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Abstract

Purpose To determine whether stress—rest myocardial
perfusion single-photon emission (MPS) computed tomog-
raphy improves coronary heart disease (CHD) risk classi-
fication in diabetic patients.

Methods In 822 consecutive diabetic patients, risk esti-
mates for a CHD event were categorized as 0% to <3%, 3%
to <5%, and >5% per year using Cox proportional hazards
models. Model 1 used traditional CHD risk factors and
electrocardiography (ECG) stress test data and model 2
used these variables plus MPS imaging data. We calculated
the net reclassification improvement (NRI) and compared
the distribution of risk using model 2 vs. model 1. CHD
death, myocardial infarction and unstable angina requiring
coronary revascularization were the outcome measures.
Results During follow-up (58+11 months), 148 events
occurred. Model 2 improved risk prediction compared to
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model 1 (NRI 0.25, 95% confidence interval, CI, 0.15-
0.34; p<0.001). Overall, 301 patients were reclassified to
a higher risk category, with an event rate of 28%, and 26
to a lower risk category, with an event rate of 15%.
Among patients at 3% to <5% risk, 53% were reclassified
at higher risk and 25% at lower risk (NRI 0.42, 95% CI
0.07-0.76; p<0.05). The cost per NRI was $880.80 for
MPS imaging as compared to an outpatient visit with an
ECG stress test.

Conclusion The addition of MPS imaging data to a
prediction model based on traditional risk factors and
ECG stress test data significantly improved CHD risk
classification in patients with diabetes.
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Introduction

Coronary heart disease (CHD) is the leading cause of
morbidity and mortality in patients with diabetes mellitus
[1-4]. The value of stress—rest myocardial perfusion single-
photon emission (MPS) computed tomography in the
evaluation of diabetic patients has been widely investigated
[5-8]. The American Diabetes Association guidelines
recommend testing patients with symptoms suspicious of
CHD and asymptomatic patients with two or more risk
factors [9]. However, the rates of MPS scans indicating a
high risk of CHD in patients with two or more risk factors
and in those with one risk factor have been reported to be
similar [10]. It has also been suggested that diabetic patients
with multiple risk factors have an incidence of cardiac
events of about 3% per year even in the absence of
symptoms [9]. The Impact of inDucible Ischemia by Stress
MPS (IDIS) trial [11] was designed to evaluate if, in
patients with diabetes, the use of an aggregate score
incorporating and weighting multiple risk factors could be
superior to an approach based on the number of risk factors
to define the patient’s risk. The concept of net reclassifica-
tion improvement (NRI), as a method for quantifying the
enhancement in risk estimation when an additional test is
added to a standard risk prediction model, has recently been
introduced [12]. This approach is rapidly being accepted for
evaluating the clinical utility of risk markers [13, 14].
However, at this time limited data are available on risk
reclassification by MPS imaging in patients with suspected
or known CHD [15]. The aim of the present study was to
evaluate the extent to which adding MPS imaging data to a
model based on traditional risk factors and electrocardiog-
raphy (ECGQG) stress test data correctly reclassifies the risk of
subsequent CHD events during a long-term follow-up in
diabetic patients participating in the IDIS trial.

Materials and methods
Study population

The study population included 996 consecutive diabetic
patients referred for MPS imaging as part of the IDIS
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investigation [11]. All patients had a history of type 2
diabetes of at least 5 years. Patients were excluded from
study enrolment for: (1) recurrent chest pain unresponsive
to anti-ischaemic medications; (2) recent acute coronary
syndrome, stroke or transient ischaemic attack (during the
previous 3 months); (3) uncompensated congestive heart
failure (New York Heart Association class III or IV) or
recent admission for congestive heart failure (during the
previous 3 months); (4) prior myocardial revascularization
procedures; (5) in patients unable to exercise, an absolute
contraindication to dipyridamole defined as ongoing
wheezing, greater than first-degree atrioventricular block
without a pacemaker, systolic blood pressure lower than
90 mmHg or recent (<24 h) use of dipyridamole or
xanthines (e.g. aminophylline, caffeine); or (6) a concom-
itant noncardiac illness that would limit follow-up for at
least 1 year. Also excluded were premenopausal women,
unless it could be documented that they were not pregnant
or lactating, and any patients unable to provide signed
informed consent. The ethics committees of the different
institutions approved the protocol and all patients provided
informed consent.

