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Risk of CVD in diabetes vs. no diabetes 
Emerging Risk Factors Collaboration – Lancet 2010; 375: 2215-2222 



Risk of CVD in diabetes vs. no diabetes after 
stratification by main clinical features 

Emerging Risk Factors Collaboration – Lancet 2010; 375: 2215-2222 



Risk of CVD in diabetes vs. no diabetes after 
adjusting for possible confounding factors 

Emerging Risk Factors Collaboration – Lancet 2010; 375: 2215-2222 



Macrovascular disease in T2DM
Riace – SID Study
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Complicanze croniche del diabete tipo 2
alla diagnosi (UKPDS - fine anni settanta)   
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Prevalence of Complications at Time of 
Diagnosis of Type 2 Diabetes in Verona

Verona Newly Diagnosed Diabetes Study; Bonora et al; unpublished data
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Incidenza di infarto e ictus nel 
diabete tipo 2 in Italia 

In 10 anni 
 
1 maschio ogni 8 e 1 donna ogni 16  
Avranno un infarto (più spesso fatale rispetto ad 
un non diabetico) o saranno sottoposti ad una 
rivascolarizzazione coronarica  

1 maschio ogni 16 ed 1 donna ogni 16  
Avranno un ictus (più spesso fatale rispetto ad 
un non diabetico) 

DAI Study - Avogaro et al, Diabetes Care 2007; Giorda et al, Stroke 2007



Diabete fra i soggetti accolti in Unità 
Coronarica a Verona (anno 2011) 
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Diabetes in the Global Registry of  
Acute Coronary Syndromes 

 (GRACE Study; Franklin et al; Arch Intern Med 164:1457, 2004) 
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Type 2 Diabetes Increases the Risk of Incident  
Congestive Heart Failure  

Nichols GA et al. Diabetes Care 2004; 27: 1879–84 

The Kaiser Permanente Northwest study 
n=8,231 patients with diabetes and 8,845 non-diabetic patients; follow up duration: 6 years  



Causa principale sulla SDO Tassi per 1000
diabetici

Tassi per 1000 
non diabetici

Differenza rispetto 
ai non diabetici (%) 

Insufficienza cardiaca 15.7 4.3 +263 

Altre malattie del polmone 9.3 2.6 +259 

Infarto del miocardio 7.3 2.7 +172 

Altre forme di cardiopatia ischemica 6.1 1.9 +213 

Aritmie cardiache 5.8 3.3 +75 

Fratture collo femore 5.0 3.4 +47 

Artrosi 5.0 4.6 +8 

Occlusione arterie cerebrali 4.7 1.8 +169 

Colelitiasi 4.4 3.3 +31 

Broncopolmonite 4.0 1.5 +170 

Prime 10 cause di ricovero nei diabetici
ARNO Diabete 2012
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Diabete  

Malattie del
tubo digerente 

 

Malattie del sistema
respiratorio

 
Altre cause

Cause di morte fra i diabetici italiani
(Verona Diabetes Study, 1986-1996)  
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Estimated Years of Life Lost due to DM 
Emerging Risk Factors Collaboration – N Engl J Med 2011; 364: 829-841 

N= 700.000 



The Killing Glycemic Triad in T2DM 

Hypoglycemia Glucose variability 

Hyperglycemia (including peaks) 



  Updated mean HbA1c concentration (%) 

Adjusted for age, sex, and ethnic group 

Microvascular complications 
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UKPDS 35 - BMJ 2000; 321:405–412 

Incidence of Myocardial Infarction and 
Microvascular Complications in T2DM According 

to HbA1c – Observational Analysis 

Myocardial infarction 



Post-prandial glucose and CVD in T2DM 
(Cavalot et al - Diabetes Care 34: 2237, 2011) 

N=505; age 62 yr, duration 9 yr, follow-up 14 yr; multivariate model 
including many potential confounding factors 

