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CVD outcomes in people with vs without diabetes

Emerging Risk Factors Collaboration. Lancet. 2010;375:22152222

Collaborative meta-analysis of 102 prospective studies
(n=698,782; 52,765 non-fatal or fatal vascular outcomes; 8.49 million person-years at risk)
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Coronary heart disease by baseline fasting glucose levels

Emerging Risk Factors Collaboration. Lancet. 2010;375:22152222

Collaborative meta-analysis of 102 prospective studies
(n=698,782; 52,765 non-fatal or fatal vascular outcomes; 8.49 million person-years at risk)
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The Emerging Risk Factors Collaboration. N Engl J Med. 2011;364:829-841

Years of life lost owing to diabetes by cause of death, age and gender

Collaborative meta-analysis of individual-participant data from 97 studies
(n=820,900 with and without diabetes; 123,205 deaths)
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Rawshani A et al. Lancet. 2018;392:477–486

CVD outcomes and years of life lost according to age at diagnosis

Cohort study of individuals with type 1 diabetes in the Swedish National Diabetes Register
(n=27,195 individuals with type 1 diabetes, 959 deaths, and 135,178 matched controls, 1,501 deaths; median follow-up 10 years)
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Rawshani A et al. N Engl J Med. 2018;379:633-644

CVD outcomes according to range of risk factor control

Cohort study of individuals with type 2 diabetes in the Swedish National Diabetes Register
(n=271,174 individuals with type 2 diabetes and 1,355,870 matched controls; median follow-up 5.7 years)
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Cardiovascular risk assessment

2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD

Cosentino F et al. Eur Heart J. 2019 Aug 31
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Cardiovascular risk stratification

2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD

Cosentino F et al. Eur Heart J. 2019 Aug 31

Cardiovascular risk categories in patients with diabetesa

10-year risk of
CV death >10%

10-year risk of
CV death 5-10%

10-year risk of
CV death <5%
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Cardiovascular risk assessment and stratification

Cosentino F et al. Eur Heart J. 2019 Aug 31

2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD
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Cardiovascular risk assessment and stratification – clinical case

GS

Age: 68 years
Gender: male
Ethnicity Caucasian
Former smoker (nonsmoker for 10 years)
Diabetes duration: 14 years

HbA1c: 8.3% (67 mmol/mol)
Triglycerides: 189 mg/dl (2.14 mmol/l)
Total cholesterol: 210 mg/dl (5.44 mmol/l)
HDL cholesterol: 52 mg/dl (1.35 mmol/l)
LDL cholesterol: 120.2 mg/dl (3.11 mmol/l)
Blood pressure: 135/85 mmHg

Treatment: Metformin 1000 mg bid, Gliclazide 60 mg qd, Ramipril 5 mg + 
Hydrochlorothiazide 25 mg qd, Amlodipine 5 mg qd, Simvastatin 10 mg qd
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The risk assessment tool below uses information from the Framingham Heart Study to predict a person’s chance
of having a heart attack in the next 10 years. This tool is designed for adults aged >20 who do not have heart
disease or diabetes. To find your risk score, enter your information in the calculator below.

Risk Assessment Tool for Estimating Your 10-year Risk of Having a Heart Attack

Calculate your 10-year risk

No      Yes 

mm/Hg 

No      Yes 

mg/dL 

mg/dL 

Female       Male 

years 68

Total cholesterol: is the sum of all the cholesterol in your blood. The higher your total cholesterol, the greater your risk for heart disease.
<200 mg/dL: ‘desirable' level that puts you at lower risk for heart disease. A cholesterol level of 200 mg/dL or greater increases your risk.
200 to 239 mg/dL: ‘borderline-high.'
>240 mg/dL: ‘high' blood cholesterol. A person with this level has more than twice the risk of heart disease compared to someone whose cholesterol is <200 mg/dL.

High density lipoprotein (HDL) cholesterol: is the 'good' cholesterol. HDL carry cholesterol in the blood from other parts of the body back to the liver, which leads to
its removal from the body. So HDL help keep cholesterol from building up in the walls of the arteries.
<40 mg/dL: a major risk factor for heart disease
40 to 59 mg/dL: the higher your HDL, the better
>60 mg/dL: an HDL of 60 mg/dL and above is considered protective against heart disease.

Smoker: select “yes” if you have smoked any cigarettes in the past month.