Risk factors

As part of the baseline examination [11], besides diabetes
and its complications (including neuropathy, nephropathy,
peripheral vascular disease and retinopathy), clinical teams
collected information on traditional cardiovascular risk
factors, including age, gender, presenting symptom, history
of CHD, blood pressure, smoking history, serum cholesterol,
family history of CHD, rest ECG characteristics and the
results of ECG stress testing (heart rate, blood pressure,
duration, magnitude and slope of ST segment changes and
exertional hypotension). From these clinical variables the ratio
of the annual expected mortality to the annual non-coronary
mortality was calculated for each patient as an aggregate
descriptor of the patient’s clinical CHD risk [16].

MPS imaging

All patients underwent same-day sestamibi stress—rest gated
MPS imaging under exercise or dipyridamole stress,
according to the recommendations of the European Asso-
ciation of Nuclear Medicine and European Society of
Cardiology [17] as previously described in detail [11]. For
both types of stress, heart rate, blood pressure and 12-lead
ECG data were recorded at rest, at the end of each stress
stage, at peak stress and in the delay phases at rest. Gated
MPS acquisition was performed using a dual head rotating
gamma camera equipped with a low-energy high-resolution
collimator and connected to a dedicated computer system.
No attenuation or scatter correction was used. Relative
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Table 1 Characteristics of
patients with and without events Characteristic Events (n=148) No events (n=674) p value
Age (mean+SD, years) 63+9 62+10 0.62
Male gender, n (%) 109 (74) 419 (62) <0.05
Hypercholesterolaemia, n (%) 93 (63) 365 (54) 0.14
Smoking, n (%) 64 (43) 248 (37) 0.46
Hypertension, n (%) 115 (77) 487 (72) 0.33
Family history of CHD, n (%) 46 (31) 203 (30) 0.96
Prior myocardial infarction, n (%) 70 (47) 229 (34) 0.07
Clinical CHD risk (mean+=SD) 1.6+1.2 1.2+0.6 <0.01
LVEF (mean+SD, %) 53+13 58+14 <0.001
Dipyridamole stress test, n (%) 69 (46) 286 (42) 0.64
CHD coronary heart discase, Abnormal MPS scan, n (%) 115 (77) 298 (44) <0.001
LVEF left ventricular ejection Summed stress score (mean+SD) 10£8 5.6£7 <0.001
fraction, MPS myocardial Summed rest score (mean+SD) 6.1+£7 3.4+5 <0.001
perfusion single-photon Summed difference score (mean+SD) 4.1+3 2.2+3 <0.001

emission computed tomography

perfusion distribution was analysed semiquantitatively
using standardized segmentation of 17 myocardial seg-
ments [18]. An automated software program (Cedars-Sinai
Medical Center, Los Angeles, CA) was used to calculate
left ventricular ejection fraction (LVEF) and the variables
incorporating both the extent and severity of perfusion
defects [19]. A scan was considered normal if the summed
stress score (SSS) was 3 or lower, mildly to moderately
abnormal if the SSS was between 4 and 10, and severely
abnormal if the SSS was more than 10, as previously
reported [20].

Follow-up

Patients were followed up by way of a questionnaire that
was completed by a phone call to all patients and/or general
practitioners or cardiologists, and by review of hospital or
physicians’ records by individuals blinded to the patients’
test results. The end-point was the first occurrence of a
major adverse cardiac event, including cardiac death,
nonfatal myocardial infarction and unstable angina requir-
ing coronary revascularization. Patients undergoing revas-
cularization within 60 days of MPS imaging were excluded
from the analysis. Cardiac death, defined as due to acute
myocardial infarction, ventricular arrhythmias, refractory
heart failure or cardiogenic shock, was confirmed by review

of the death certificate, hospital chart or physician’s
records. Nonfatal myocardial infarction was defined based
on the criteria including typical chest pain, elevated cardiac
enzyme levels and typical alterations of the ECG. Patients
experiencing noncardiac death during follow-up were
censored at the time of death. The date of the last
examination or consultation was used to the determine
follow-up period.