HR 95% CI P value 

HbA1c >7% 1.732 1.187-2.526 0.004 

Post-lunch glucose  
>180 mg/dl 1.452 1.057-1.994 0.021 



VADT - Predictors of CVD Death 

Variable Hazard 
Ratio 

P 
Value 

Prior CVD event 3.116 0.0001 

Age (per 10 yr) 2.090 <.0001 

HDL (per 10 mg) 0.699 0.0079 

Baseline HbA1c 
per 1% 

1.213 0.0150 

Severe Hypoglycemia 4.042 0.0076 
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Cardiovascular mortality in elderly patients with 
T2DM stratified according to the 

variability  of fasting plasma glucose (CV-FPG)
(Verona Diabetes Study; Muggeo et al - Circulation 96: 1750,1997)
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Prevalence of “Traditional non Glycemic” 
Cardiovascular Risk Factors in Subjects with T2DM 

(Verona Diabetes Complications Study; Bonora et al, Diabet Med 21: 52, 2004) 



BMI and risk of CHD in diabetic women from  
Nurses’ Health Study: 20-yr follow-up 

(Cho et al; Diabetes Care 25: 1142, 2002)
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Wormser D. et al. Lancet. 2011 Mar 26; 377(9771):1085-95.  

58 prospective studies: 221,934 people, 70% of these participants also had data on smoking status, systolic blood 
pressure, history of diabetes, and total and HDL cholesterol. 



End Point Hazard Ratios Associated  
with Increase in SBP – UKPDS Observational 

Hazard 
ratio 

(Adler A et al. - BMJ 2000; 321:412–419) 

Updated mean SBP (mm Hg) 
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16 prospective studies with approximately 40,000 T2DM pts; follow-up range of 4.8–11 years.  
Study outcome: CVD death. 

Wang Y. et al. Diabetes Res Clin Prac. 2013; 102: 65–75 



Odds ratios for incident CHD events in individuals in the upper 
tertile of triglycerides concentrations compared with those in the 

lowest tertile in the EPIC-Norfolk study, the Reykjavik study and in 
a meta-analysis of 29 prospective studies 

(Sarwar N et al - Circulation 2007;115:450-455) 
  



Metabolic Syndrome predicts CVD in T2DM 
(Verona Diabetes Complications Study; Bonora et al, Diabetic Med 21: 52, 2004) 

1.16-20.7 4.89 Metabolic Syndrome  
(yes vs no) 

1.03-1.36 1.18 HbA1c (per unit) 

1.01-2.64 1.63 Smoking (yes vs no) 

1.03-1.07 1.05 Age (per year) 

C.I. OR 

n= 559; age 65 yr; duration 9 yr; follow-up 4.5 yr 
CVD= cardiovascular death, nonfatal MI or stroke, angina, TIA, asymptomatic CHD,  
carotid or peripheral  atherosclerosis (echo-doppler) 
Sex, duration, treatment and LDL concentration did not enter in the model 



Insulin Resistance Predicts CVD in T2DM  
(Verona Diabetes Complications Study; Bonora et al, Diabetes Care 25: 1135, 2002) 

  

  
N=627, follow-up 4,5 yr. Model including also sex, duration, BMI, hypertension, HbA1c. 
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OR 

CVD= cardiovascular death, nonfatal MI or stroke, angina, TIA, asymptomatic CHD,  
carotid or peripheral  atherosclerosis (echo-doppler) 

Age 

1.02-1.06 
p<0.001 

Smoking 

1.00-2.35 
p=0.01 

T-Chol/HDLChol 

1.06-1.39 
p<0.001 

1.14-2.12 
p<0.001 

Ln(HOMA) 



Cardiovascular Risk Factors 
in Diabetes 

 
•  Male sex 
•  Age 
•  FH CVD 
•  Glucose 
•  LDL cholesterol 
•  HDL cholesterol 
•  Triglycerides 
•  Blood pressure 
•  Smoking 
•  BMI 
•  Prior CVD 

•  Lp(a) 
•  Homocystein 
•  Fibrinogen 
•  PAI-1 
•  CRP 
•  Microalbuminuria 
•  Uric acid 
•  GFR 
•  NAFLD 

•  VCAM-1 & Co. 
•  vWF 
•  ADMA 
•  Zinc 
•  NT-pro-BNP 
•  …. 
•  …. 
•  …. 

