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Objectives

• Prevalence of CAD in patients with diabetes. 

• To discuss the relationship between CAD and 
prediabetes. 

• To discuss the prevalence of asymptomatic CAD in 
patients with diabetes. 

• To review the mechanisms of increased CAD risk in 
patients with diabetes. 

• To review the evidence for multifactorial risk 
factor reduction in the prevention of CAD



Prevalence of 
Diabetes

About 30.3 million people, or 
9.4% of the US population, had 

diabetes in 2015.

Centers for Disease Control and Prevention. Diabetes Report Card 2017. 
Atlanta, GA: Centers for Disease Control and Prevention, US Dept of Health 
and Human Services; 2018.



Represents 2 million people.

Diabetes is mostly (85–95%) T2D.1

• T2D approximately doubles the 

risk of death2

• Diabetes caused 4.9 million 

deaths in 20141

• CVD is the principal cause of 

death in T2D2,3

1.76

1.85

1 1.5 2.0

T2D is increasingly prevalent and CVD is the leading cause of death 

in this population

4

1. IDF Diabetes Atlas, 2014. 6th Edition. http://www.idf.org/diabetesatlas.

2. Nwaneri et al. Br J Diabetes Vasc Dis 2013;13:192–207.  3. Morrish et al. Diabetologia 2001;44(suppl 2):S14–21.

• Globally, 387 million people are 

living with diabetes1

• Rising to 592 million by 20351

Relative risk for 

all-cause mortality

Relative risk for 

CV mortality



Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular disease in type 2 diabetes: a systematic literature review of scientific evidence from across the 
world in 2007-2017. Cardiovasc Diabetol. 2018;17(1):83. Published 2018 Jun 8. doi:10.1186/s12933-018-0728-6

The International 
Diabetes Federation 
(IDF) estimates that 
worldwide, 415 million 
people have diabetes, 
91% of whom have type 
2 diabetes mellitus 
(T2DM).
People with diabetes 

comprise 8.8% of the 
world’s population, and 
IDF predicts that the 
number of cases of 
diabetes will rise to 642 
million by 2040 



Cardiovascular disease and diabetes

Bell DSH. Diabetes Care. 2003;26:2433-41.

Centers for Disease Control (CDC). www.cdc.gov.T2DM = type 2 diabetes mellitus

Cardiovascular 

complications 

of T2DM

~65% of deaths are                                               

due to CV disease

Coronary heart 

disease deaths

2- to 4-fold

Stroke risk

2- to 4-fold

Heart failure 

2- to 5-fold



Diabetes confers significant CV risk; combination of 

diabetes and history of MI further increases risk

7

Schramm et al. Circulation 2008;117:1945–54. 
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Prevalence of 
Asymptomatic 
CAD in 
Patients with 
Diabetes



Scognamiglio R, Negut C, Ramondo A, Tiengo A, Avogaro Detection of coronary artery disease in asymptomatic patients with type 2 diabetes mellitus. J Am Coll Cardiol. 2006;47(1):65. 

Epub 2005 Dec 9.



Relationship between CAD and Prediabetes. 



Prediabetes 
Prevalence

• CDC estimates that 84.1 million US adults aged 18 years or older had 
prediabetes in 2015. 

• Prediabetes can increase a person’s risk of type 2 diabetes, heart 
disease, and stroke. 

• Although an estimated 33.9% of US adults had prediabetes in 2015, only 
11.6% were aware of it.

Centers for Disease Control and Prevention. Diabetes Report Card 2017. Atlanta, GA: Centers for Disease Control and Prevention, 
US Dept of Health and Human Services; 2018



Cardiovascular Risk Increases Before Increase in 
Glucose 
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Nurses’ Health Study—20-year follow-up of 117,629 women:

• 1,508 had diabetes at baseline

• 5,894 developed diabetes

• 110,227 were diabetes free

MI=myocardial infarction.

Copyright © 2002 American Diabetes Association From Diabetes Care®, Vol. 25, 2002; 1129–1134   

Reprinted with permission from The American Diabetes Association. 







The Metabolic Syndrome: 
Current Perspective

Adapted from Reaven G. Drugs 1999;58(suppl):19-20 with 
permission from WolthersKluwer Health.
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Mechanisms 
of Increased 
CAD Risk in 
Patients with 
Diabetes.