Statistical analyses

Continuous variables are expressed as means+SD and
categorical data as percentages. Groups were compared
using Student’s #-test, the chi-squared test or Fisher’s exact
test, as appropriate. A p value <0.05 was considered
statistically significant. Differences in annual event rate
were evaluated using a score test for trend using STATA
version 11.1 for Windows (Stata Corporation, College
Station, TX). The effects of variables on event-free survival
were evaluated using the stratified Cox proportional
hazards survival model, and the 95% confidence interval
(CI) was calculated. Stress type was treated as the
stratification variable. The proportional hazard assumption
of the Cox model was checked separately for the other
covariates using a graphical and analytical method before
performing the regression analysis. The proportional hazard

Table 2 Predictors of cardiac death, nonfatal myocardial infarction and coronary revascularization in the univariate and multivariate Cox analyses

Predictor Univariate hazards ratio p value Multivariate hazards ratio p value
(95% CI) (95% CI)
Clinical CHD risk 1.1 (1.02-1.12) <0.001 1.1 (1.01-1.12) <0.05
LVEF 0.97 (0.96-0.98) <0.001 Not applicable Nonsignificant
Abnormal MPS scan 4.2 (2.8-6.2) <0.001 4.5 (2.7-1.3) <0.001

CI confidence interval, other abbreviations as in Table 1
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Fig. 1 Prognostic value (chi-squared value on the y-axis) of MPS
imaging. The addition of MPS imaging data provides incremental
prognostic information to clinical risk and LVEF

assumption was not rejected for any covariate included in
the Cox model. The 5-year estimated risk of a CHD event
was calculated for each participant using two Cox models.
Model 1 considered for analysis the patient’s clinical CHD
risk. Model 2 used the patient’s clinical CHD risk plus the
MPS imaging data. The annual risk estimates were
categorized as 0% to less than 3%, 3% to less than 5%,
and 5% or more. Reclassification of a patient’s risk was
defined as correct or incorrect according to patient
outcome, and the NRI, defined as the difference between
correct and incorrect reclassification, was calculated [12].
Assuming independence between events and non-events
and following McNemar’s logic for significance testing in
correlated proportions, a simple asymptotic test for the null
hypothesis of NRI=0 was used (z test). Survival curves
were constructed using the Kaplan-Meier method to
account for censored survival times, and were compared
with the log-rank test. The incremental prognostic value of
prescan risk, LVEF and MPS imaging findings was
assessed considering these variables in hierarchical order.
Harrell’s C concordance statistic, which is defined as the
probability that predictions and outcomes are concordant,
was estimated to assess the predictive accuracy of different
models [21]. To estimate the cost per NRI, the incremental
cost of MPS imaging over clinical evaluation during an
outpatient visit with an ECG stress test was calculated as
proposed by Shaw et al. [15]. Procedural costs were
determined from the 2010 Medicare Physician Fee Schedule
for Current Procedural Terminology codes 93015 and 78452

and from the Medicare Outpatient PC Pricer System using
APC code 601 for a midlevel clinic visit.

Results
Study cohort and events

MPS imaging was performed in 996 patients. Follow-up
was successful in 952 patients (96%). Of these, 66 were
excluded due to early revascularization, leaving 822
patients available for analysis. During the follow-up (58=+
11 months), 148 major cardiac events occurred (18%
cumulative event rate). The events were cardiac death in
31 patients, myocardial infarction in 30 and revasculariza-
tion for unstable angina in 87. The characteristics of
patients with and without events are presented in Table 1.
Patients with events had higher clinical CHD risk, lower
LVEF and a higher prevalence of an abnormal MPS scan.