Non-traditional Traditional 



Fox C. et al. Lancet 2012; 380: 1662–1673 

1,024,977 participants (128,505 with diabetes) from 30 general population and high- risk cardiovascular 
cohorts and 13 chronic kidney disease cohorts, during a mean follow-up of 8.5 years 

ACR 



Fox C. et al. Lancet 2012; 380: 1662–1673 

e-GFR 



Risk of Cardiovascular Events and Death as a 
function of eGFR and albuminuria in T2DM  

ADVANCE Study; Ninomiya T. et al. JASN, 2009; 20: 1813-21 



Ultrasonography-Diagnosed NAFLD is an 
Independent Predictor of CVD in T2DM 

Targher G et al – Diabetes 2005; 12: 3541-3546  

Variable Model 1 Model 2 Model 3 
Age 
(per 10 yr) 

1.13 
(1.07-1.14) 

1.13 
(1.07-1.14) 

1.12 
(1.06-1.14) 

Sex 
(M vs F) 

1.48 
(1.1-2.0) 

1.46 
(1.2-1.9) 

1.46 
(1.2-1.9) 

Smoking 
(yes vs. no) 

1.42 
(1.1-2.0) 

1.40 
(1.1-1.9) 

1.40 
(1.1-1.9) 

NAFLD 
(yes vs. no) 

1.90 
(1.4-2.2) 

1.84 
(1.4-2.1) 

1.53 
(1.1-1.7) 

N=744, follow-up 5 yrs  
Model 1: age and sex 
Model 2: + smoking history, diabetes duration,  HbA1C, LDL cholesterol, GGT levels, and use 
of medications (i.e., hypoglycemic, antihypertensive, lipid-lowering, or antiplatelet drugs)  
Model 3: + metabolic syndrome 



Non-Traditional Risk Factors in T2DM 
(Bruneck Study; unpublished) 

NGT T2DM p 
Waist (cm) 86 92 0.03 
Adiponectin (mg/dl) 12.7 8.9 0.001 
Leptin (ng/ml) 8.9 12.6 0.001 

Uric Acid (mg/dl) 5.28 5.92 0.001 

ApoA1 (mg/dl) 165 154 0.002 

ApoB (mg/dl) 119 135 0.001 

LDL-Ox (U/L) 32 37 0.002 



Non-Traditional Risk Factors in T2DM 
(Bruneck Study; unpublished) 

NGT T2DM P 
Ferritin (µg/l) 135 266 0.001 
WBC (per mm3) 6379 7560 0.001 
hs-CRP (mg/l) 0.15 0.40 0.001 

ICAM-1 (ng/ml) 327 378 0.001 

VCAM (ng/ml) 688 777 0.031 

E-selectin (ng/ml) 52 68 0.001 

MMP-9 (ng/ml) 285 375 0.001 



CRP Predicts CVD in Men with T2DM 
(Health Professional Study;  Schulze et al, Diabetes Care 27: 889, 2004) 

Data adjusted for age, life-style factors, hypertension, cholesterol, BMI
N= 746; follow-up 5 years
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Kaptoge S. et al. NEJM. 2012; 367: 1310-1320. 



VCAM-1 Predicts Mortality in T2DM 
(Stehouwer et al; Diabetes  51:1157, 2002) 

n=328; follow-up 9 years 
Data adjusted for age, sex, duration, prior CVD, UAE, BMI, SBP, cholesterol, HbA1c 

R
R 

VCAM-1 Tertiles 

0

0.5

1

1.5

2

2.5

I II III



Lp(a) Predicts CHD in Diabetic Women  
(Nurses’ Health Study; Shai et al; Diabetologia 48: 1469, 2005) 

N=921, follow-up 10 years. Adjusted for age, smoking, alcohol, physical activity, 
HRT, BMI, Aspirin, LDL-cholesterol, HDL-cholesterol, hypertension, HbA1c 