T2D is a major and independent risk factor for both microvascular 

and macrovascular complications

1. World Health Organization. http://www.who.int/diabetes/action_online/basics/en/index3.html

Macrovascular

Microvascular

http://www.shutterstock.com/subscribe.mhtml


Endothelial dysfunction is common to microvascular and 

macrovascular events

19Versari et al. Diabetes Care 2009;32(suppl 2):S314-321. 

Normal conditions Risk factors Subclinical organ factors Clinical events

Remodelling – hypertrophy

Remodelling – plaque

Microalbuminuria/mild insufficiency

Endothelial function

Myocardial infarction 

Heart failure

Peripheral artery disease

TIA, stroke

Aortic aneurism

Overt proteinuria

End-stage renal failure

http://www.shutterstock.com/subscribe.mhtml


Bartnik M,Norhammar A,Ryden L. Hyperglycemia and cardiovascular disease. J Intern Med 2007; 262: 145-56.



Endothelial dysfunction drives atherosclerotic progression

Figure adapted from Libby. Circulation 2001;104:365‒72.

Zeadin et al. Can J Diabetes  2013;37:345e350.

Atherosclerosis is accelerated in T2D by hyperglycaemia, insulin resistance, 

inflammation and diabetic dyslipidaemia





Visceral adiposity is related to inflammation, insulin resistance, 

dyslipidemia and atherosclerosis

*including: TNFα, IL-6, resistin, PAI-1, angiotensinogen

Lau et al. Am J Physiol Heart Circ Physiol 2005;288:H2031‒41.

OBESITY

 Adiponectin

Adipocytokines

 inflammatory

cytokines*

T2D

Insulin 

resistance
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Endothelial 

dysfunction
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Age

 Oxidative 

stress

 Atherosclerosis

Interactions are complex, inter-related and not necessarily causal



Lennert Van Putte¹, Sofie De Schrijver¹, Peter Moortgat² ¹ University of Antwerp, Faculty of Medicine 

and Health science, Antwerp, Belgium



Glucose fluctuations correlate with oxidative stress

Monnier L et al. JAMA. 2006;295:1681-7.

MAGE = mean amplitude of glycemic excursions

PG = prostaglandin

n = 21 with T2DM

8-iso PGF2α formed 

directly from free 

radical-mediated 

arachidonic acid 

oxidation

r = 0.86

P < 0.001
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Atherogenic Effects of AngII Are Enhanced by 
Hyperglycemia

Reprinted from Giacchetti G et al. Trends Endocrinol Metab. 2005;16:120–126.

Copyright ©2005, with permission from Elsevier.

Hyperglycemia

Tissue AngII

Oxidative stress

Endothelial dysfunction

PAI = plasminogen activator inhibitor.

VCAM = vascular cell adhesion molecule.

ICAM = intercellular adhesion molecule.
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Ferroni P et al. 

J Thromb Haemost. 2004;2:1282-91.

Impact of hyperglycemia on platelet function

PKC = protein kinase C; GlyLDL = glycated low-density 

lipoproteins; GP = glycoproteins; TXA = thromboxane
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multifactorial 
risk factor 
reduction in 
the 
prevention of 
CAD



Risk Factors for Macrovascular Disease

• Not modifiable

– Genetic factors

– Family history

• Modifiable

– Hyperglycemia

– Hypertension

– DYSLIPIDEMIA

– Smoking

– Obesity

– Physical inactivity



Other Risk Factors for CVD 

in Patients With Diabetes

• Abnormal fibrinolysis (fibrinogen, PAI-1)

• Microalbuminuria

• Endothelial dysfunction

• Markers of inflammation (CRP, TNF-, IL-6)

• Hyperhomocysteinemia

• Hypercoagulation

CVD=cardiovascular disease

PAI=plasminogen activator inhibitor

CRP=C-reactive protein

TNF-=tumor necrosis factor 

IL-6=interleukin 6

Fonseca VA. Ann Intern Med. 2000;133:154-156



CV death is increased in patients with diabetes and multiple risk 

factors

Risk factors were serum cholesterol ≥200 mg/dL, current smoker, SBP ≥120 mmHg

Stamler et al. Diabetes Care 1993;16:434.
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Smoking

