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Purpose: To evaluate the prognostic value of myocardial perfusion PET in patients with and patients without diabetes mellitus.

Materials and Methods: The authors performed a retrospective analysis of prospectively acquired data from a multicenter registry cohort 
of 7061 patients, including 1966 with diabetes mellitus, who underwent clinically indicated rest-stress rubidium 82 (82Rb) myocardial 
perfusion PET. The mean patient age (6standard deviation) was 63.3 years 6 13. Of the 7061 patients, 3348 were women (47.4%), 
2296 (32.5%) had known coronary artery disease, and 1895 (26.8%) had previously undergone revascularization. The primary end 
point was cardiac death (n = 169) assessed at a mean of 2.5 years 6 1.5. The authors used Cox proportional hazards models and risk 
reclassification measures stratified according to diabetes status.

Results: In multivariable models adjusting for established clinical predictors, increasing magnitude of stress myocardial perfusion ab-
normality was associated with greater risk of cardiac death in patients with diabetes (hazard ratio [HR]: 7.2; 95% confidence interval 
[CI]: 3.1, 16.8) for severely abnormal myocardium compared with normal myocardium. The addition of stress myocardial perfusion 
imaging results significantly improved the fit of a clinical model for predicting cardiac death in patients with and patients without 
diabetes. Myocardial perfusion PET improved risk reclassification for cardiac death in patients with diabetes (category-based net reclas-
sification index: 0.39; 95% CI: 0.15, 0.60, P , .001). Among diabetic patients, an abnormal myocardial perfusion PET scan was as-
sociated with increased risk of cardiac death (HR: 4.4; 95% CI: 2.0, 9.7) in all important clinical subgroups based on age, sex, obesity, 
or prior revascularization.

Conclusion: In a large cohort of patients referred for clinical 82Rb stress PET, myocardial perfusion imaging results provided incremental 
risk prediction of cardiac death in patients with and patients without diabetes mellitus.

© RSNA, 2019

Supplemental material is available for this article.

Diabetes affects an estimated 20 million adult Americans, 
with a projected worldwide prevalence of 552 million 

by the year 2030, and is a devastating pandemic and a ma-
jor risk factor for coronary artery disease and myocardial 
infarction. It is a leading cause of mortality from cardio-
vascular diseases (1) and is often considered equivalent to 
myocardial infarction (2). Although mortality from car-
diovascular diseases has declined steeply and continuously 
in the general population during the past 40 years, this 
benefit was not constantly observed among patients with 
diabetes (3–5)—especially in women and younger patients 
(4,6). Importantly, not all patients with diabetes display a 
similarly heightened hazard (7), making risk stratification 
among patients with diabetes a clinically important goal 
(8,9).

SPECT is a well-established method for evaluating di-
agnosis and prognosis among patients suspected of having 
or known to have coronary heart disease (10). Abnormal 
SPECT myocardial perfusion is associated with worse clin-
ical outcomes in both patients with and patients without 

diabetes (11,12). Myocardial perfusion PET, with superior 
diagnostic accuracy and lower radiation exposure, is in-
creasingly used in more than 200 centers across the United 
States (13–15). Several analyses have established the di-
agnostic and prognostic utility of myocardial perfusion 
PET in patients with coronary artery disease (13,15,16). 
However, given the heightened risk of cardiac death among 
patients with diabetes, it is unknown whether myocardial 
perfusion PET would have incremental value for risk strat-
ification in this higher risk group.

Our objective was to assess the prognostic value of 
stress myocardial perfusion PET in patients with diabetes, 
including clinically important subgroups based on age, 
sex, and obesity. We also compared the prognostic per-
formance of myocardial perfusion PET between patients 
with and patients without diabetes. Our aim was to test the 
hypotheses that, among patients with diabetes, abnormal 
myocardial perfusion PET would (a) provide incremental 
prognostic information about cardiac death and (b) further 
stratify risk among women and younger patients.
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tained. The secondary end point was all-cause death (n = 570) 
and was determined at all four centers.

Statistical Analysis
Standard data analysis methods were used for data description 
and comparison, including comparisons of categorical variables 
with x2 statistics and comparisons of continuous measures with 
the Student t test. Two-sided P , .05 was considered indicative 
of a significant difference.

