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Abstract

Increased cardiovascular morbidity and mortality in patients with type 2 diabetes is well 

established; diabetes is associated with at least a 2-fold increased risk of coronary heart disease. 

Approximately two-thirds of deaths among persons with diabetes are related to cardiovascular 

disease. Previously, diabetes was regarded as a “coronary risk equivalent,” implying a high 10-year 

cardiovascular risk for every diabetes patient. Following the original study by Haffner et al., 

multiple studies from different cohorts provided varying conclusions on the validity of the concept 

of coronary risk equivalency in patients with diabetes. New guidelines have started to 

acknowledge the heterogeneity in risk and include different treatment recommendations for 

diabetic patients without other risk factors who are considered to be at lower risk. Furthermore, 
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guidelines have suggested that further risk stratification in patients with diabetes is warranted 

before universal treatment. The Imaging Council of the American College of Cardiology 

systematically reviewed all modalities commonly used for risk stratification in persons with 

diabetes mellitus and summarized the data and recommendations. This document reviews the 

evidence regarding the use of noninvasive testing to stratify asymptomatic patients with diabetes 

with regard to coronary heart disease risk and develops an algorithm for screening based on 

available data.
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Diabetes is increasing by epidemic proportions in the United States and throughout the 

world (1,2). Increased cardiovascular morbidity and mortality in patients with type 2 

diabetes is well established; diabetes is associated with at least a 2-fold increased risk of 

coronary heart disease (CHD) and 2- to 4-fold increased risk of CHD and stroke mortality 

compared with patients without diabetes (3–5). Currently two-thirds of death among persons 

with diabetes is related to cardiovascular disease (CVD) (5). Furthermore, management 

strategies for diabetes have shifted from glucocentric to multi-factorial, to identify and target 

patients’ cardiovascular risk factors.

Formerly, diabetes was regarded as a “coronary risk equivalent,” implying a 10-year 

cardiovascular risk of >20% for every diabetes patient (6). This was based on an 

observational Finnish study by Haffner et al. (6), which showed that people with diabetes 

without prior myocardial infarction (MI) had a similar risk of CHD to those with MI but 

without diabetes. Following the original study by Haffner et al. (6), multiple studies from 

different population cohorts provided varying conclusions on the validity of the concept of 

coronary risk equivalency in patients with diabetes. Although some large observational 

studies supported the concept of coronary risk equivalency (7–10), several others did not 

(11–14). In a systematic review and meta-analysis, Bulugahapitiya et al. (15) included 13 

studies involving 45,108 patients. The mean duration of follow-up was 13.4 years (range 5 

to 25 years). Patients with diabetes without prior MI had a 43% lower risk of developing 

CHD compared with patients without diabetes with previous MI (summary odds ratio [OR]: 

0.56; 95% confidence interval [CI]: 0.53 to 0.60). The results showed that patients with 

diabetes were at a lower risk of developing total CHD events compared with patients without 

diabetes with established CHD (15). New guidelines have started to acknowledge the 

heterogeneity in risk and include different treatment recommendations for diabetic patients 

without other risk factors who are considered to be at lower risk (16,17). Furthermore, 

guidelines have suggested that further risk stratification in patients with diabetes is 

warranted before universal treatment (18,19). An important clinical question remains: do 

patients with asymptomatic diabetes need routine screening for CHD, and if so, how? This 

document reviews the evidence regarding the use of noninvasive testing to stratify 

asymptomatic patients with diabetes with regard to CHD risk (Central Illustration).
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1. ROLE OF EXERCISE STRESS TESTING

Exercise testing in patients with diabetes is attractive due to low cost, simplicity, and wide 

availability. Compared with nondiabetic patients, the goals of exercise testing in a diabetic 

population are more diverse than mere identification of obstructive coronary artery disease 

(CAD). In the Look AHEAD (Action for Health in Diabetes) study, Curtis et al. (20) sought 

to determine the prevalence and correlates of exercise-induced cardiac abnormalities on 

maximal graded exercise test in 5,783 overweight/obese asymptomatic middle-aged men and 

women with type 2 diabetes (20). The authors found that exercise-induced abnormalities 

(including ST-segment depression ≥1.0 mm, ventricular arrhythmia, angina pectoris, poor 

post-exercise heart rate recovery [<22 beats/min reduction 2 min after exercise], or maximal 

exercise capacity <5.0 METs) were present in 1,303 (22.5%) participants, of which 693 

(12.0%) consisted of impaired exercise capacity. ST-segment depression occurred in 440 

(7.6%) and abnormal heart rate recovery in 206 (5.0%). Among the potential predictors, 

only older age was associated with increased prevalence of all abnormalities. Turrini et al. 

(21) enrolled 520 moderate- to high-risk asymptomatic diabetic patients to undergo an open-

label randomized trial: one-half of the patients were randomized to undergo an exercise 

stress test aimed at identifying obstructive CAD, and the other one-half were managed with 

pharmacological and behavioral therapy in the DADDY-D (Does coronary Atherosclerosis 

Deserve to be Diagnosed and treated early in Diabetics?) trial. They found silent ischemia in 

7.6% of patients and concluded that screening and revascularization of silent CAD in 

patients with diabetes failed to demonstrate a significant reduction in cardiac events and HF 

episodes (22).

Banthia et al. (23) evaluated autonomic function and found that subjects with diabetes had a 

delayed heart rate recovery at 1 min after exercise completion (diabetes 18.5 ± 1.9 beats/

min, control 27.6 ± 1.5 beats/min, p < 0.001). Similarly, Georgoulias et al. (24) found that 

diabetes is associated with abnormal heart rate recovery. Cheng et al. (25) found that heart 

rate recovery was an independent prognostic indicator for CVD and all-cause mortality in 

2,333 men with documented diabetes. The adjusted hazard ratios (HRs) for cardiovascular 

death in men in the slowest quartile of heart rate recovery, compared to the first, second, and 

third quartiles were 2.0 (95% CI: 1.1 to 3.8), 1.5 (95% CI: 0.8 to 2.7), and 1.5 (95% CI: 0.9 

to 2.8), respectively (p for trend <0.001).