Survival analysis

The results of the univariate and multivariate Cox analyses
are presented in Table 2. In the multivariate analysis,
clinical CHD risk and an abnormal MPS scan were
independent predictors of major cardiac events. In the
incremental analysis, the addition of perfusion findings
significantly improved the prognostic power of the model
including clinical CHD risk and LVEF (Fig. 1), increasing
the global chi-squared value from 27 to 52 (p<0.001). The
Harrell’s C concordance statistic of the final model was
0.78 (95% CI 0.73 to 0.82). The annual event rate
according to the clinical CHD risk and MPS imaging is
shown in Fig. 2. As shown, the event rate progressively
increased as SSS increased (p for trend <0.001) in all risk
categories. Figure 3 shows the event-free survival curves in
the three different clinical CHD risk categories according to
the MPS imaging results. A separate analysis was
performed considering only cardiac death or nonfatal
myocardial infarction as end-points (Table 3). Clinical
CHD risk, LVEF and an abnormal MPS scan showed a
significant association with events in both the univariate
and multivariate analysis.

Fig. 2 Relationships among the Total patients
clinical risk categories, MPS (n=822)
imaging results and annual event f ; 1
rates (% person-year). SSS 0% to <3% 3% to <5% 25% Clinical risk
summed stress score (n=678) (n=91) (n=53)
I = 1 T { 1 I % 1
$8S0-3  $S84-10  SSS>10 $SS0-3  $SS4-10  SSS>10 $SS0-3  $SS4-10  SSS>10 MPS
(n =352) (n=182) (n=144) (n=236) (n=24) (n=31) (n=21) (n=7) (n=25)
v v + + + + v v v

1.8% 6.0% 8.4%
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Fig. 3 Kaplan-Meier event-free survival curves for patients in the
clinical risk categories 0% to <3% (a), 3% to <5% (b) and >5% (c)
with a normal (summed stress score <3) or an abnormal (summed
stress score >3) MPS scan

Risk reclassification

A crosstabulation of the estimated risk for major cardiac
events using the models with and without MPS imaging
data is shown in Table 4. The addition of MPS imaging
data resulted in reclassification of 40% of the patients with

a NRI of 0.25 (95% CI 0.15-0.34; p<0.001). Overall, 301
patients were reclassified to a higher risk category, with an
event rate of 28%, and 26 patients to a lower risk category,
with an event rate of 15%. When MPS imaging data were
added to the predictive model, 120 were reclassified as
>5% risk and 38 (32%) of them experienced events.
Conversely, 23 patients were reclassified as 0% to <3%
risk, of whom 4 (17%) had events. Considering the 91
patients at 3% to <5% clinical CHD risk, 48 (53%) were
reclassified as higher risk, while 23 (25%) were reclassified
as lower risk (NRI 0.42, 95% CI 0.07 to 0.76; p<0.05). Of
the 28 events that occurred in patients at 3% to <5% clinical
CHD risk, 71% were among those reclassified as higher
risk, whereas 14% were among those reclassified as lower
risk.

The risk stratification capacity of a MPS-adjusted model
is shown in Fig. 4. Including MPS in the model places 45%
of the overall population into either 3% to <5% or >5% risk
categories, compared with 17% with clinical CHD risk
alone. Figure 5 shows the event rate for each risk category
before and after reclassification. When only clinical CHD
risk was considered, there was no correlation between event
rate and risk category (p for trend nonsignificant). After
reclassification, the event rate progressively increased with
worsening of risk category (p for trend <0.001).

Incremental cost effectiveness analysis

For each patient, the incremental cost for a stress-rest MPS
study was an added $220.20 when compared to an
outpatient visit with an ECG stress test (i.e. $298.83 —
$78.63). The cost per NRI for a MPS was $880.80 in the
overall study population and $524.28 in patients at 3% to
<5% clinical CHD risk (Table 5).