Homocystein Predicts CVD in Subjects with 
Various Degrees of Glucose Tolerance 

(Hoorn Study; Hoogeveen et al, ATVB 18: 133, 1998)
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N=631. Data adjusted for classic risk factors and creatinine



Fibrinogen Predicts CVD Mortality in T2DM  
(Bruno et al; Diabetologia  48:427, 2005) 

n=1565; follow-up 11 years 
Adjusted for age, sex, HbA1c, LDL, HDL-C ratio, hypertension, smoking, baseline CHD 
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Serum Zinc predicts CHD in T2DM 
(Soinio et al; Diabetes Care 30:523, 2007) 
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n= 1059; age 45-64 yr; follow-up 8 years 
Adjusted for age, sex, duration, cholesterol, HDL-C, triglycerides, HbA1c, GFR, 
hypertension, smoking, BMI, treatment 

CHD mortality CHD events 

p=0.033 
p=0.002 

Zinc (µmol/l) 



ADMA predicts CVD (MACE) in T2DM
(Kryzanowska et al; Diabetes Care 30: 1834, 2007)

N=125; follow-up 21 months; adjusted for sex, age, baseline CVD and GFR 

HR  T1=1 
 T2=1.73 
 T3=2.37, p<0.05 



Non diabetic  

Inflammation biomarkers and CVD mortality in diabetes 
(Engstrom et al; Diabetes  52:442, 2003) 

Diabetic 

n= 6050; men; follow-up 19 yrs 
Inflammation + = two or more biomarkers in top quartile 
Biomarkers= fibrinogen, α-1-antitrypsin, haptoglobin, ceruloplasmin, orosomucoid 
Adjusted for age, BMI, smoking, cholesterol, triglycerides, hypertension, physical activity 
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1Body mass index, triglycerides, HDL cholesterol, plasma glucose, 
previous history of stroke, use of diuretics, and duration of diabetes. 

Age, gender, smoking, cholesterol, 
hypertension, and other risk factors1 

Age, gender, smoking, cholesterol, 
hypertension 

Unadjusted 

95% 
 C.I. 

Hazard 
ratio 

Uric acid predicts stroke in T2DM 
(Lehto et al; Stroke 29: 635, 1998) 

1.24 
2.94 1.91 <0.005 

1.16 
2.61 1.74 <0.01 

1.30 
2.86 1.93 <0.001 

P 
value 



n= 2726 type 2 diabetic men and women. Mean follow-up: 4.7 years 



Ford E.S. Diabetes Research and Clinical Practice. 2011; 93: e84-86 

13,802 participants: 978 with diagnosed diabetes (550 total deaths; 249 from major CVD) and 12,824 
without diagnosed diabetes (2669 total deaths; 1146 from major CVD). 
 
 



Non traditional risk 
factors and CHD in 

T2DM
(ARIC Study – Saito et al; 
Ann Int Med 133: 81, 2000)

N=1676; follow-up 8 years



p=0.048 

Plasma N-terminal pro-brain natriuretic peptide 
(NT-proBNP) predicts CVD in T2DM 

(Steno Study, Gaede et al; Diabetologia  48:156, 2005) 

p=0.021 p=0.001 

Adjusted for baseline CVD,  duration, age, sex, SBP, cholesterol, 
triglycerides, AER 
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Multiple biomarkers for the prediction of death and 
CVD (MACE)  

(Framingham Heart Study; Wang et al, NEJM 355: 2631, 2006) 

Multimarker score for death= B-NP, homocysteine, 
renin, CRP, ACR 
Multimarker score for MACE= B-NP, ACR 

N=3209; follow-up 7.4 years 
Biomarkers: B-NP, NT-proANP, CRP, aldosterone, 
renin, fibrinogen, PAI-1, D-dimer, homocystein, ACR 



Multiple biomarkers for 
the prediction of death 

and CVD (MACE)  
(Framingham Heart Study; Wang et al,  

NEJM 355: 2631, 2006) 