Naka et al. (26) showed a prevalence of silent myocardial ischemia 2.2× higher in patients 

with diabetes mellitus (DM) that in nondiabetic control subjects (p < 0.05). Diabetic patients 

who received insulin had a 2.6× higher prevalence of silent myocardial ischemia, and 

patients with diabetic retinopathy had a 2.5× higher prevalence of silent myocardial ischemia 

(p < 0.05).

Thus, exercise stress testing can identify diabetic patients with silent ischemia; however, 

whether exercise testing results in improved outcomes in patients with diabetes has not been 

demonstrated.
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2. CAROTID INTIMA-MEDIA THICKNESS

Carotid intima-media thickness (CIMT) has been tested as a surrogate marker of 

atherosclerosis and has been shown to be associated with incident coronary heart disease 

(27–30). CIMT had been deemed reasonable for cardiovascular risk assessment in 

asymptomatic adults who are at intermediate risk per the 2010 American College of 

Cardiology (ACC)/American Heart Association (AHA) guidelines and 2012 European 

Society of Cardiology guidelines, but this recommendation was dropped in the 2013 

ACC/AHA guidelines due to results from several studies showing lack of a significant 

relationship with CHD events (17,19,31–33). In an analysis of MESA (Multi-Ethnic Study 

of Atherosclerosis) participants with metabolic syndrome and diabetes, Malik et al. (34) 

showed that diabetic patients with a CIMT in the fourth quartile had no significant increase 

in cardiovascular events (HR: 1.7, 95% CI: 0.7 to 4.3) compared with those in the first 

quartile.

3. CORONARY ARTERY CALCIUM

Histological studies have shown that the extent of coronary artery calcium (CAC) is closely 

associated with total coronary artery atherosclerotic plaque burden (35). Furthermore, 

numerous studies have conclusively proven that CAC scores predict incident CAD in the 

general population (36,37). Patients affected by type 2 DM harbor larger amounts of CAC 

than nondiabetic patients of a similar age (38); additionally the extent (39,40) and 

prevalence (41) of CAC in patients with type 2 diabetes asymptomatic for CAD is similar to 

that of patients with established CAD but without diabetes. Unlike the general population, 

women and men with type 2 DM have a similar extent of CAC, confirming the clinical 

evidence that diabetes negates the well-known advantage of women over men in prevalence 

and extent of atherosclerosis (39,41).

In the CACTI (Coronary Artery Calcification in Type 1 Diabetes) study (42), 656 adult type 

1 DM patients showed a higher prevalence and extent of CAC than 764 age- and sex-

matched control subjects with no difference between sexes. Extensive vascular calcification 

is detectable even in young (17 to 28 years of age) adults with type 1 diabetes (43) and has 

been associated with factors such as genetic polymorphism for hepatic lipoxygenase 

(LIPC-480 T) (44), smoking, elevated serum lipoprotein(a) (32), or suboptimal glycemic 

control (44,45).

ASSOCIATIONS OF CAC WITH ISCHEMIA AND PREDICTION OF CARDIAC EVENTS

The extent of CAC has been shown to be associated with the prevalence of inducible 

ischemia by single-photon emission computed tomography (SPECT) myocardial perfusion 

imaging (MPI) (46,47). In nondiabetic patients, the CAC score threshold at which the 

prevalence of ischemia increases substantially is >400 (46,47). In contrast, in diabetic 

patients this threshold has been reported to be lower (48). Several studies (Table 1) have 

demonstrated that increased CAC in persons with metabolic syndrome and diabetes is 

associated with increased prevalence of ischemia (48), events (34,49,50), and mortality (51). 

CAC was a better predictor of incident cardiovascular events (85 events after 8.5 years of 

follow-up) compared with the Framingham risk score and the UKPDS (United Kingdom 
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Prospective Diabetes Study) (area under the curve 0.76, 0.70, and 0.69, respectively; all p < 

0.05). Additionally, it improved classification of risk compared with the Framingham risk 

score (net reclassification index [NRI]: 0.19) and UKPDS (NRI: 0.21). In an observational 

study of 2,384 patients with diabetes of whom 162 died after a follow-up of 5.6 ± 3 years, 

Silverman et al. (52) reported that CAC allowed identification of patients at lower risk for 

whom aspirin preventive treatment might not be beneficial.

A high proportion of adults with diabetes have a 0 or very low CAC score, which, along with 

the excellent prognosis of these patients, provides strong evidence that diabetes per se is not 

a CHD equivalent. The study by Raggi et al. (51) was the first to document a prevalence of 

39% of 0 or very low (<10) CAC in asymptomatic DM patients. In MESA (53), 38% of DM 

patients were reported to have a CAC score of 0, and in the HNR (Heinz Nixdorf Recall) 

study, 39.3% of women with diabetes and 13.4% of men with diabetes had a CAC score of 0 

(50). Importantly, the absence of CAC predicted a low short-term risk of death (~1% at 5 

years) for diabetic patients, which was slightly higher but statistically similar to that of 

nondiabetic patients.

Sequential CAC imaging has been implemented as a means to assess atherosclerosis 

progression. The MESA and HNR investigators reported that all traditional risk factors are 

associated with CAC progression in whites, Asians, Hispanics, and blacks (53–58). 

However, DM had a stronger association with CAC in blacks than in other races in MESA 

(50,57). Snell-Bergeon et al. (45) assessed the effect of glycemic control in 109 type 1 DM 

patients on progression of CAC. On sequential electron beam computed tomography scans 

performed at an interval of 2.7 years, progression of CAC was associated with baseline 

hyperglycemia (OR: 7.11; 95% CI: 1.38 to 36.6; p = 0.02). Similarly, Anand et al. (59) 

followed 392 type 2 diabetic patients and reported that the best predictors of progression 

were baseline CAC score, statin use, and hemoglobin A1c >7% during follow-up. Table 1 

outlines several studies that have demonstrated that progression of CAC is a strong predictor 

of future MI (57,60–62).