• Increased risk for CVD
– active and passive smokers
– is a major cause of cardiovascular 

disease (CVD) 
– causes approximately one of every 

four deaths from CVD
• Three-fold increase in incidence of 

PAD
– risk tends to increase with number of 

cigarettes smoked (4- 5-fold in heavy 
smokers)

• Affects all phases
– endothelial dysfunction
– acute clinical event, thrombogenic



Smoking

• 8% of smoke is tar

– 1017 free radicals per gram

• 92% is gaseous

– 1015 free radicals per puff

• Risk reduces significantly at 1-3 yrs after 
cessation

• Reaches risk of  someone who never 
smoked at 15 yrs

https://www.nhlbi.nih.gov/health-
topics/smoking-and-your-heart



Smoking Cessation

• Strongly and repeatedly advice cessation

• All patients who smoke should receive program 
of physical advice, group counseling sessions, 
and nicotine replacement.

• Addition of drug therapy (bupropion, 
varenicline) can increase cessation rates.

Tonstad et al. Bupropion SR for smoking cessation in smokers with CV disease. Eur Heart J 2003; 24(10):946-55.
Jorenby et al. A controlled trial of sustained-release bupropion, a nicotine patch, or both for smoking cessation. N Engl J Med 1999; 
340(9):685-91.



Unmet Clinical Need associated with 
Abdominal Obesity 

. Hypertriglyceridemia

. Low HDL-cholesterol

. Elevated apolipoprotein B

. Small, dense LDL particles

. Inflammatory profile

. Insulin resistance

. Hyperinsulinemia

. Glucose intolerance

. Impaired fibrinolysis

. Endothelial dysfunction

Genetic susceptibility to DM, 

HBP,  CAD ultimately affects the 

clinical features of the MS

“Persons who are naturally fat are apt to 

die earlier than those who are slender”

Hippocrates (460-377BC)









Abdominal obesity is associated with increased risk of both 

diabetes and CVD

40

Population of 168,000 primary care patients across 63 countries

Balkau et al. Circulation 2007;116:1942–51.
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Overweight/Obesity Treatment Options in T2DM

Body Mass Index (BMI) Category (kg/m2)

Treatment

25.0-26.9

(or 23.0-26.9*)

27.0-29.9 30.0-34.9

(or 27.5-32.4*)

35.0-39.9

(or 32.5-37.4*)

≥40

(or ≥37.5*) 

Diet, 

physical activity & 

behavioral therapy
┼ ┼ ┼ ┼ ┼

Pharmacotherapy 
┼ ┼ ┼ ┼

Metabolic surgery 
┼ ┼ ┼

*  Cutoff points for Asian-American individuals.

┼  Treatment may be indicated for selected, motivated patients.

Obesity Management for the Treatment of Type 2 Diabetes: 

Standards of Medical Care in Diabetes - 2018. Diabetes Care 2018; 41 (Suppl. 1): S65-S72











Hypertension: each 20/10 mmHg BP increase doubles the risk of 

CV mortality

Population of 1 million adults with no previous vascular disease recorded at baseline in 61 prospective observational studies of blood pressure and mortality

Lewington et al. Lancet  2002;360:1903–13.
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10 mmHg reduction in SBP reduces all-cause mortality, macrovascular and 

microvascular outcomes in T2D

47

Meta-analysis of 40 large scale, randomised, controlled trials of BP-lowering treatment including patients with diabetes (n=100,354 participants).

Emdin et al. JAMA 2015;313:603–15.

Stroke

Outcome

All-cause mortality

Macrovascular disease

CV disease

CHD

Stroke

Heart failure

Microvascular disease

Renal failure

Retinopathy

Albuminuria

0.5 1.0 2.0

Favours BP lowering Favours control

Relative risk (95% CI)



-32

-24 -23 -22
-24

-31

-25

-44

-37

-8

-42

-19

-25

-18

-11

-60

-50

-40

-30

-20

-10

0
R

R
 r

e
d

u
c
ti
o

n
 o

r 
h

a
z
a

rd
 r

a
ti
o

  
(%

)

Combined

Statin therapy has a pivotal role in reducing CV risk

48

1. Ryden et al. Eur Heart J 2007;28:88–136.  2. Libby. J Am Coll Cardiol 2005;46:1225–8.  3. LaRosa et al. N Engl J Med 2005;352:1425–35. 