Event rates were estimated based on duration of follow-up 
and expressed per 100 patient-years of follow-up. Cox propor-
tional hazard models were used to assess the association between 
myocardial perfusion imaging results and death and between 
diabetes and death. A multivariable model previously used in the 
overall cohort (17) was used as a starting point to select a more 
parsimonious model that would reduce overfitting. The initial 
multivariable model included age, sex, body mass index, hy-
pertension, high cholesterol level, smoking, angina, or dyspnea 
as indications for the test, beta-blockers, resting heart rate, and 
prior revascularization procedure. The final model retained only 
variables that were statistically significant in the overall cohort 
and included age, sex, high cholesterol level, smoking, angina 
or dyspnea, and resting heart rate. We studied several interac-
tions, including age, sex, obesity, angina symptoms, and prior 
revascularization.

To assess the incremental prognostic value of myocardial 
perfusion PET, we compared a multivariable clinical model to 
a model with clinical variables and percentage abnormal stress 
myocardium using net reclassification improvement (continu-
ous [18] and category-based [1%, 5%, and 10% cardiac death at 
2 years]), model x2, Harrell C statistic, and Akaike information 
criteria.

P , .05 was considered indicative of a statistically signifi-
cant difference. All analyses were performed with Stata 12.1 
(StataCorp, College Station, Tex) and R 3.1.0 (R Foundation 
for Statistical Computing, Vienna, Austria, http://www.R-project.org) 
software.

Results
Baseline characteristics and myocardial perfusion imaging 
results for all patients and according to diabetes category are 
shown in Table 1. Of the 7061 patients, 1966 (27.8%) had 
diabetes. Compared with those without diabetes, patients with 
diabetes were older and more likely to be obese, have hyperten-
sion, have high cholesterol, have known coronary artery dis-
ease, and have undergone prior revascularization procedures. 
They were also more likely to be on aspirin, lipid-lowering 
medications, beta-blockers, and angiotensin-converting en-
zyme inhibitors than patients without diabetes.

Overall, 3109 of the 7061 patients (44.0%) had a normal 
myocardial perfusion study and 659 (9.3%) had a severely ab-
normal scan (20% myocardium abnormal). Compared with 
those without diabetes, patients with diabetes were less likely to 
have normal scans (47.0% and 36.4%, respectively) and more 
likely to have severely abnormal scans (7.7% and 13.5%) (P , 
.001) (Table 1).

Materials and Methods
This analysis is based on data from a four-center myocardial 
perfusion PET registry that has been previously described (17). 
Briefly, 7061 patients were prospectively enrolled at four expert 
centers participating in this registry when referred for a clini-
cally indicated rubidium 82 (82Rb) myocardial perfusion PET 
and followed up for all-cause death and cardiac death. Stan-
dardized methods for data collection of clinical history, risk 
factors, medication usage, and stress data were applied at each 
center. For the purpose of this analysis, diabetes was based on 
self-reported diagnosis or use of antidiabetes therapy (insulin 
or oral agents). All participating centers had institutional re-
view board approval for the study.

Bracco and Astellas provided partial funding for the initial 
PET registry study. The current analysis is an independent 
analysis conducted and performed by the PET registry inves-
tigators. Investigators and authors had complete control of the 
data and the information submitted for publication.

82Rb Myocardial Perfusion PET
All patients underwent 82Rb myocardial perfusion PET with 
dedicated PET or hybrid PET/CT scanners according to con-
ventional protocols, as previously reported (17). Rest and stress 
images were scored using the 17-segment scoring system, and 
the percentage of abnormal myocardium at stress was deter-
mined from the summed stress score. The summed difference 
score (difference between stress and rest scores) was used to 
indicate the percentage of ischemic myocardium. Each stress 
scan was categorized according to the percentage of abnormal 
myocardium at stress as follows: 0%, normal; 0.1%–9.9%, 
mildly abnormal; 10%–19.9%, moderately abnormal; and 
20% or greater, severely abnormal. This analysis is primarily 
based on the percentage of abnormal myocardium at stress un-
less specifically stated otherwise.