Multimarker score for death= B-NP, homocysteine, 
renin, CRP, ACR 

Multimarker score for CVD= B-NP, ACR 

N=3209; follow-up 7.4 years 



Prediction of CHD (ROC analysis) in T2DM  
(ARIC Study; Folsom et al, Diabetes Care 26: 2777, 2003) 

0.740 0.771 + multiple Risk Factors* 

0.693 0.736 + vWF 

0.673 0.723 + fibrinogen 

0.671 0.718 + Apo B 

0.672 0.720 + LP(a) 

0.672 0.732 + creatinine 

0.689 0.723 + WHR 
0.674 0.731 + BMI 
0.672 0.721 Basic model 
Men Women 

Basic model = age, race, cholesterol, HDL-C, SBP or drugs, smoking 
* Also including heart rate, sport activity, diet score, residual FEV1, ApoA1, 

 albumin, factor VII, WBC 



Cardiovascular Risk Factors 
Paradigm #1  
A risk factor does not necessarily improve prediction 

Paradigm #2  
A risk factor does not necessarily imply causality in the 
statistical association. It might be just a marker, i.e. good 
for identifying subjects at risk and/or improving prediction 
but unsuitable for being a target of treatment 
 
Paradigm #3 
Cause-effect associations require, consistency, strength, 
specificity, biological plausibility (coherence), temporality  
 



The risk associated to a given clinical/
biochemical trait can change according to the 

presence/absence of other traits 
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UKPDS - Main Results of the  

Glucose Control Study   
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Effects of Intensive Glycemic Control on CVD 

and All-Cause Death in T2DM – A Meta-Analysis   

-15 

-10 

-5 

0 

In
te

ns
iv

e 
vs

 S
ta

nd
ar

d 
(%

) 

-15% 

-11% 

-2% 
-3% -4% 

CVD 
Events 

CHD 
events 

Stroke 
Events CVD 

death 
All-cause 

death 

Kelly et al - Ann Intern Med 2009;151: 394-403 

UKPDS, ACCORD, ADVANCE, VADT 



Reduction of Events with Intensive Control of 
Blood Pressure in T2DM

(UKPDS, 1998)

BP targets: intensive treatment <150/85; conventional treatment <180/105
Mean BP: intensive 144/82, conventional = 154/87
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related event
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Effect of blood pressure lowering therapy on CVD 

in T2DM -  A Meta-analysis   
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(Blood Pressure Lowering Treatment Trialists‘ Collaboration - Arch Intern Med 165: 1410, 2005) 
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Effect of cholesterol lowering therapy on CVD 

in T2DM -  A Meta-analysis   
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(Cholesterol Treatment Trialists Collaboration; Lancet 371: 117, 2008) 

No DM DM

Major CHD events Stroke 

Per 1 mmol/l reduction LDL-C 



Diabetes with CVD 
CHD  779 (30.3)  918 (36.2)   18% (P<0.0001) 
Other CVD  127 (15.8)  156 (20.7)   22% (P=0.02) 
Subtotal  906 (26.8) 1074 (32.6)   19% 

Cholesterol Treatment Trialists’ Collaboration: 
Reduction of MACE in Diabetes per 1 mmol 

CVD/BP status                  Event rate, n (%)  Hazard ratio (CI*)  Relative risk
 Statin  Control   reduction 

Diabetes without CVD 
Hypertension  422 (10.0)  504 (12.0)   25% (P=0.0003) 
No hypertension  137 (7.7)  204 (11.2)   30% (P<0.0001) 
Subtotal  559 (9.3)  708 (11.8)   27% 

All diabetes  1465 (15.6) 1782 (19.2)   21% 

Placebo better Statin better N=18,686 patients with diabetes 
*      95% CI        99% CI 

0.5 1.0 1.5

(Cholesterol Treatment Trialists Collaboration – Lancet 2008; 371:117-25) 



Taylor F et al. Cochrane Database of Systematic Reviews 2013, : CD004816.  

18 trials recruited 56,934 participants and observed outcomes ranging from 1 to 5.3 years. 
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