4. Shepherd et al. N Engl J Med 1995;333:1301–8.  5. Downs et al. JAMA 1998;279:1615–22.  6. Ridker et al. N Engl J Med 2008;359:2195.

7. Colhoun et al. Lancet 2004;364:685–96.  8. ALLHAT-LLT. JAMA 2002;288:2998–3007.
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Hyperglycemia is an independent risk factor for adverse CV 

outcomes

1. Sarwar et al. Lancet 2010;375:2215–22.

2. Seshasai et al. N Engl J Med 2011;364:829–41. 
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VADT3UKPDS2

ADVANCE5

ACCORD4

Major historic T2D CV outcomes trials focused on intensive vs 

conventional glycemic control

1. Meinert et al. Diabetes 1970;19(suppl):789–830.  2. UKPDS 33. Lancet 1998;352:837–53. 

3. Duckworth et al. N Engl J Med 2009;360:129–39.  4. Gerstein et al. N Engl J Med 2008;358:2545–59. 

5. Patel et al. N Engl J Med 2008;358:2560–72.  

1950 1960 1970 1980 1990 2000 2010

UGDP1

Date of first patient enrolment



Myocardial infarction* p = 0.052 16%

Diabetes-related death* p = 0.3410%

All-cause mortality* p = 0.446%

0 10 20 30 40

Any diabetes-related endpoint* p = 0.02912%

Microvascular complications* p = 0.009925%

Retinopathy progression† p = 0.01521%

Microalbuminuria† p = 0.00005433%

Risk reduction (%)

UKPDS: Intensive glycemic control reduced microvascular but not 

macrovascular outcomes

*Median follow-up, 10 years; †assessed as surrogate  endpoints; follow-up, 12 years.

UKPDS 33. Lancet 1998;352:837–53. 



UKPDS: Long-term follow-up revealed significant reduction in 

MI associated with previous intensive glycemic control

Holman et al. N Engl J Med 2008;359:1577–89.

Overall values at the end of the study in 1997

Annual values during the 10-year post-trial monitoring period
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ADVANCE: intensive glycemic control reduced 

microvascular but not macrovascular events

Patel et al. N Engl J Med 2008;358:2560–72.
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ACCORD: Intensive glucose-lowering arm terminated early (after 3.5 years) 

because of higher mortality

*First occurrence of non-fatal MI or non-fatal stroke or death from CV causes.

Gerstein et al. N Engl J Med 2008;358:2545–59.

Intensive therapy
(n = 5128)

Standard therapy
(n = 5123)

Outcome
No. of patients 

(annual event rate, %)
No. of patients

(annual event rate, %)

Primary outcome* 352 (2.11) 371 (2.29)

Secondary outcome

Death

Any cause 257 (1.41) 203 (1.14)

CV cause 135 (0.79) 94 (0.56)

Non-fatal stroke 67 (0.39) 61 (0.37)

Fatal or non-fatal 
CHF

152 (0.90) 124 (0.75)

0.5 1.0 2.0

Hazard ratio (95% CI)

Favours 

intensive therapy

Favours 

standard therapy

Non-fatal MI 186 (1.11) 235 (1.45)



VADT: No difference in primary endpoint between intensive and standard 

glucose-lowering therapy after 5.6 years

*composite of MI, stroke, CV death, CHF, surgery for vascular disease, inoperable coronary disease, and amputation for 

ischaemic gangrene

Duckworth et al. N Engl J Med 2009;360:129–39.
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VADT: Significant benefit of intensive vs. standard glucose-lowering therapy in 

primary endpoint at 10-year follow up

*composite of heart attack, stroke, new or worsening congestive heart failure, amputation for ischemic gangrene, or death from cardiovascular causes

Hayward et al. N Engl J Med 2015;372:2197-206.

Primary outcome*

P
ro

b
a
b
ili

ty
 o

f 
n
o
 e

v
e
n
t

0 4 8 12

Years

0.00

0.25

0.50

0.75

1.00

1062

Intensive therapy

Standard therapy

HR 0.83 (95% CI: 0.70–0.99)

p = 0.04



VADT 15 year Follow up- No legacy Effect /no difference in cardiovascular events, 

total mortality, or quality of life in intensive group vs standard glucose-lowering 

therapy 

60



Intensive glycemic control (IGC) has an imperfect role in
reducing the cardiovascular complications associated with T2DM. 