Follow-up and Study End Points
Follow-up findings were ascertained from medical records and 
Social Security Death Index. Cardiac death was the primary 
end point for this analysis and occurred in 169 of 6037 pa-
tients from three centers where the cause of death was ascer-

Abbreviations
CI = confidence interval, HR = hazard ratio

Summary
In this large cohort including nearly 2000 patients with diabetes, 
myocardial perfusion PET results provide powerful and incremental 
prognostic information with appropriate reclassification improve-
ment in 39% of patients with diabetes.

Key Points
 n Patients with diabetes derive significantly improved risk reclassifi-

cation with myocardial perfusion PET.
 n Women and younger patients with diabetes remain at higher risk 

of cardiovascular death despite normal myocardial perfusion and 
might need additional risk stratification methods. 

http://radiology-cti.rsna.org
http://www.R-project.org


Radiology: Cardiothoracic Imaging Volume 1: Number 2—2019 n rcti.rsna.org 3

Skali et al

up) as well as higher adjusted hazard ratios (HRs). Annual-
ized cardiac and all-cause death rates (adjusted or unadjusted) 
increased linearly as a function of scan abnormality in both 
patients with and patients without diabetes (Fig 1). For any de-
gree of myocardial perfusion imaging abnormality, the cardiac 
death rate was uniformly higher in patients with diabetes than 
in those without diabetes (P for interaction = .20, Fig 1).  

In univariable analyses, clinical variables that were signifi-
cantly associated with a higher risk of cardiac death among 

Outcomes Analysis
The cause of death was assessed during a mean follow-up of 
2.5 years in 1651 patients with and 4386 patients without 
diabetes. The primary end point of cardiac death occurred in 
82 of the 1651 patients with diabetes (5.0%) and 87 of the 
4386 patients without diabetes (2.0%). Compared with those 
without diabetes, patients with diabetes had higher rates of car-
diac death (2.2 vs 0.7 per 100 patient-years of follow-up) and 
all-cause mortality (5.4 vs 2.5 per 100 patient-years of follow-

Table 1: Baseline Characteristics

Characteristic
All Patients  
(n = 7061)

Patients without Diabetes  
(n = 5095) 

Patients with Diabetes  
(n = 1966) P Value

Mean age (y) 63.34 6 13.05 62.92 6 13.41 64.45 6 11.98 ,.001
No. of women 3348 (47.4) 2422 (47.5) 926 (47.1) .74
Mean BMI (kg/m2) 30.15 6 7.31 29.18 6 6.78 32.69 6 7.99 ,.001
Symptoms 4549 (64.4) 3301 (64.8) 1248 (63.5) .30
Risk factors
 Obesity 3000 (42.5) 1861 (36.5) 1139 (57.9) ,.001
 Smoking 1526 (21.6) 1113 (21.8) 413 (21.0) .44
 Hypertension 4792 (67.9) 3179 (62.4) 1613 (82.0) ,.001
 High cholesterol level 4509 (63.9) 3106 (61.0) 1403 (71.4) ,.001
 Known CAD 2296 (32.5) 1459 (28.6) 837 (42.6) ,.001
Medications
 Beta-blocker 3382 (47.9) 2264 (44.4) 1118 (56.9) ,.001
 Aspirin 3101 (43.9) 2172 (42.6) 929 (47.3) ,.001
 ACE-I 2432 (34.4) 1504 (29.5) 928 (47.2) ,.001
 Lipid-lowering therapies 3899 (55.2) 2572 (50.5) 1327 (67.5) ,.001
 Diabetic medications 1398 (19.8) 0 (0.0) 1398 (71.1) ,.001
Prior coronary revascularization 1895 (26.8) 1184 (23.2) 711 (36.2) ,.001
PCI 1226 (17.4) 798 (15.7) 428 (21.8) ,.001
CABG 953 (13.5) 557 (10.9) 396 (20.1) ,.001
Rest hemodynamics*
 Median heart rate (bpm) 67 (60, 75) 66 (59, 75) 69 (61, 77) ,.001
 Median SBP (mm Hg) 132 (117, 149) 130 (115, 147) 137 (121, 155) ,.001
 Median DBP (mm Hg) 72 (64, 80) 72 (64, 80) 72 (63, 80) .49
 Median LVEF (%) 62 (51, 71) n = 3117 63 (52, 72) n = 2096 61 (49, 70) n = 1021 ,.001
Percentage myocardium abnormal ,.001
 0% 3109 (44.0) 2394 (47.0) 715 (36.4)
 0.1%–9.9% 2605 (36.9) 1888 (37.1) 717 (36.5)
 10.0%–19.9% 688 (9.7) 419 (8.2) 269 (13.7)
 20% 659 (9.3) 394 (7.7) 265 (13.5)
Percentage myocardium ischemic ,.001
 0% 4646 (65.8) 3514 (69.0) 1132 (57.6)
 0.1%–9.9% 1790 (25.4) 1201 (23.6) 589 (30.0)
 10.0%–19.9% 389 (5.5) 234 (4.6) 155 (7.9)
 20% 236 (3.3) 146 (2.9) 90 (4.6)

