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Case

� M/60

� HTN/DM > 20 yrs

� Dyslipidemia

� DM retinopathy (-)/neuropathy (-)/ 

nephropathy (+)

� Chest pain (-)/dyspnea (-)



Case

Electrocardiography in regular health checkup



Case

Coronary angiogram



Case

Coronary angiogram



� Which patients among asymptomatic

diabetics are at increased risk and 

should be screened?

� What are the implications of an early 

diagnosis of CAD?

� What tests should be considered?

Screening and management for 

coronary artery disease (CAD)



Q: Which patients among 

asymptomatic diabetics are at 

increased risk and should be 

screened?



� Screening for asymptomatic diabetes

→ Early detection of CAD

→ Early treatment

→ Improved cardiovascular outcomes

Really?



Cardiac outcomes after screening for 

asymptomatic coronary artery disease in 

patients with type 2 diabetes: the DIAD study
A randomized controlled trial

JAMA 2009
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Primary End Point
- Cardiac Death and Heart Attacks -



Screening        No Screening

n = 561                        n = 562          p

Secondary End Points

Unstable Angina    4 (0.7%)           3 (0.5%)   ns

Heart Failure 7 (1.2%)   7 (1.2%)   ns

Stroke 10 (1.8%)           5 (0.9%)   ns

Unstable Angina    4 (0.7%)           3 (0.5%)   ns

Heart Failure 7 (1.2%)   7 (1.2%)   ns

Stroke 10 (1.8%)           5 (0.9%)   ns

Revascularization 31 (5.5%)         44 (7.8%)   nsRevascularization 31 (5.5%)         44 (7.8%)   ns



Impact of Diabetes on the Risk Stratification Using Stress

Single-Photon Emission Computed Tomography Myocardial

Perfusion Imaging in Patients With Symptoms Suggestive of

Coronary Artery Disease

Circulation 2002

by MPI images



Clinical clues identifying diabetic patients 

with increased risk for CV death

� Atherosclerotic vascular disease

� Renal disease

� Abnormal ECG findings

� Diabetic complications (autonomic neuropathy 

and retinopathy)

� Hyperglycemia

� Age (>65 y in type 2 diabetes) and sex (male)

� Unexplained dyspnea

� Multiple cardiac risk factors (HTN, dyslipidemia, 

smoking, obesity, etc.)



Multiple cardiac risk factors in type 2 diabetes

increase the CV risk.

NEJM 2003



Multiple cardiac risk factors in type 2 diabetes

increase the CV risk.

NEJM 2003



Multiple cardiac risk factors in type 2 diabetes

are not associated with inducible ischemia.

Diabetes Care 2004

Traditional and emerging cardiac risk factors

were not associated with abnormal stress tests.



Q: Which asymptomatic 

diabetes should be screened 

for occult CAD?

A: “Challenging!”
Greater likelihood of CAD in asymptomatic diabetes includes

� Evidence of PAD

� DM complications

� Abnormal ECG

� Symptoms of dyspnea

2011 ADA recommendation in CAD screening

“In asymptomatic patients, routine screening for CAD is not 

recommended, as it does not improve outcomes

as long as CVD risk factors are treated. (A)”



Q: What are the implications of 

an early diagnosis of CAD?



� Screening for asymptomatic diabetes

→ Early detection of CAD

→ Early treatment

→ Improved cardiovascular outcomes



“In all patients with diabetes, cardiovascular risk factors 

should be assessed at least annually. These risk factors 

include dyslipidemia, hypertension, smoking, a positive family 

history of premature coronary disease, and the presence of 

micro- or macroalbuminuria. Abnormal risk factors should be 

treated as described elsewhere in these guidelines. 

Patients at increased CHD risk should receive aspirin and a 

statin and ACE inhibitor or ARB therapy if hypertensive, 

unless there are contraindications to a particular drug class.”

2011 ADA recommendations

심혈관계무증상당뇨환자도이미
위험인자에따른적극적인
약물치료를받고있다.