IGC-was associated with a clear risk of serious hypoglycemia (HR=2.48, 
95% CI 1.91-3.21).

There is some evidence favoring a delayed cardiovascular benefit of early 
IGC, as suggested by the 10-year follow-up of UKPDS.

On the other hand, the attainment of IGC in long-established and poorly 
controlled T2DM was associated with 22% excess cardiovascular mortality, 
in the intensive arm of the ACCORD trial.

This evidence has generated the concept of “residual vascular
Risk”



Intensive lifestyle intervention, focused on weight loss, 

improved CV risk factors in T2D in the short term

62

*p < 0.001 vs diabetes support and education.

Look AHEAD Research Group. Diabetes Care 2007;30:1374–83.
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No. at risk

Control 2575 2425 2296 2156 2019 688

Intervention 2570 2447 2326 2192 2049 505

Intensive lifestyle intervention, focused on weight loss, did 

not improve CV risk in T2D in the long term

63

Endpoint: Composite of CV death, non-fatal MI, non-fatal stroke and hospitalisation for angina. 

Look AHEAD Research Group. N Engl J Med 2013;369:145–54. 
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Steno-2: Intensive multifactorial control of CV risk factors reduces CV risk in 

patients with T2D and microalbuminuria

64

Composite endpoint: CV death, non-fatal MI, non-fatal stroke revascularisation and amputation.

Gaede et al. N Engl J Med 2003;348:383–93.

Unadjusted HR 0.47 

(95% CI: 0.24‒0.73); p = 0.008
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Steno-2: Intensive multifactorial control of CV risk factors continues to reduce CV 

risk over long-term follow-up

65

Gaede et al. N Engl J Med 2008;358:580–91.
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A multifactorial approach is recommended for control of CV risk in 

patients with T2D

*Lower targets (e.g., <130/80 mmHg) may be appropriate for certain individuals, such as younger patients, if they can be achieved without 

undue treatment burden. †More or less stringent goals may be appropriate for individuals. ‡Not recommended for those at low CV risk.

1. American Diabetes Association. Diabetes Care 2015;38(suppl. 1):S1–S94. 2. Rydén et al. Eur Heart J 2013;34:3035–87.

Risk factor Goal1 Recommendation1

Raised blood pressure < 140/90 mmHg* ACE inhibitor or ARB

Abnormal blood lipids LDL cholesterol < 100 

mg/dL  (< 2.6 mmol/L)

Lifestyle modification and statin 

therapy

Tobacco use Smoking cessation Counselling and pharmacological 

therapy

Hyperglycaemia HbA1c < 7%†

(< 53 mmol/mol)

Lifestyle modification and then 

metformin as initial monotherapy

Raised CV risk: 10-year risk > 10% Antiplatelet use ASA (75–162 mg/day)‡

• American1 and European2 recommendations on CV risk factor management are similar
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Summary

• T2D is a major independent risk factor for CVD1

• Endothelial dysfunction and progression of atherosclerosis is accelerated in 

patients with T2D2,3

• Patients with T2D are at significantly increased CV risk4

• Additional risk factors associated with T2D4-9

– Hypertension, dyslipidaemia, visceral adiposity, hyperglycaemia and renal 

dysfunction are all associated with further increasing CV risk

1. World Health Organization. http://www.who.int/diabetes/action_online/basics/en/index3.html. 2. Libby P. Circulation. 

2001;104:365-372. 3. Zeadin, et al. Can J Diabetes. 2013;37:345e350. 4. Sarwar et al. Lancet. 2010;375(9733):2215–2222. 

5. Seshasai et al. N Engl J Med. 2011;364:829–841. 6. Lewington S, et al. Lancet. 2002;360:1903–1913. 7. Grundy et al. 

Arteriosclerosis, Thrombosis, and Vascular Biology. 2004;24:e149-e161. 8. Taylor AJ. European Heart Journal. 

Supplement 2006;8:F74–80. 9. Balkau B, et al. Circulation. 2007;116:1942–1951. 
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