Note.—Except where indicated, data are numbers of patients, with percentages in parentheses. ACE-I = angiotensin-convert-
ing enzyme inhibitors, BMI = body mass index, CABG = coronary artery bypass graft, CAD = coronary artery disease, DBP 
= diastolic blood pressure, LVEF = left ventricular ejection fraction, PCI = percutaneous coronary intervention, SBP = systolic 
blood pressure.
* Numbers in parentheses are the 25th and 75th percentiles.
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severely abnormal scans (20% abnormal myocardium) had 
a sevenfold increase in the risk of cardiac death compared 
with those with normal scans in multivariable model analyses 
(Table 2). The results for the secondary end point of all-cause 
death were very similar (Fig 1). Additional analyses using 
the expanded multivariable models previously described also 
showed similar results (Tables E1, E2 [supplement]).

Incremental Prognostic Value
The addition of the degree of stress scan abnormality to a previ-
ously validated clinical model significantly improved the good-

patients with diabetes included older age, female sex, lower 
body mass index, smoking, lack of anginal symptoms, and 
prior revascularization. In both univariable and multivariable 
analyses adjusting for age, female sex, high cholesterol level, 
smoking, symptoms, and resting heart rate, a greater magni-
tude of scan abnormality was associated with a significantly 
higher risk of cardiac death (Table 2, Fig 1). Even a mildly 
abnormal scan was associated with an increased risk of cardiac 
death in both patients with (HR: 2.95; 95% confidence in-
terval [CI]: 1.29, 6.75) and patients without (HR: 1.86; 95% 
CI: 0.97, 3.55) diabetes (Table 2). Patients with diabetes and 

Figure 1: Bar charts show annualized rates of, A, cardiac death and, B, all-cause death stratified according to percentage abnormal stress myocardium category in 
patients without and patients with diabetes. Within each scan category, patients with diabetes demonstrated a higher risk of cardiac death and all-cause death than did 
patients without diabetes. The risk of cardiac death and all-cause death increased significantly with worsening scan category. Numbers in parentheses are 95% confidence 
intervals. HR = hazard ratio, ns = not significant.

Table 2: Multivariable Cox Models for Cardiac Death in Patients without and Patients with Diabetes

Variable

Patients without Diabetes Patients with Diabetes

HR 95% CI P Value HR 95% CI P Value

Age (per 10-year increase) 2.10 1.72, 2.57 <.001 1.76 1.42, 2.18 <.001
Female sex 0.44 0.27, 0.73 <.001 0.80 0.50, 1.28 .36
High cholesterol level 0.51 0.33, 0.79 <.001 0.78 0.49, 1.26 .32
Smoking 1.46 0.88, 2.41 .14 1.95 1.20, 3.18 .01
Symptoms 0.88 0.57, 1.36 .57 0.62 0.40, 0.97 .04
Resting heart rate (per 10 bpm increase) 1.52 1.32, 1.75 <.001 1.13 0.96, 1.34 .14
Percentage myocardium abnormal* 
 0.1%–9.9% 1.86 0.97, 3.55 .06 2.95 1.29, 6.75 .01
 10.0%–19.9% 4.58 2.16, 9.71 <.001 5.28 2.18, 12.78 <.001
 20% 8.13 4.17, 15.84 <.001 7.19 3.07, 16.83 <.001

Note.—CI = confidence interval, HR = hazard ratio.
* Reference group = 0%.
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each category of percentage abnormal stress myocardium (HR 
for men vs women: 2.2; 95% CI: 1.3, 3.6); however, diabetic 
women demonstrated a similar risk to diabetic men (HR for 
men vs women: 1.2; 95% CI: 0.8, 2.0) (Fig 2). Higher percent-
age myocardium abnormal at stress remained a strong predic-
tor of higher cardiac death rate among men and women in 
both patients with and patients without diabetes.