In summary, CAC provides strong risk stratification of patients with diabetes, with an 

increase in mortality for each increase in CAC score category. The mortality risk is higher 

for each CAC category in the patients with diabetes than in the patients without diabetes. 

However, about 40% of adult diabetic patients have a CAC score <10 and a very low 

mortality rate. Rapid progression of CAC identifies patients at higher risk for CHD events. 

The overall evidence would support the use of CAC scanning for risk stratification and to 

guide management in the asymptomatic DM patient, as recommended with a Class IIa 

indication in the 2010 AHA/ACC guidelines (19).

4. ECHOCARDIOGRAPHY IN PATIENTS WITH DM

Myocardial abnormalities in DM patients at rest and with exercise have been well described 

in animal and human studies. Many clinical and epidemiological studies have suggested the 

presence of diabetic cardiomyopathy in humans. The increased incidence of heart failure in 

diabetic patients is more than what can fully be explained by obstructive CAD and 

traditional risk factors (63). Damage often occurs at the microvascular level, which then 
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leads to fibrosis and subsequent systolic and diastolic dysfunction (64). Several studies have 

demonstrated an independent association between diabetes and left ventricular (LV) mass 

and wall thickness and reduced LV systolic function (65,66). Di Cori et al. (67) evaluated 40 

asymptomatic patients with type 1 DM <40 years of age using strain, strain rate, and 

integrated backscatter and demonstrated subclinical dysfunction (67). Ha et al. (68) showed 

the value of tissue Doppler indexes at rest and with exercise for unmasking subclinical 

myocardial dysfunction.

The prevalence of diastolic dysfunction is also greater in diabetic patients than in normal 

individuals and has been reported to be between 43% to 78% (69–71). The wide range can 

be explained by differences in age, duration of diabetes, and other comorbidities in the study 

populations. Left atrial (LA) enlargement and dysfunction (based on speckle tracking–

derived strain and Doppler values) have also been reported in diabetic patients. LA fibrosis 

may subsequently be responsible for abnormal LA function in this population (71).

Several studies have demonstrated the prognostic value of stress echocardiogram in the DM 

population. Marwick et al. (72) studied 937 DM patients with known or suspected CAD who 

underwent stress echocardiography or dobutamine stress echocardiography (DSE). 

Regression analysis showed that the presence and extent of resting LV dysfunction and 

ischemia were predictive of death. The strongest predictor of death was referral for DSE 

rather than exercise. The total mortality of persons with DM with a negative test was ~4%/

year, which is higher than the 1%/year previously reported for unselected patients. Most of 

the excess in mortality was seen in the patients undergoing DSE, possibly due to higher 

comorbidities and risk factor burden in patients referred for pharmacological stress testing. 

The risk of death in patients with ischemia correlated with the extent of ischemia (72). In 

563 DM patients, Elhendy et al. (73) showed similar results. Those with an abnormal stress 

echocardiography experienced a higher event rate than those with a normal test at 1 year 

(2% vs. 0%), 3 years (12% vs. 2%), and 5 years (23% vs. 8%). No events were recorded in 

the first 2 years of follow-up among patients with a normal stress echocardiography. 

However, at 3 and 5 years, the event rate for the normal group was 2% and 8%, respectively 

(73). Similarly, Cortigiani et al. (74) evaluated 5,456 patients (749 diabetic) who underwent 

dipyridamole or dobutamine stress echocardiography. After a median of 31 months, stress-

induced ischemia, resting wall motion score index, and age were independent predictors of 

death and hard events in both diabetic and nondiabetic patients. However, diabetic patients 

with a normal stress test had a 2-fold greater annual event rate during follow-up compared 

with nondiabetic patients (74). These 2 studies illustrate the short warranty period for DM in 

the setting of a normal stress test.

Newer echocardiographic tools such as strain and strain rate now allow us to detect systolic 

and diastolic dysfunction at the subclinical level. Both pharmacological and exercise stress 

echocardiography provide excellent prognostic information in the diabetic population. 

However, the late event rate is higher than the nondiabetic population even in those with a 

normal stress test, which serves as a reminder of the rapid progression and high-risk nature 

of diabetic CAD.
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5. RADIONUCLIDE IMAGING OF THE HIGH-RISK ASYMPTOMATIC 

DIABETIC PATIENT

The large volume of data supporting the prognostic value of gated SPECT MPI renders it 

particularly appealing for screening asymptomatic DM patients (75). The elevated 

cardiovascular risk in the DM patient alters the post-test risk assessment after SPECT MPI 

in 2 important ways. First, a normal myocardial perfusion scan in DM patients is associated 

with a slightly higher risk of adverse cardiac events (1.6%/year) compared with nondiabetic 

patients (<1%/year) (76). Second, the warranty period of a normal MPI is lower in the DM 

patient, with event-free survival curves beginning to diverge from nondiabetic populations in 

the second year after the index normal scan (49,77).

The reported prevalence of silent myocardial ischemia on radionuclide imaging in DM 

patients has been disparate among studies. Observational studies performed more than a 

decade ago reported a prevalence ranging from 16% to 59%, with approximately 20% of 

patients having high-risk findings (78,79). The DIAD (Detection of Ischemia in 

Asymptomatic Diabetics) study, which was prospective and recruited truly asymptomatic 

patients, reported a much lower prevalence of any perfusion defect or LV function 

abnormality (22%) or moderate to large ischemia (6%), and may represent the true 

prevalence of asymptomatic myocardial ischemia in DM patients (80). A more recent 

analysis of 1,354 patients (302 with diabetes) without angina or dyspnea who underwent 

clinically indicated stress testing revealed a low prevalence of any myocardial ischemia 

(7.2%) or prognostically significant ischemia (4.4%) in the overall study population. The 

prevalence of asymptomatic ischemia was significantly higher in patients with diabetes 

(12.5% vs. 5.6%) compared with those without (81).