Discussion

The main finding of this prospective multicentre trial was
that in diabetic patients referred for MPS imaging, the
addition of perfusion data to clinical risk factors resulted in
a significant improvement in the classification of risk for
the prediction of cardiac events during a long-term follow-
up. The patients in the 3% to <5% clinical risk category
achieved a substantially higher NRI than the overall cohort,
and therefore patients in this category appear to be those
who would benefit the most from a strategy that includes
MPS data.

CHD risk in diabetic patients

According to the recommendations of the American Heart
Association, diabetic patients should be considered as at

@ Springer
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Table 3 Predictors of cardiac
death and nonfatal myocardial
infarction in the univariate and

multivariate Cox analyses

Abbreviations as in Tables 1 and

Predictor Univariate hazards p value Multivariate hazards p value
ratio (95% CI) ratio (95% CI)

Clinical CHD risk 1.5 (1.05-2.17) <0.05 1.4 (1.0-2.1) <0.05

LVEF 0.96 (0.93-0.97) <0.001 0.97 (0.95-0.99) <0.005

Abnormal MPS scan 3.2 (1.8-5.7) <0.001 2.2 (1.1-4.6) <0.05

2

equivalent risk to CHD patients [22]. However, recent
published data do not support this hypothesis [23, 24]. In
particular, the findings of the Detection of Ischemia in
Asymptomatic Diabetics (DIAD) outcome studies indicate
that a substantial proportion of the population can be
defined as having intermediate/high baseline cardiovascular
risk, but their annual cardiac event rate is low and not
altered by routine screening for inducible ischaemia [25,
26]. It has also been demonstrated that patients with
diabetes without prior myocardial infarction have a 43%
lower risk of developing total cardiovascular events
compared to patients without diabetes with previous
myocardial infarction [23]. Thus, published data demon-
strate that diabetic patients show widely varying cardiovas-
cular risk. In fact, while many patients with diabetes have
increased cardiovascular risk compared to the general
population, there is a subset that have a very low cardiovas-
cular risk and an large subset that have an extremely high risk
[24]. These findings suggest that an individual approach
seems necessary in determining CHD risk in diabetic
patients.

In the present investigation we used an aggregate
descriptor incorporating and weighting multiple risk fac-
tors, as well as the results of ECG stress testing, to

categorize the patients’ clinical risk. In our study popula-
tion, the prevalence of patients showing perfusion abnor-
malities was 50% and the MPS imaging results provided
incremental prognostic information over clinical CHD risk
and LVEF. The presence of perfusion abnormalities and the
extent and severity of these abnormalities were strong
predictors of subsequent cardiac events. MPS imaging data
provided independent prognostic information even when
only cardiac death or nonfatal myocardial infarction was
considered as the end-point. These results seem to indicate
that many diabetic patients may benefit from risk assess-
ment by MPS imaging and are in agreement with those of
previous studies [6—8, 27]. On the other hand, the DIAD
study showed a much lower percentage of abnormal MPS
images (16%) in a selected population of asymptomatic
diabetic patients [25].

Risk reclassification

In clinical prognostic models, risk stratification is important
for advising patients and making treatment decisions. The
distribution of predicted values for each model separately,
or the marginal distribution, may indicate how many
patients should be classified into each risk category but

Table 4 Estimated risk of CHD events predicted by models with and without MPS imaging data

Estimated risk in model
without MPS imaging data

Estimated risk in model with
MPS imaging data

Reclassified

0% to <3% 3% to <5% >5% Overall Higher risk Lower risk

0% to <3% Number of patients 425 181 72 678

Events 44 46 18 108 64 Not applicable

No events 381 135 54 570 189 Not applicable
3% to <5% Number of patients 23 20 48 91

