Schisterman E, Berman
DS, Callister TQ: Prognostic value of cardiac risk factors and coronary artery calcium screening for all cause mortality.
Radiology 228:826 – 833, 2003

DIABETES CARE, VOLUME 28, NUMBER 6, JUNE 2005

Downloaded from http://diabetesjournals.org/care/article-pdf/28/6/1445/660011/zdc00605001445.pdf by guest on 03 October 2022

5. Isomaa B, Almgren P, Tuomi T, Forsen B,
Lahti K, Nissen M, Taskinen MR, Groop
L: Cardiovascular morbidity and mortality associated with the metabolic syndrome. Diabetes Care 24:683– 689, 2001
6. Malik S, Wong ND, Franklin SS, Kamath
TV, L’Italien GJ, Pio JR, Williams GR:
Impact of the metabolic syndrome on
mortality from coronary heart disease, cardiovascular disease, and all causes in United
States Adults. Circulation 110:1245–1250,
2004
7. Flegal KM, Carroll MD, Ogden CL, Johnson CL: Prevalence and trends in obesity
among U.S. adults. JAMA 288:1723–1727,
2002
8. Ford ES, Giles WH, Dietz WH: Prevalence
of the metabolic syndrome among US
adults: findings from the third National
Health and Nutrition Examination Survey. JAMA 287:356 –359, 2002
9. Wong ND, Sciammarella M, MirandaPeats R, Whitcomb B, Gallagher A, Hachamovich R, Friedman J, Hayes S, Berman
DS: The metabolic syndrome, diabetes,
and subclinical atherosclerosis assessed
by coronary calcium. J Am Coll Cardiol 41:
1547–1553, 2003
10. Hachamovitch R, Hayes SW, Friedman
JD, Cohen I, Berman DS: Comparison of
the short-term survival benefit associated
with revascularization compared with
medical therapy in patients undergoing
stress myocardial perfusion single photon
emission computed tomography. Circulation 107:2900 –2906, 2003
11. Berman DS, Kiat H, Friedman JD, Wang
FP, van Train K, Matzer L, Maddahi J,
Germano G: Separate acquisition rest
thallium-201/stress technetium-99m sestamibi dual-isotope myocardial perfusion
single-photon emission computed tomography: a clinical validation study. J Am
Coll Cardiol 22:1455–1464, 1993
12. Ladenheim ML, Pollock BH, Rozanski A,
Berman DS, Staniloff HM, Forrester JS,
Diamond GA: Extent and severity of myocardial hypoperfusion as predictors of
prognosis in patients with suspected cor-