The yield of stress testing in asymptomatic DM patients can be improved by selecting 

patients based on the pre-test clinical risk of CAD. The retrospective studies that showed a 

high prevalence of stress test abnormalities included patients with abnormal 

electrocardiograms (ECGs) (43% with Q waves) and vascular disease (28%). A high CAC 

score is predictive of moderate to severe silent myocardial ischemia on SPECT in diabetic 

patients (48% and 71% ischemia if CAC score >400 and >1,000, respectively) (49). It is 

noteworthy that depending on age and duration of diabetes, between one-third and one-half 

of asymptomatic DM patients have no or minimal (<10 AU) CAC (49).

The recent BARDOT (Basel Asymptomatic High-risk Diabetes Outcome) trial (82) 

prospectively recruited 400 asymptomatic patients with type 2 diabetes. Baseline SPECT 

MPI was abnormal in 22% (Table 2). Patients randomized to revascularization had similar 

rates of major adverse cardiovascular events (symptomatic CAD progression), but lower 

rates of asymptomatic CAD (more ischemia or new scar) progression (54.3% vs. 15.8%; p < 

0.001) Thus, in this prospectively recruited cohort of high-risk diabetic patients, almost one-

quarter had silent myocardial ischemia, which was associated with a worse outcome.

In summary, analogous to the general population, the data in DM suggest that routine 

screening with MPI of all asymptomatic patients is likely to have a low yield and have a 

limited effect on patient outcome. The yield of MPI can be improved by selecting a higher-
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risk group of patients with symptoms, peripheral vascular disease, CKD, an abnormal ECG, 

or a high CAC score (e.g., >400) (83,84). In such patients, intense medical therapy appears 

to retard progression of asymptomatic and symptomatic CAD (72). Whether coronary 

revascularization offers additive prognostic benefit to medical therapy when the ischemic 

burden exceeds any particular threshold is still unclear for the asymptomatic diabetic 

population.

The noninvasive assessment of coronary flow reserve (CFR) using positron-emission 

tomography is a powerful tool that integrates the effects of focal stenosis, diffuse disease, 

and coronary microvascular function. A recent study by Murthy et al. (85) addressed the 

potential added prognostic value of this approach in patients with diabetes. They found an 

equivalent and low cardiac mortality risk between diabetic patients without known CAD 

(prior revascularization or MI) but with CFR >1.6 and those without diabetes. In contrast, 

the subgroup of diabetic patients without known CAD but with CFR <1.6 had essentially the 

same risk as patients without diabetes but with CAD (Figure 1).

6. CORONARY CTA FOR RISK STRATIFICATION OF THE ASYMPTOMATIC 

DIABETIC PATIENT

The advent of coronary CTA has made possible the noninvasive investigation of 

atherosclerotic disease. This has piqued the interest of researchers in applying this 

technology to better define CHD risk in patients with diabetes. The use of coronary CTA in 

asymptomatic diabetic patients has already been reported in numerous studies. The overall 

conclusion from these studies is that patients with diabetes have a high prevalence of 

coronary atherosclerosis and obstructive CAD, as well as a higher prevalence of plaques 

with features of instability compared with nondiabetic subjects.

PREVALENCE OF CORONARY ATHEROSCLEROSIS AND OBSTRUCTIVE STENOSES

Table 3 summarizes studies published to date that reported the prevalence of plaque and 

obstructive CAD in asymptomatic patients submitted to coronary CTA. Approximately 25% 

to 30% of asymptomatic diabetic patients have no demonstrable plaque on coronary CTA. 

The proportion of patients having ≥50% stenosis generally ranged from 24% to 32%, with 1 

outlying study reporting 17%.

These findings further support the concept that diabetes by itself is not a CHD equivalent, 

because one-third of patients have no demonstrable coronary atherosclerosis (49,51). At the 

same time, the prevalence of obstructive CAD is nearly 25%, much higher than would be 

expected in the nondiabetic population (86–100). Halon et al. (96) examined 427 

asymptomatic diabetic patients and found coronary plaques in 77% of them and ≥50% 

stenosis in 1 or more vessels in 23%.

PREDICTION OF CARDIAC EVENTS

Despite a prevalence of atherosclerotic plaques in nearly 70% of diabetic patients, the event 

rate in diabetic patients with no or minimal plaque burden is very low (Table 3).
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Min et al. (101) reported the occurrence of all-cause mortality, nonfatal MI, or late 

revascularization among 400 asymptomatic diabetic patients in the CONFIRM (COronary 

CT Angiography Evaluation For Clinical Outcomes: An International Multicenter Registry) 

registry. After a mean follow-up of 2.4 ± 1.1 years, 33 events occurred (3.4% annualized 

event rate). On multivariable analysis, the presence of obstructive disease on coronary CTA 

added to the CAC score and age in prediction of adverse events (p < 0.001).

RANDOMIZED TRIAL RESULTS

The FACTOR-64 (For Asymptomatic Obstructive Coronary Artery Disease Among High-

Risk Diabetic Patients Using CT Angiography, Following Core 64: A Randomized Control 

Study) trial was a randomized trial to evaluate whether routine coronary CTA screening in a 

high-risk population affects changes in treatment (such as pre-emptive coronary 

revascularization or more aggressive medical therapy) and leads to a reduction in cardiac 

events (102). High-risk, asymptomatic patients with diabetes were randomized to either 

screening with coronary CTA with subsequent therapy directed by the imaging results or to 

standard treatment. The investigators randomized 900 patients to CT screening (n = 452) or 

standard care (n = 448). CTA showed no CAD in 31%, mild stenosis in 46%, moderate in 

12%, and severe stenosis in 11% of the patients. Coronary CTA prompted a stress test in 

14% of the cases, and angiography in 8%, of whom 53% underwent subsequent PCI and 

19% underwent CABG. There was a 20% lower rate of events in the CTA group: for the 

primary endpoint of all-cause death, nonfatal MI, and hospitalization for unstable angina, the 

rate was 6.2% in the CTA arm versus 7.6% in the standard-care group (HR: 0.80 [95% CI: 

0.49 to 1.32]; p = 0.38). The authors concluded that coronary CTA screening led to more 

aggressive risk factor modification in 70% of patients, including improvements in statin use 

and more aggressive treatment of serum lipids and systemic blood pressure; however, there 

was no significant reduction in CHD events in this 900-person study. A longer follow-up is 

underway.