Events 4 4 20 28 20 4

No events 19 16 28 63 28 19
>5% Number of patients 0 50 53

Events 0 12 12 Not applicable

No events 0 38 41 Not applicable 3
Overall Number of patients 448 204 170 822

Events 48 50 50 148 84 4

No events 400 154 120 674 217 22

The net reclassification improvement was 0.25 (95% CI 0.15 to 0.34; p<0.001).
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Fig. 4 Distribution of patients within each risk category in the model
including clinical risk factors vs. the model including clinical risk
factors plus MPS imaging data

not whether this is done correctly [28]. It is also not
possible to determine which of the two models is better at
classifying individuals, or if individual risk estimates differ
between the two models. One way of evaluating this is to
examine the joint distribution through risk reclassification
as a novel marker of a test’s incremental value. Although
net reclassification in risk has been applied in the setting of
cardiovascular screening in apparently healthy subjects [29,
30] and in patients with suspected or known CHD [15],
previous studies have not utilized this approach for the
evaluation of risk in diabetic patients. In the present study,
diabetic patients were classified according to pretest clinical
variables and reclassified on the basis of MPS findings. The
difference between correct and incorrect reclassification
according to patients outcome was defined as the net
change in reclassifications. Our findings demonstrate that
the addition of MPS imaging data resulted in reclassifica-
tion of 40% of the sample with a NRI of 0.25. A substantial
number of patients (37%) were reclassified to a higher risk
category and experienced a high event rate (28%). In the
subset of patients in the 3% to <5% clinical risk category,
the NRI was higher than the overall cohort and of the 28
events that occurred among these patients the majority
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N w
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_
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Fig. 5 Distribution of events within each risk category in the model
including clinical risk factors vs. the model including clinical risk
factors plus MPS imaging data

Table 5 Incremental cost per NRI for a MPS

Incremental cost/NRI

$220.20/0.25=$880.80
$220.20/0.42=$524.28

All patients
Patients at 3% to <5% clinical CHD risk

(71%) were among those reclassified as higher risk.
Therefore, patients in this category appear to be those
who would benefit the most from a strategy that includes
MPS data.

Cost-effectiveness analysis

The cost per NRI for an MPS scan as compared to an
outpatient visit with ECG stress test was $880.80 in the
overall study population and $524.28 in patients with a
CHD risk of 3% to <5%. Although this novel cost-
effectiveness methodology has not yet been standardized,
this approach may provide evidence for assessing the value
or discriminating appropriate utilization of clinical resour-
ces. It should be considered that induced costs are
important in developing any cost-effectiveness metric.
However, employing the calculation of cost per NRI in
diverse patient populations and across multiple modalities
would help validate this metric and would allow compar-
ison of the cost effectiveness of risk assessment strategies in
different study populations [21]. The results of the present
study could also be useful to guide resource utilization in a
“real-world” population of diabetic patients referred for MPS
imaging such as that prospectively enrolled in the IDIS trial.
The relative contribution of MPS imaging variables in step-
wise modelling reveals that improvement in CHD risk
prediction also remains possible in a population at high
cardiovascular risk such as diabetic patients.

Study limitations

In our study population about 35% of patients had previous
myocardial infarction. However, it should be considered
that the aim of this study was to determine whether adding
MPS imaging data to a prediction model based on
traditional risk factors improves classification of risk in a
large prospective registry of consecutive diabetic patients
undergoing MPS imaging. Moreover, autopsy studies have
shown a prevalence of CHD in decedents with diabetes but
without antemortem evidence of CHD ranging from 50% to
75% [31]. Thus, the convenient epidemiological separation
between primary and secondary prevention has significant
limitations in people with diabetes [32]. Another potential
limitation is that in the IDIS trial, the MPS imaging results
were revealed to participants and their physicians. This
could have affected our results. Patients with a high SSS on
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MPS imaging may have had more intensive medical
treatment, thereby reducing the number of events and
decreasing the NRI. It is also possible that with a longer
follow-up and additional events, our results could change.

Conclusion

This prospective multicentre study demonstrated that the
addition of MPS imaging data to a prediction model based
on traditional risk factors and ECG stress test data
significantly improves the classification of risk in diabetic
patients during a long-term follow-up and places more
individuals in higher risk categories. Thus, a strategy that
includes MPS data would appear to be useful to refine risk
estimation in diabetic subjects referred for MPS imaging.

Conflicts of interest None.
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