Improved Survival in Asymptomatic Diabetic Patients With High-Risk 

SPECT Imaging Treated With Coronary Artery Bypass Grafting

Circulation 2005

All patients

High-risk perfusion 

abnormalities

High-risk perfusion 

abnormalities

Without high-risk 

perfusion abnormalities



Optimal Medical Therapy with or without PCI for Stable 

Coronary Disease: (COURAGE) trial

- Multivessel or proximal LAD disease -

NEJM 2007



NEJM 2007



Q: What are the implications of 

an early diagnosis of CAD?

Before the era of BARI 2D trial results

A: It is likely that asymptomatic diabetes 

with very high CAD risk may benefit from 

screening and early revascularization. 



A randomized trial of therapies for type 2 diabetes 

and coronary artery disease

: BARI 2D trial

NEJM 2009



A randomized trial of therapies for type 2 diabetes 

and coronary artery disease

: BARI 2D trial

NEJM 2009

Heart 2012

5-year rates of mortality or the combined outcome of death/myocardial 

infarction/stroke in prompt revascularisation and medical therapy groups



A randomized trial of therapies for type 2 diabetes 

and coronary artery disease

: BARI 2D trial

NEJM 2009

Heart 2012

5-year rates of mortality or the 

combined outcome of death/

myocardial infarction/stroke in PCI 

(lower risk) and CABG (higher risk)

Cardiovascular event rates in CABG 

revascularisation or medical therapy 

allocation.



A randomized trial of therapies for type 2 diabetes 

and coronary artery disease

: BARI 2D trial

Limitations of BARI 2D

� Only moderate or stable symptoms and/or moderate 

angiographic CAD

� Lower rates of drug eluting stent use (1/3)

� Medical therapy group should be considered a ‘delayed or no 

revascularization’ group.

Cardiology implications of BARI 2D

In patients with both type 2 DM and stable CAD 

with documented ischemia

� Extensive multi-vessel CAD (high risk) - CABG

� Less extensive CAD (low risk) – medical therapy until revascularization



Q: What tests should be 

considered for risk 

stratification?



Characteristics of 14 guidelines on imaging of asymptomatic CAD

8/14 → against or insufficient evidence for screening of asymptomatic CAD

6/14 → in those with intermediate or high risk (based on 10-yr Framingham risk)



� ECG and exercise tolerance testing

�Myocardial perfusion imaging

� Stress echocardiography

� CT calcium scoring

� CT angiography and MR 

angiography



ECG and exercise tolerance testing

� ECG – in a low-risk population, only in 1 guideline

� Stress ECG – in 4 guidelines

� Inconclusive in 3 guidelines

� Relatively inexpensive and widely available

� Low in sensitivity and positive predictive value



Myocardial perfusion imaging

� SPECT in 3 guidelines

� PET in 2 guidelines

� AHA (2006)

: against any use of MPI in asymptomatic patients

� NCEP (2002, 2004) & ACCF (2009)

: either for intermediate-risk or solely for those at  

high risk



Stress echocardiography

� Only in 1 guideline

� For those at high risk

� Limited data in type 2 DM patients

Baseline Peak



CT calcium scoring

� In most guidelines (10/14)

� Solely in an intermediate CAD risk population

� Superior at predicting future events

AUC (0.94)

AUC (0.74)

AUC (0.60)



CT angiography and MR 

angiography

� In 4 guidelines, but none of these guidelines 

advocated their use.

� Insufficient data in asymptomatic type 2 DM



CT angiography and MR angiography

Radiology 2011

Heart 2011



Q: What tests should be 

considered for risk 

stratification?

� Guidelines on risk assessment by imaging of asymptomatic 

CAD give conflicting recommendations.

� Guidelines recommend to consider testing of asymptomatic 

CAD for those with either at intermediate risk (?) or high risk 

for having a CAD.

� Even though the CAD asymptomatic DM patient is at 

intermediate risk, routine screening for CAD is not 

supported.

� The majority of guidelines support the use of coronary CT 

calcium scoring.



Q: When is the timing of serial 

imaging assessment in patients 

with initially normal tests?

“Warranty”

JACC 2001

Prognostic stratification of diabetic patients by exercise echocardiography 



JECM 2012

Summary
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Case

Echocardiogram

Case Control



Case

Coronary angiogram

LCA RCA



� What is the definition of DCM?

� How to diagnose DCM?

� What are the treatment strategies of 

DCM?