Age- and diabetes-stratified analyses showed that younger 
patients with diabetes (age ,55 years) and a normal scan had 
an adjusted cardiac death rate of 0.27 per 100 patient-years 
of follow-up, which is similar to that of older patients with 
normal scan results and without diabetes (age, 65–74 years). 
In fact, for each category of abnormal myocardium, the cardiac 

ness-of-fit and reclassification metrics in both patients with and 
patients without diabetes (Table 3). With use of risk categories 
for cardiac death of less than 1%, 1%–5%, 5%–10%, and 
greater than 10% at 2 years, the addition of percentage abnor-
mal stress myocardium information to a clinical model yielded 
a net reclassification improvement of 39% (P , .001) in pa-
tients with diabetes as well as an increase in the Harrell C statis-
tic and a decrease in Akaike information criterion, suggesting 
improved model fit (Table 3). Moreover, reclassification was 
improved both for events (cases) (net reclassification improve-
ment for events, 0.27) and nonevents (controls) (net reclassifi-
cation improvement for nonevents, 0.12) in patients with and 
patients without diabetes (net reclassification improvement for 
events, 0.14) and nonevents (net 
reclassification improvement for 
nonevents, 0.07).

Subgroup Analyses
In multivariable risk-adjusted 
analyses stratified according to 
sex, diabetes was associated with 
an increased risk of cardiac death 
in both men (HR: 1.9; 95% CI: 
1.3, 2.8) and women (HR: 2.7; 
95% CI: 1.5, 4.9), without evi-
dence of a statistical interaction 
with scan results (P for interac-
tion = .21). Among patients 
without diabetes, men consis-
tently demonstrated a higher 
adjusted risk of cardiac death at 

Figure 2: Bar charts show risk-adjusted annualized cardiac death rate in women and men, A, without and, B, with diabetes stratified according to percentage abnor-
mal stress myocardium category. In patients without diabetes, women showed a lower risk of cardiac death than men for each scan category. In patients with diabetes, the 
risk of cardiac death was similar for women and men. Numbers in parentheses are 95% confidence intervals. HR = hazard ratio.

Table 3: Reclassification Measures Associated with Addition of Myocardial Perfusion 
PET Information in Multivariable Models

Model

Patients without Diabetes Patients with Diabetes

Clinical 
Model

Clinical Model and 
PET

Clinical 
Model

Clinical Model and 
PET

Category-based NRI* … 0.21 (0.04, 0.49) … 0.39 (0.15, 0.60)
Continuous NRI … 0.50 (0.32, 0.85) … 0.41 (0.29, 0.82)
x2 132 179 53 83
AIC 1269 1228 1095 1072
Harrell C statistic 0.815 0.859 0.725 0.776

Note.—Data in parentheses are 95% confidence intervals. AIC = Akaike information criterion, 
NRI = net reclassification index. The variables in the clinical model are age, sex, high cholesterol, 
smoking, symptoms, and resting heart rate.
* Risk categories for cardiac death are less than 1%, 1%–5%, 5%–10%, and greater than 10% or 
more at 2 years.

http://radiology-cti.rsna.org
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death rate of young diabetic patients 
(,55 years) was similar to that of 
older patients without diabetes (65–74 
years) (Fig E1 [supplement]). Among 
patients without diabetes, there was 
an interaction between age and sever-
ity of abnormal perfusion, such that 
there was a greater increased risk due 
to abnormal perfusion at younger ages 
than at older ages (P for interaction = 
.04). We did not observe this interac-
tion among patients with diabetes; 
within each age group, young and old, 
a more abnormal myocardial perfusion 
scan was associated with a higher risk 
of cardiac death (Fig E1 [supplement]).

Overall, in clinically relevant dia-
betic subgroups an abnormal stress 
myocardial perfusion PET result was 
associated with an overall higher risk of 
cardiac death (HR: 4.4; 95% CI: 2.0, 
9.7; P , .001) without any significant 
interactions with sex, obesity, prior re-
vascularization, age category, or lack of 
symptoms (Fig 3).