Systolic blood pressure: is the first number of your blood pressure reading. For example, if your reading is 120/80 (120 over 80), your systolic blood pressure is 120.

http://hp2010.nhlbihin.net/atpiii/calculator.asp

Cardiovascular risk stratification using avaliable algorithms

Are you currently on any medication to treat high blood pressure. 

Systolic blood pressure:

Smoker:

HDL cholesterol

Total cholesterol:

Gender: 

Age: 

210

52

135

16%
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http://www.cuore.iss.it/valutazione/carte-pdf.pdf

Cardiovascular risk stratification using avaliable algorithms
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http://www.cuore.iss.it/sopra/calc-rischio.asp

Cardiovascular risk stratification using avaliable algorithms

27%

M

68

No

135

135

210

52

Si

Si
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http://www.cvriskcalculator.com/

Cardiovascular risk stratification using avaliable algorithms

35,1%

2013 Guideline on the Assessment of Cardiovascular Risk
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UKPDS Risk Engine, http://www.dtu.ox.ac.uk/riskengine/ 

Cardiovascular risk stratification using avaliable algorithms
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What avaliable algorithms do not consider

Classical algorithms to quantify total CV risk consider (some) traditional risk 
factors (age, gender, ethnicity, hypertension, dyslipidemia, smoking), but pay 
limited or no attention to other risk factors (traditional and nontraditional) 

and particularly to search/detection of (subclinical) organ damage

Overweight and 
(central) obesity

C-reactive protein and 
fibrinogen 

(inflammatory markers

Physical inactivity & 
sedentary behavior

Macrovascular

hsTnT and NT-proBNP
(markers of myocardial

injury)
Microvascular
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Cardiovascular risk assessment and stratification – clinical case

GS

Age: 68 years
Gender: male
Ethnicity Caucasian
Former smoker (nonsmoker for 10 years)
Diabetes duration: 14 years
Physically inactive (~30 min/wk mod-vig PA)
Sedentary (~12 h/day sitting or reclined) 

HbA1c: 8.3% (67 mmol/mol)
Triglycerides: 189 mg/dl (2.14 mmol/l)
Total cholesterol: 210 mg/dl (5.44 mmol/l)
HDL cholesterol: 52 mg/dl (1.35 mmol/l)
LDL cholesterol: 120.2 mg/dl (3.11 mmol/l)
Blood pressure: 135/85 mmHg
BMI: 33.9 kg/m2

Waist circumference: 116 cm
Treatment: Metformin 1000 mg bid, Gliclazide 60 mg qd, Ramipril 5 mg + 

Hydrochlorothiazide 25 mg qd, Amlodipine 5 mg qd, Simvastatin 10 mg qd

ACR: 26 mg/g
eGFR: 42 ml/min/1.73 m2

Fundus examination: mild NPDR
VPT great toe: 26 mV

ECG: 85 beats/min, sinus rhythm, LVH
Echocardiogram: LVH (LV mass indexed to 
BSA 133 g/m2), preserved LVEF (58), diastolic 
dysfunction (E/A 0.7), LA dilation (42 mm)
CAC score: 276
ABI: 0.85
Carotid US: no plaque
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2,603 adults aged >60 yrs. *Adjusted for age, exam year, smoking, abnormal exercise ECG, baseline health conditions.

Sui M et al.  JAMA 2007;298:2507-2516

Ad
ju

st
ed

* 
HR

Cardiorespiratory Fitness

106 deaths

98 deaths

95 deaths 90 deaths 61 deaths

P for trend <0.001
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The Aerobics Center Longitudinal Study (ACLS) 

Cardio-respiratory fitness and all-cause mortality
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*Adjusted for age, exam year, and other risk factors
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Blair SN et al. JAMA 1996;276:205-210

The Aerobics Center Longitudinal Study (ACLS) 

Cardio-respiratory fitness and CVD mortality

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Blair SN et al. JAMA 1996;276:205-210

Risk factors:
Current smoking
SBP >140 mmHg
Chol >240 mg/dl

*Adjusted for age, 
exam year, and 
other risk factors

# of risk factors
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Cardio-respiratory fitness, CVD risk factors and mortality

The Aerobics Center Longitudinal Study (ACLS) 
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Blair SN et al. JAMA. 1995;273:1093-1098

199625110Always fit

4141297323Improvers

826470109101Never fit

>60 yrs50-59 yrs40-40 yrs20-39 yrsFitness group

All-cause death rates/10,000 man-years by age group

1440Always fit

3168Improvers

65122Never fit

CVDAll-causeFitness group

Age-adjusted death rates/10,000 man-years

Improvement in cardio-respiratory fitness and all-cause and CVD mortality

The Aerobics Center Longitudinal Study (ACLS) 
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Ruiz JR et al. BMJ 2008;337:a439