RELATIONSHIP BETWEEN CORONARY CTA AND ISCHEMIA BY SPECT

Choi et al. (88) performed coronary CTA and SPECT in 116 asymptomatic diabetic patients. 

Interestingly, when comparing the 28 (24%) patients with perfusion defects to the 88 (76%) 

without defects, they found no difference in prevalence of coronary atherosclerosis, 

obstructive disease and severe stenosis, plaque composition, or high (>100) CAC score. In 

this small study, 5 patients had cardiac events during a mean follow-up of 24 months. All 

had obstructive CAD by coronary CTA, but normal SPECT MPI studies.

Coronary CTA is currently not recommended and is not considered appropriate as a risk 

stratification tool in the asymptomatic diabetic population (25,103). As noted in Table 3, 

studies to date have shown clear heterogeneity within this population, with varying degrees 

of disease prevalence and severity. Hence, a “1 size fits all” approach seems unrefined. 

Perhaps an approach that would identify a population at higher risk through age, risk factor, 

or biomarker criteria, coupled with more widespread use of methods that are associated with 

radiation exposure as low as those associated with CAC scanning, may define a subset of 

asymptomatic patients with diabetes in whom coronary CTA scanning will become accepted 

as an appropriate test.
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7. CARDIAC MAGNETIC RESONANCE IMAGING

MYOCARDIAL DYSFUNCTION

Diabetic patients are at risk of developing severe cardiomyopathy based both on CAD and 

mechanisms related to metabolic deregulations even in the absence of CAD. Cardiac 

magnetic resonance (MR) provides an accurate means to assess myocardial structure and 

function. With steady-state free precession sequences, investigators have been able to show 

substantial aberrations of LV volume, mass, and function in patients with insulin resistance 

and type 2 (104) and type 1 DM (105).

The presence of late gadolinium hyperenhancement as a marker of prior MI in diabetic 

patients with unsuspected CAD has been linked with a 4-fold increased risk of major 

adverse cardiovascular events and a 7-fold increased risk of mortality (95). Late gadolinium 

hyperenhancement was demonstrated in 4.3% of asymptomatic type 1 diabetic patients in 

the DCCT (Diabetes Control and Complications Trial)/EDIC (Epidemiology of Diabetes 

Interventions and Complications) trial (105) and in 17% of asymptomatic older diabetic 

patients in a community-based study conducted in Iceland (106,107).

T1 mapping is a newer technique that takes advantage of enhanced T1 relaxation times 

induced by gadolinium accumulated in the extracellular space. This allows an assessment of 

interstitial fibrosis, also described as extracellular volume (ECV) fraction. Employing T1-

mapping, Wong et al. (108) demonstrated a higher short-term mortality in patients with 

increased ECV. Although similar outcome data are not available for diabetic patients, 2 

recent publications showed that ECV is increased in these patients (109,110) and inversely 

related to diastolic function (110).

Although MR spectroscopy is still investigational, it has provided useful insights into the 

pathophysiology of diabetic cardiomyopathy. Using 1H spectroscopy, Rijzewijk et al. (111) 

demonstrated a higher myocardial content of triglycerides in type 2 diabetic patients 

asymptomatic for CAD than in age-, sex-, and BMI-matched healthy volunteers. The 

increase in triglycerides content was directly correlated with abnormalities of LV diastolic 

function (111). Ng et al. (112) further demonstrated an association between myocardial 

triglyceride content in healthy diabetic patients and myocardial strain assessed by 

echocardiography. Parameters of ventricular function and myocardial steatosis improved 

after prolonged caloric restriction in obese diabetic patients in 1 prospective study (113).

CAD DETECTION

Adenosine stress MR MPI has been shown to have good to excellent test characteristics for 

the detection of obstructive CAD (>70% luminal stenosis) in the general population and in 

diabetic patients (sensitivity 88%; specificity 82%; PPV 90%; and NPV 79%) (114,115). It 

should be noted that both stress MR studies (114,115) enrolled a small number of diabetic 

patients (8 of 92 patients: 8.6%; and 96 of 752 patients: 13% of the population); therefore, 

care should be taken before drawing definitive conclusions based on these preliminary 

studies.
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8. GENDER DIFFERENCES IN PATIENTS WITH DM

DM is a major risk factor and predictor of adverse coronary events in both men and women. 

Women with DM in particular are at an increased risk of cardiovascular events. The duration 

of diabetes and presence of prior CAD influences the risk of death. In a study by Hu et al. 

(9), the relative risk of fatal CHD increased in an incremental fashion according to the 

duration of disease. The relative risk of cardiovascular death for diabetic versus nondiabetic 

women for all durations of diabetes (<5, 6 to 10, 11 to 15, 16 to 25, and >25 years) was 2.75, 

3.63, 5.51, 6.38, and 11.9, respectively (p < 0.001 for trend). However, a combination of DM 

>15 years and prior CAD identified the highest-risk group for fatal cardiac events (relative 

risk: 30.0) (9).

The presence of the metabolic syndrome also appears to increase the risk of cardiovascular 

events in women (116). In the WISE (Women’s Ischemia Syndrome Evaluation) study, 

women with angiographically significant CAD and the metabolic syndrome had 

significantly higher risk of cardiovascular events than those with normal metabolic status 

(HR: 4.93; 95% CI: 1.02 to 23.76; p < 0.05) (117). This increased risk in women with 

diabetes and metabolic syndrome may be due, at least in part, to an increased prevalence of 

other cardiovascular risk factors such as lipid disorders, hypertension, obesity, and physical 

inactivity, as well as more endothelial dysfunction (118). The metabolic syndrome and 

diabetes are also associated with systemic inflammation and a hypercoagulable state (117).

Similar to nondiabetic women, diabetic women tend to present with less obstructive 

coronary disease compared with their male counterparts. The BARI 2D trial showed that 

there were no sex differences in death, MI, or cerebrovascular accident among patients 

enrolled in the trial (119).