Discussion
In our study, the largest study of pa-
tients undergoing clinical 82Rb stress 
myocardial perfusion PET to our 
knowledge, we demonstrated that 
perfusion scan results provide power-
ful prognostic information, as well as 
similarly improved reclassification, 
in patients with and patients without 
diabetes. Our analyses show several 
additional findings. First, we showed 
that patients with diabetes were more 
likely to have moderately and severely 
abnormal PET myocardial perfusion 
imaging results and that the severity of 
abnormal perfusion is directly associ-
ated with a higher risk of cardiac death. 
Second, at each degree of scan abnormality, including normal 
scans, patients with diabetes had a twofold increased hazard of 
cardiac death compared to patients without diabetes. Further-
more, we showed that for each category of stress myocardial 
perfusion imaging abnormality, the risk of cardiac death in 
women with diabetes was as high as that in men with diabe-
tes. Conversely, women without diabetes demonstrated a lower 
risk of cardiac death than men without diabetes with normal, 
mildly abnormal, moderately abnormal, or severely abnormal 
scans. Finally, for similar scan results, the risk of cardiac death 
in younger patients with diabetes was comparable to that of 
nondiabetic patients who were 10–15 years older.

Although myocardial perfusion PET is an established high-
quality examination for risk stratification and diagnosis of 

coronary disease in the general population, it has not been exten-
sively evaluated specifically in patients with diabetes. Other stud-
ies have evaluated the prognostic value of myocardial perfusion 
SPECT (11,19–21) in patients with diabetes, but, to our knowl-
edge, this is the largest prognostic study of patients with diabetes 
(n = 1966) undergoing pharmacological stress 82Rb myocardial 
perfusion PET.

The risk of cardiac death is significantly higher in patients 
with diabetes compared to those without (22,23), and it is im-
portant to establish if myocardial perfusion PET continues to 
provide incremental prognostic information in this high-risk 
population. Accordingly, identification of ischemic heart dis-
ease and risk stratification with a goal to institute appropriate 
therapies or interventions to reduce the cardiac death rate may 

Figure 3: Risk of cardiac death with abnormal stress myocardial perfusion imaging (MPI) in important clini-
cal subgroups among patients with diabetes. The overall hazard ratio (HR) for cardiac death associated with an 
abnormal myocardial perfusion imaging in patients with diabetes was 4.4 (95% confidence interval: 2.0, 9.7). This 
risk was not significantly different among the various subgroups tested, including sex, obesity, prior revascularization, 
age category, or lack of symptoms. BMI = body mass index. Green solid line indicates HR of 1. Yellow dashed line 
indicates overall HR for abnormal MPI. P value is for interaction between subgroup and abnormal MPI.
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prove beneficial in this population. In our analyses, we show 
that in each degree of scan abnormality, diabetes was associated 
with a doubling in the risk of cardiac death. Giri et al (11), how-
ever, showed similar survival between patients with (n = 929, 
19.5%) and patients without diabetes in multivariable models 
adjusting for pretest clinical risk and stress myocardial perfu-
sion SPECT results. Despite this lack of association between 
diabetes and cardiac death risk in multivariable models, which 
could be explained by statistical model specificity, SPECT per-
fusion abnormalities were associated with an increased risk of 
cardiac death in patients with and patients without diabetes. In 
a study of 463 patients (44% with diabetes), Kang et al (12) 
showed that dual-isotope SPECT had similar sensitivity and 
specificity for angiographically proven coronary artery disease 
in patients with and patients without diabetes. These studies, 
however, did not specifically address the incremental prognos-
tic value of myocardial perfusion SPECT in patients with dia-
betes. The results of our analyses confirm that abnormal stress 
myocardial perfusion PET is prognostically associated with an 
increased risk of cardiac death in patients with diabetes but 
further establish that, overall, 39% of patients with diabetes are 
appropriately reclassified in a better and/or lower risk category.