503 deaths (145 CVD) in 8,762 men during average follow-up of 18.9 yrs

0
5

10
15
20
25
30
35
40

All-Cause CVD

Low
Middle
High

Ag
e-

ad
ju

st
ed

 d
ea

th
 ra

te
s/

10
,0

00
 m

an
-y

ea
rs

The Aerobics Center Longitudinal Study (ACLS) 

Muscular fitness and all-cause and CVD mortality

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Al
l-c

au
se

 m
or

ta
lit

y 
ra

te

TV viewing time (hours/day)

0

5

10

15

20

25

0 1 2 3 4 5 6
0

5

10

15

20

25

0 1 2 3 4 5 6

CV
D 

m
or

ta
lit

y 
ra

te

TV viewing time (hours/day)

0

5

10

15

20

25

0 1 2 3 4 5 6 0

5

10

15

20

25

0 1 2 3 4 5 6

Ca
nc

er
 m

or
ta

lit
y 

ra
te

O
th

er
-c

au
se

 m
or

ta
lit

y 
ra

te
TV viewing time (hours/day) TV viewing time (hours/day)

Dunstan D et al. Circulation. 2010;121:384-391

Australian Diabetes, Obesity and Lifestyle Study (AusDiab)

Sedentary time and mortality
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Ekelund U et al. BMJ. 2019;366:l4570

Systematic review and harmonised meta-analysis of individual level data from 8 studies 
(n=36,383; mean age 62.6 years; 72.8% women, with median follow-up of 5.8 years, range 3.0-14.5 years, and 2,149, 5.9% deaths)

Physical activity, sedentary behavior and mortality
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Flint AJ et al. Obes Res Clin Pract. 2010;4:e171–e181

The Health Professionals Follow-up Study (HPFS)

BMI, waist circumference and coronary heart disease

<55 years 55-59 years >60 years
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Badrick E et al. BMJ Open Diabetes Research and Care 2017;5:e000369

Matched population-level cohort study using primary care records from Salford, UK

The obesity paradox and mortality
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Lee CD et al. Am J Clin Nutr. 1999;69:373-80
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Fitness, fatness and all-cause and CVD mortality

The Aerobics Center Longitudinal Study (ACLS) 
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Fogelholm M. Obes Rev. 2010;11:202-221

unfit-lean worse 
than fit-obese

unfit-lean equal
to fit-obese

unfit-lean better 
than fit-obese

Fitness, fatness and mortality, type 2 diabetes and CV risk factors
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Intermediate subclinical and clinical endpoint(s) with evidence of prognostic 
(and therapeutic) importance in terms of prediction of non-fatal and fatal events

Organ damage

Risk factors

Subclinical
organ damage

Clinical
disease

Acute
event

Death
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Retinopathy and adverse CVD outcomes

Xie J et al. JAMA Ophthalmol. 2017;135:586-593

Systematic review and meta-analysis of 8 studies
(n=7,604 patients with type 2 diabetes, DME 4.6%, PDR 7.4%; 1,203 incident CVD events, including 916 CHD cases; mean follow-up of 5.9 years)
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Autonomic neuropathy and all-cause mortality

Meta-analysis of 15 studies
(n=3,512; follow-up of 1-16 years)

Vinik AI & Ziegler D. Circulation. 2007;115:387-397

RR >1 test 2.14 (95% CI 
1.83-2.51), P<0.0001
RR >2 test 3.65 (95% CI 
2.66-4.47) , P<0.0001
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Levey AS et al. Kidney Int. 2011;80:17–28

National Kidney Foundation’s 
(NKF’s) Kidney Disease Outcomes 

Quality Initiative (KDOQI)

Kidney Disease: Improving 
Global Outcomes (KDIGO)

Levey AS et al. Ann Intern Med. 2003;139:137–147

CKD3bNA G3bA1(b)Nonalbuminuric
renal impairment

CKD stratification
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Penno G et al. Acta Diabetol. 2018;55:603-612

Categories
Age categories

<55 years 55-64 years 65-74 years >75 years

Al
bu

m
in

ur
ia

 Reference 1.00 1.00 1.00 1.00

A1a 1.90 (1.39-2.60) 1.93 (1.66-2.24) 1.56 (1.42-1.71) 0.93 (0.86-1.00)