Cardiac imaging studies in women have further illustrated sex differences in diabetic 

patients and in those with metabolic syndrome. In an echocardiographic study by Nicolini et 

al. (120), women with metabolic syndrome had higher posterior wall thickness, relative wall 

thickness, and concentric LV hypertrophy, and more advanced diastolic abnormalities. Such 

differences were not seen in men with or without metabolic syndrome (120). Stress testing 

studies with cardiac imaging in symptomatic and asymptomatic diabetic women have 

demonstrated less extensive ischemia compared with men (80,121). Despite smaller 

perfusion defects, the prognosis for women with DM is worse compared with men for 

similar summed stress scores on adenosine perfusion SPECT imaging (121).

In summary, the risk of cardiovascular events is significantly increased in women with DM 

and with metabolic syndrome (122). Similar to nondiabetic women, women with DM have a 

lesser burden of coronary atherosclerosis, thus leading to less ischemia on stress testing. 

Despite the smaller burden of disease, the symptoms and prognosis are worse than in 

matched male counterparts.

9. DIABETES AND CKD

DM is a common etiology for CKD, and both are contributors to the development of CVD. 

CKD is defined by elevated urinary albumin excretion, renal pathology, or an estimated 
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glomerular filtration rate <60 ml/min/1.73 m2 persisting for at least 3 months. Multiple 

pathways, involving both the microcirculation and macrocirculation, are involved in the 

association among DM, CKD, and CVD. Diabetes affects renal microcirculation by inducing 

glomerular capillary hypertension, mesangial, and endothelial cell dysfunction, which can 

result in a form of CKD, diabetic nephropathy (123–125). Once CKD develops, 

macrovascular complications of diabetes are further promoted by various mechanisms, 

including systemic hypertension, dyslipidemia, chronic inflammation, and vascular 

calcification (126,127). DM and CKD interact with each other to create a milieu that 

accelerates development of CVD.

Among individuals with end-stage renal disease, CAC is highly prevalent, progresses 

rapidly, and is associated with an increased risk of death (128–132). CAC is due to the 

accumulation of calcification in the media of the vessel wall with resultant increased arterial 

stiffness, increased pulse wave velocity, and LV hypertrophy (133), as well as intimal 

calcification, more directly related to atherosclerosis as in the general population (134).

Analyses from the CRIC (Chronic Renal Insufficiency Cohort) study show a graded 

relationship between severity of CKD and CAC, independent of traditional risk factors 

(135). He et al. (136) further examined the association of risk factors with CAC in CKD 

patients enrolled in the CRIC study. Among traditional risk factors, patients with CKD and 

with DM had more than a 3-fold odds of having a high (>100) CAC score (OR: 3.25 [95% 

CI: 2.44 to 4.34]) compared with those with CKD but without DM. Similarly, earlier 

analyses from the Dallas Heart Study, using a smaller cohort of CKD patients, demonstrated 

that patients with diabetes and CKD had a 9-fold greater odds of having a CAC score >10 

than patients with diabetes but without CKD (137). Kestenbaum et al. (138) analyzed data 

from MESA and found that 66% of patients with CKD had prevalent CAC. Incident CAC 

developed at a rate of 14.8%/year in men and 6.1%/year in women. CAC progression in 

CKD patients in this study was strongly associated with the presence of diabetes (138,139). 

Both baseline (140) and progression (141,142) of CAC in patients with CKD have been 

shown in observational and randomized trials to be associated with increased mortality. 

Because DM is among the most frequent etiologies of end-stage renal disease and it is 

associated with rapid progression of CAC, this may become an important marker of risk in 

patients with advanced stages of CKD.

10. GUIDELINES AND APPROPRIATE USE CRITERIA

Current guidelines (18,19,143,144) support risk factor assessment (Class I), coronary artery 

calcium scanning (Class IIa), and hemoglobin A1c for risk assessment (Class IIb), but not 

CIMT (Class III) or routine functional testing (Class III) in the asymptomatic DM 

population.

In 2013, a societal task force developed a multimodality approach to the diagnosis and risk 

assessment of stable ischemic heart disease (145), which superseded all prior single-

modality appropriate use criteria documents and designated DM as having CAD-equivalent 

status. Hence, asymptomatic patients with diabetes are considered to be in the high global 

CAD risk category, for which exercise ECG is rated appropriate; stress radionuclide 
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imaging, stress echocardiography, stress cardiac magnetic resonance, calcium scoring, and 

coronary CTA are all given a “may be appropriate” rating. It must be noted that the 

document (145) articulates the concept that just because a test is rated “appropriate” or “may 

be appropriate,” this does not indicate that it must always be performed for that particular 

clinical scenario, and that physician judgment must finally adjudicate the need, or lack 

thereof, for diagnostic testing.

11. CLINICAL IMPLICATIONS

There is great heterogeneity in the global CHD risk of patients with DM. It is clear that DM 

by itself is not a CHD risk equivalent, based on the sizeable proportion of patients with DM 

(25% to 30%) who can now be classified as at low risk on the basis of absence of coronary 

atherosclerosis. The risk of patients with DM ranges from very low in one-third of 

asymptomatic diabetic patients with no or minimal coronary calcium to high observed in 

diabetic patients, particularly women, with advanced atherosclerosis (i.e., CAC >400), 

symptoms, multiple risk factors, and/or CKD, compared with their nondiabetic counterparts. 

This writing group represents that, at present, CAC screening offers the most sensitive 

noninvasive risk stratification tool among asymptomatic persons with DM. CAC imaging 

currently has a Class IIa recommendation for screening in this population from the 

AHA/ACC guidelines (Figure 2) (19). Functional stress testing may further refine risk 

estimation in asymptomatic patients with DM who have a high CAC. The available data 

suggest that this might result in a future recommendation for CAC screening in type 2 

diabetes, followed by functional testing for ischemia in patients with a pre-determined CAC 

threshold. However, although this approach has been shown to improve the stratification of 

persons with DM, it has not yet been shown to result in improved outcomes. This is a 

knowledge gap that needs to be addressed with clinical trials.