Screening and management for 

diabetic cardiomyopathy (DCM)



DCM?

� First report in 1972 by Rubler et al.

: 4 patients with LV dilatation in the absence

of other causes

� Independent risk factor for the development 

of HF

: The Framingham Study / NHANES / 

Cardiovascular Health Study / UKPDS / 

Euro Heart Failure Surveys



DCM?

Why do diabetics develop HF?

� Common risk factors for both HF & diabetes 

(CHD & hypertension)

� Active neurohormonal system

� A direct effect on myocardium



DCM

Definition

Ventricular dysfunction occurring independent of 

CAD or hypertension in diabetic patients 

The concept of DCM suggests a direct cellular 

insult to the myocardium



DCM in PubMed



Contemporary Definitions and Classification of the Cardiomyopathies by AHA

DCM

2006 



Classification of the Cardiomyopathies by ESC

DCM

2008 



DM & Heart

- Pathogenesis of DCM -

The American Journal of Medicine 2008



DM & Heart

- Pathogenesis of DCM -

Circulation 2007



DM & Heart

- Diagnosing DCM -



DM & Heart
- Diagnosing DCM -

Sa

Ea

Aa

Strain



DM & Heart

- Diagnosing DCM -

Sm

Em
Am 

5.2 cm/s

6.9 cm/s



DM & Heart

- Changes of LV structure & function -

JACC 2003



DM & Heart

� Changes of LV structure & function

JACC 2003



PreDM & Heart

JASE 2012

- Changes of LV structure & function -



PreDM & DM & Heart

Kim SH. Unpublished data. 2012 

CVD risk factors of 1,681 Ansan cohort participants without HTN according to glucose metabolism

Variables

Categories of glucose metabolism
ANOVA

p valueControl

(n=824)

PreDM

(n=640)

DM

(n=217)

Age, years 54.1±5.8 55.6±6.6 57.5±7.4 <0.001

Male, % 42.6 47.0 59.9 <0.001

Systolic BP, mmHg 108.0±11.1 111.4±11.5 113.0±11.6 <0.001

Diastolic BP, mmHg 72.8±7.5 75.0±7.7 74.3±7.7 <0.001

Heart rate, bpm 63.8±8.9 65.2±8.5 66.9±8.7 <0.001

Body mass index, kg/m2 23.4±2.5 24.5±2.7 24.8±2.9 <0.001

Waist circumference, cm 77.5±7.1 80.6±7.5 83.0±7.6 <0.001

hsCRP 1.06±2.10 1.46±3.33 1.76±5.29 0.004

Fasting plasma glucose, mg/dL 88.7±5.7 97.1±8.8 133.9±53.6 <0.001

Fasting plasma insulin, µIU/ml 7.6±2.8 9.1±3.8 11.5±11.3 <0.001

HbA1c 5.42±0.35 5.61±0.39 6.79±1.27 <0.001

Total cholesterol, mg/dL 204±35 206±34 199±39 0.033

HDL-cholesterol, mg/dL 46.7±11.4 45.2±11.1 40.7±9.0 <0.001

Triglycerides, mg/dL 125±88 149±118 182±132 <0.001



PreDM & DM & Heart

Kim SH. Unpublished data. 2012 

Relation of glucose metabolism with LV structural and functional parameters in 1,659 KoGES

(Ansan cohort) participants without HTN after adjustment for cardiovascular risk factors 



DM & Heart
- Prevention & Treatment -

�Glycemic control

- weak evidence, favor GLP-1 analogues & 

DPP-4 inhibitors, avoid TZD (NYHA III-IV)

�RAAS

�Beta-blockers

- for DM patients with HF, new generation drugs 

�Statins
- favorable outcomes



Conclusions

� DCM is common and related to increased morbidity and 

mortality.

� Multiple pathophysiologic mechanisms are involved in the 

development of DCM in addition to hyperglycemia.

� Subclinical LV dysfunction can be detected by  

noninvasive cardiac imaging techniques, such as 

conventional echocardiography, TDI, and strain/strain rate.

� DCM takes years to reach overt LV systolic/diastolic HF, 

which means that diabetes-specific aggressive strategies 

are likely to succeed at earlier stages of LV dysfunction.



Thank you for your 

attention!