Reports of a differential prognostic effect of SPECT perfusion 
results in men and women have been previously published and 
justifiably enhanced our goal of better risk stratification among 
women. Diabetes has been described as an important prognostic 
marker such that women with diabetes are at higher risk of car-
diac death than any other group (women without diabetes, men 
with and without diabetes), regardless of the degree of myocar-
dial perfusion SPECT abnormality (19). The prognostic value 
of myocardial perfusion PET is similar in men and women (24). 
However, when further stratified according to diabetes status, 
our analyses showed that although nondiabetic women were at 
a significantly lower risk of cardiac death than nondiabetic men, 
this “advantage” seems to be erased in the presence of diabetes. 
Indeed, at every degree of abnormal myocardial perfusion, the 
risk of cardiac death in diabetic women was similar to that of 
diabetic men. Diabetes was associated with a slightly higher HR 
for cardiac death in women than in men, but this difference was 
not statistically significant. It is important to note that although 
the diagnostic accuracy of myocardial perfusion PET is overall 
higher than that of SPECT, it appears to be specifically more ac-
curate in women as well (accuracy rate: 89% for PET and 67% 
for SPECT; P = .009) (16,25).

Although younger patients are expected to be at a lower risk 
of cardiac death than older patients, the advantage of young 
age appears to be obviated by diabetes. We showed that the 
rate of cardiac death for patients with diabetes is similar to that 
in patients without diabetes who are 15 years older at the same 
myocardial perfusion scan category. That even a normal perfu-
sion scan in a young diabetic patient (,55 years) portends a 
similar cardiac death risk as a nondiabetic patient aged 55–64 
years with mild ischemia may have important clinical implica-
tions. Indeed, although normal myocardial perfusion PET can 
predict a low event rate in patients without diabetes, it may be 
necessary to use other tools for further risk stratification (7,26–
29) to detect subclinical atherosclerosis and potentially initiate 

appropriate interventions in patients with diabetes. It is impor-
tant to note that, to our knowledge, no randomized clinical 
trial of myocardial perfusion SPECT or CT coronary angiog-
raphy has shown a survival benefit based on a screening strat-
egy in asymptomatic patients with diabetes (30,31). Admit-
tedly, patients in these trials were optimally treated at baseline. 
For example, in the Screening for Asymptomatic Obstructive 
Coronary Artery Disease among High-Risk Diabetic Patients 
Using CT Angiography, Following Core 64 (faCTor-64) trial, 
in which more than 75% of patients had a low-density lipopro-
tein level of less than 100 mg/dL and a mean baseline blood 
pressure of 130/75 mm Hg, the cardiac event rate was rela-
tively lower than expected, suggesting that an imaging-based 
screening strategy may not have significant incremental benefit 
in well-treated patients with diabetes (31,32). In another co-
hort of patients with diabetes referred for myocardial perfusion 
PET, coronary flow reserve, a parameter of coronary vascular 
dysfunction, provided incremental risk stratification beyond 
myocardial perfusion results (26). In addition, patients with 
diabetes and preserved coronary flow reserve demonstrated low 
cardiac death rates that were comparable to patients without 
known coronary artery disease or diabetes (26).

Our study had several strengths, including large sample 
size and proportion of patients with diabetes and long follow-
up. We used currently accepted statistical methods to assess 
incremental prognostic value of stress myocardial perfusion 
PET in patients with and patients without diabetes. How-
ever, some limitations must be noted as well. Most impor-
tant, duration and complications of diabetes were not well 
ascertained. Multiple studies have noted the importance of 
diabetes duration, glycated hemoglobin level, need for insu-
lin therapy, and presence of diabetic nephropathy, neuropa-
thy, or retinopathy as important prognostic markers in the 
diabetic population. Renal function and albuminuria level 
were not available. These important factors would have cer-
tainly improved our prediction models but not necessarily 
decreased the prognostic value of perfusion imaging (33). 
Coronary flow reserve obtained during myocardial perfusion 
PET was not available in this cohort and could have further 
enhanced risk stratification (26), especially in patients with 
normal myocardial perfusion images. Last, despite our large 
sample size and event rates, statistical power might have been 
limited to detect small interaction effects.

In conclusion, in this large study of 7061 patients including 
almost 2000 with diabetes, myocardial perfusion PET results 
provide powerful and incremental prognostic information with 
appropriate reclassification improvement in 39% of patients 
with diabetes. We also showed that women and younger patients 
with diabetes remain at significantly high risk of cardiac death 
despite normal perfusion. Whether these patients may benefit 
from further risk stratification with additional methods warrants 
further investigation.
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