ABBREVIATIONS AND ACRONYMS

ACC American College of Cardiology

AHA American Heart Association

CVD cardiovascular disease

CIMT carotid intima-media thickness

CAC coronary artery calcium

CHD coronary heart disease

CKD chronic kidney disease

DM diabetes mellitus

MI myocardial infarction

MPI myocardial perfusion imaging
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FIGURE 1. Annualized Cardiac Mortality Among Patients With DM or CAD (History of 
Myocardial Infarction or Coronary Revascularization)
Diabetes mellitus (DM) patients without coronary artery disease (CAD) and with coronary 

flow reserve (CFR) <1.6 have the same risk as patients without DM or CAD. In contrast, 

diabetic patients with CFR <1.6 have essentially the same risk as those with CAD. Reprinted 

with permission from Murthy et al. (85).

Budoff et al. Page 23

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2017 March 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 2. Algorithm for Screening Persons With Diabetes Mellitus
An algorithm based upon the recommendations of the 2010 ACCF/AHA Guideline for 

Assessment of Cardiovascular Risk in Asymptomatic Adults (19), with a suggestion to 

perform stress imaging if the coronary artery calcium score is significantly elevated.
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CENTRAL ILLUSTRATION. Approach to Risk Assessment of Diabetic Patients
As discussed in the text several imaging modalities have been tested to risk stratify 

asymptomatic diabetic patients but few have provided valuable prognostic information. 

Diabetic women and diabetic patients with chronic kidney disease are at particularly high 

risk of cardiovascular complications. ESRD = end-stage renal disease; IMT = intima-media 

thickness.
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TABLE 1

Studies of CAC Scanning in Asymptomatic Patients With Diabetes

First Author 
(Ref. #) Primary Outcome Patients Main Results Additional Notes

Wong et al. 
(48)

Inducible ischemia on 
functional stress testing

1,043 asymptomatic 
patients submitted to MPI 
and CAC screening; 140 
type 2 diabetes and 173 
metabolic syndrome 
patients

In patients with a CAC score 100–
399, the rate of ischemia was 13% 
vs. 3.6% in the presence or 
absence of metabolic 
abnormalities (p < 0.02). In 
patients with CAC score >400, the 
rates were 23.4% vs. 13.6% (p = 
0.03)

The odds of ischemia in 
patients with metabolic 
abnormalities were 2-fold 
greater per SD increase in 
log CAC score

Anand et al. 
(49)

Inducible ischemia on 
functional stress testing 
and cardiovascular 
outcomes

510 asymptomatic type 2 
diabetes patients. MPI 
performed in 127 with 
CAC score >100

During 2.2 years of follow-up, 
there were 20 cardiovascular 
events, none in patients with CAC 
score <10

CAC score and MPI 
interaction term was 
statistically significant for 
prediction of events

Raggi et al. 
(51)

All-cause mortality 9,474 nondiabetic patients 
and 903 type 2 diabetes 
patients followed for 5 
years after CAC screening

44% higher risk of death for 
diabetic patients compared with 
control subjects in each category 
of CAC score (10, 11–100, 101–
400, 401–1,000, and >1,000)

Diabetic patients with CAC 
<10 had the same mortality 
rate as control subjects with 
CAC score <10

Malik et al. 
(34)

Incident coronary heart 
disease events

6,603 MESA patients 45–
84 years old; 1,686 with 
the metabolic syndrome 
and 881 with diabetes 
mellitus type 2

Race and risk factors adjusted HR: 
2.9–6.2 for type 2 diabetes patients 
and 3.9–11.9 for metabolic 
syndrome patients with increasing 
CAC score categories

CAC had incremental 
prognostic value over 
traditional risk factors and 
carotid IMT

Yeboah et al. 
(50)

Incident coronary heart 
disease events

1,343 type 2 diabetes 
mellitus patients from 
MESA and Heinz-Nixdorf-
Recall studies

85 events after 8.5 years of follow-
up (6.3%). CAC was a better 
predictor than FRS and UKPDS 
(AUC: 0.76, 0.70, and 0.69, 
respectively, all p < 0.05)

CAC improved 
discrimination of risk 
compared to the FRS (NRI; 
0.19) and UKPDS (NRI: 
0.21).

Raggi et al. 
(61)

Retrospective study; 
occurrence of 
myocardial infarction 
and progression of CAC

157 type 2 diabetes 
mellitus patients and 1,153 
nondiabetic patients 
followed for 1–3 years

Diabetic patients with and without 
myocardial infarction during 
follow-up showed a greater CAC 
score increase compared with 
control subjects

Diabetes mellitus and 
systemic hypertension were 
the best predictors of CAC 
score progression. Baseline 
CAC score and statin 
therapy were the best 
predictors of myocardial 
infarction.

Kiramijyan et 
al. (62)

CAC score progression 
and all-cause mortality

296 asymptomatic type 2 
diabetic patients and 300 
control subjects followed 
for ~4.5 years

HR of death in diabetic patients 
compared with nondiabetic 
patients increased from 1.88 to 
6.95 as the annual percent change 
in CAC score increased from 
<10% to >30%

Annual %CAC score 
increase was greater in 
diabetic patients (29 + 9% 
vs. 10 + 7%; p = 0.0001)

Wong et al. 
(58)

Incidence and 
progression of CAC; 
occurrence of coronary 
heart disease events

2,927 MESA subjects 
without CAC at baseline 
and 2,735 subjects with 
CAC at baseline. 1,426 
patients had the metabolic 
syndrome, 198 patients had 
type 2 diabetes mellitus, 
and 510 patients had both. 
Follow-up 4.9 ± 1.3 years

Patients with metabolic disorders 
had higher incidence and greater 
progression of CAC score. Patients 
with metabolic disorders in the 
highest tertile of CAC progression 
had a 4- to 4.9-fold higher risk of 
coronary heart disease events

AUC = area under the curve; CAC = coronary artery calcium; FRS = Framingham risk score; HR = hazard ratio; IMT = intima-media thickness; 
MESA = Multi-Ethnic Study of Atherosclerosis; MPI = myocardial perfusion imaging; NRI = net reclassification index; UKPDS = United 
Kingdom Prospective Diabetes Study.
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TABLE 2

Studies of Nuclear Imaging in Asymptomatic Patients with Diabetes

First Author 
(Ref. #) Primary Outcome Patients Main Results Additional notes

Acampa et al. 
(76)

Nonfatal myocardial 
infarction and cardiac 
death in symptomatic and 
asymptomatic diabetic 
patients submitted to MPI

Meta-analysis of 14 
studies involving 
13,493 diabetic 
patients. Average 
follow-up 36.2 months

Annual event rate in patients 
with a negative MPI averaged 
1.6%

Reported annual event rate with 
negative MPI in nondiabetic 
patients <1%

Giri et al. 
(77)

Death, nonfatal 
myocardial infarction, and 
revascularization

Prospective 
observational study of 
929 diabetic and 3,826 
nondiabetic patients. 
Mean follow-up 2.5 
years

Event rate in diabetes patients 
8.6% vs. 4.5% in nondiabetic 
patients. Diabetic patients with 
reversible defects had the highest 
risk of myocardial infarction, and 
those with fixed perfusion 
defects had the highest risk of 
death

In the presence of a normal 
MPI, the risk of event started 
climbing in diabetic patients 
after 2 years from imaging

Wackers et 
al. (80) 
(DIAD 
study)

Prevalence of silent 
ischemia in asymptomatic 
type 2 diabetic patients

522 patients 50–75 
years of age submitted 
to adenosine stress 
MPI

113 (22%) had inducible 
ischemic changes; 33 (6%) had 
moderate-to-large ischemia on 
MPI

American Diabetic Association 
guidelines would have missed 
41% of patients with silent 
ischemia

Zellweger et 
al. (82)

Prevalence, progression, 
and outcome of silent 
coronary artery disease in 
diabetes mellitus

400 patients with type 
2 diabetes mellitus 
submitted to baseline 
and repeat MPI after 2 
years

Baseline MPI was abnormal in 
22% of patients. Patients with 
abnormal MPI experienced more 
cardiac deaths, myocardial 
infarctions, and 
revascularizations (9.8% vs. 
2.9%) than patients with normal 
MPI.

Ischemia or new scar appeared 
in 3.2% and 34.2% of patients 
with normal and abnormal 
baseline MPI, respectively. 
Patients randomized to 
revascularization had similar 
rates of major adverse 
cardiovascular events but lower 
rates of asymptomatic CAD 
(more ischemia or new scar) 
progression

Abbreviations as in Table 1.
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TABLE 3

Coronary CTA Findings in Asymptomatic Patients With Diabetes

First Author 
(Ref. #) Primary Outcome Patients Main Results Additional Notes

Kamimura et 
al. (91)

Prevalence of obstructive 
CAD and high-risk plaques 
in patients with a CAC 
score ≤400

Asymptomatic diabetic 
patients (mean age 65 
years, 75% men)

A luminal stenosis >50% 
was present in 30.5% of 
patients; high-risk plaques in 
17% of the patients.

CAC was present in 83% of the 
patients. Obstructive CAD was 
seen in 5% of patients with a 
CAC score = 0

Roos et al. 
(93)

Prevalence of obstructive 
CAD and CAC

Cross-sectional analysis 
of 120 South-Asian and 
120 Caucasian diabetic 
patients (mean age 53 
years, 77% men)

South-Asian patients had a 
higher prevalence of 
obstructive CAD (41% vs. 
28%; p = 0.008)

The prevalence of CAC and the 
Agatston scores were 
significantly higher in South-
Asian patients

Halon et al. 
(96)

Prevalence of obstructive 
CAD in asymptomatic type 
2 diabetic patients and 
correlation with increased 
pulse pressure

477 patients, age 55–74 
years, 58% women

Any coronary atheroma was 
present in 76.6% of patients, 
and multivessel coronary 
atheroma in 55%. 
Obstructive CAD was 
present in 22.9% of patients

Pulse pressure correlated with 
extent of atheroma (p = 0.005). 
The correlation was independent 
of Framingham and United 
Kingdom Prospective Diabetic 
Study risk scores

Park et al. 
(146)

Composite outcome of 
cardiac death, nonfatal 
myocardial infarction, 
acute coronary syndrome 
requiring hospitalization, or 
late revascularization

577 patients (mean age 
62 years, 59% men) 
submitted to CTA and 
followed for an average 
of 34 ± 8 months

19 cardiac events during 
follow- up. Patients with 
significant CAD had more 
cardiac events (7.1% vs. 
0.5%) and lower 3-year 
event-free survival than those 
without (99.2% vs. 90.9%; p 
< 0.001)

Obstructive CAD was detected 
in 30.5% of patients; 26.7% had 
obstructive disease of the left 
main (2%) or proximal left 
anterior descending coronary 
artery (24.7%)

Muhlestein et 
al. (102) 
(FACTOR 64 
Study)

Composite outcome of all-
cause mortality, nonfatal 
MI, or unstable angina 
requiring hospitalization

900 patients with type 1 
or 2 diabetes mellitus for 
3 to 5 years randomized 
to CTA screening or 
optimal medical 
management alone; 
follow-up 4 ± 1.7 years

The primary outcome was 
not significantly different 
between the CTA and the 
control groups (6.2% [28 
events] vs 7.6% [34 events]; 
HR: 0.80 [95% CI: 0.49–
1.32]; p = 0.38)

The secondary outcome 
(composite of CAD death, 
nonfatal MI, or unstable angina) 
was also not statistically 
different (4.4% [20 events] vs. 
3.8% [17 events]; HR: 1.15 
[95% CI: 0.60–2.19]; p = 0.68)

Scholte et al. 
(147)

Prevalence of CAC, 
ischemia on MPI, and 
obstructive CAD on CTA

100 asymptomatic 
patients (age 30 to 72 
years) with type 2 
diabetes mellitus

Obstructive CAD by CTA 
was found in 24% of 
patients; however, the 
correlation between CAC, 
CTA, and MPI findings was 
poor

An abnormal MPI was found in 
23% of patients, CAC in 60%, 
and plaque on CTA in 70% of 
the patients
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