A1b 2.88 (2.15-3.86) 2.09 (1.79-2.44) 1.91 (1.75-2.09) 1.14 (1.07-1.21)

A2 5.14 (3.85-6.86) 3.42 (2.92-4.01) 2.94 (2.70-3.20) 1.59 (1.51-1.68)

A3 10.69 (7.02-16.29) 8.62 (7.06-10.53) 5.32 (4.68-6.04) 2.42 (2.24-2.61)

eG
FR

Reference 1.00 1.00 1.00 1.00

G1 2.53 (2.06-3.11) 2.33 (2.07-2.62) 1.61 (1.44-1.80) 0.78 (0.64-0.94)

G2a 2.53 (1.57-4.07) 2.51 (2.12-2.96) 1.75 (1.59-1.92) 0.97 (0.90-1.05)

G2b 6.10 (3.75-9.95) 1.99 (1.53-2.60) 1.96 (1.76-2.17) 1.15 (1.07-1.23)

G3a 13.42 (8.42-21-38) 3.21 (2.26-4.56) 3.08 (2.75-3.46) 1.35 (1.26-1.44)

G3b 10.19 (4.24-2.50) 8.70 (6.36-11.92) 5.60 (4.96-6.33) 1.95 (1.82-2.09)

G4-5 36.30 (21.21-62.09) 11.30 (7.71-16.57) 6.85 (5.71-8.20) 3.00 (2.76-3.25)

Excess mortality versus the general population in 15,656 patients with type 
2 diabetes by age category according to albuminuria and eGFR levels

Contribution of CKD to excess mortality in people with type 2 diabetes

The Renal Insufficiency And Cardiovascular Events (RIACE) Italian Multicentre Study
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Penno G et al. Acta Diabetol. 2018; 55:603-612

Albuminuria categories and all-cause mortality in people with type 2 diabetes

The Renal Insufficiency And Cardiovascular Events (RIACE) Italian Multicentre Study
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Penno G et al. Acta Diabetol. 2018; 55:603-612

eGFR categories and all-cause mortality in people with type 2 diabetes

The Renal Insufficiency And Cardiovascular Events (RIACE) Italian Multicentre Study
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Penno G et al. Diabetologia. 2018;61:2277-2289

1.0 (Ref.)
1.692 (1.534-1.867)
1.750 (1.608-1.907)
2.757 (2.509-3.030)

P<0.0001
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hazards regression, 
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DKD phenotypes and all-cause mortality in people with type 2 diabetes

The Renal Insufficiency And Cardiovascular Events (RIACE) Italian Multicentre Study
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Penno G et al. Diabetologia. 2018;61:2277-2289

KDIGO categories A1a A1b A2 A3

G1 1 (Ref.) 0.936 (0.780-1.124) 1.313 (1.079-1.599) 2.192 (1.546-3.108)

G2a 0.798 (0.667-0.956) 1.050 (0.885-1.246) 1.310 (1.089-1.575) 2.477 (1.816-3.379)

G2b 1.104 (0.833-1.120) 1.057 (0.878-1.273) 1.388 (1.148-1.678) 1.706 (1.232-2.362)

G3a 1.316 (1.071-1.-617) 1.389 (1.138-1.694) 1.482 (1.218-1.804) 2.263 (1.708-3.000)

G3b 1.847 (1.400-2.438) 2.248 (1.791-2.821) 2.089 (1.686-2.590) 2.784 (2.136-3.629)

G4-5 1.613 (0.876-2.968) 2.245 (1.494-3.374) 2.785 (2.094-3.703) 4.662 (3.590-6.054)

Cox proportional hazards regression, adjusted for multiple confounders 

KDIGO categories and all-cause mortality in people with type 2 diabetes

The Renal Insufficiency And Cardiovascular Events (RIACE) Italian Multicentre Study
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Tsioufis C et al. J Hypertens. 2009;27:744-752

LVH vs CKD and adverse CVD outcomes 

1652 hypertensive patients free of CVD
(mean age 54.3 years, 696 male 
patients, office blood pressure 
147/93mmHg, mean period of 6 years)
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Okin PM et al. JAMA. 2004;292:2343-2349

Regression of LVH and adverse CVD outcomes 

Multivariate Cox models, adjusted for treatment effect, baseline Framingham risk score, baseline and in treatment systolic and diastolic BPs;
hazard ratios calculated for a 1 SD decrease in Cornell  product and Sokolow-Lyon voltage

0.6 1.0 1.5

p<0.001

p<0.001

p=0.011
p=0.043
p=0.002

Composite Endpoint

CV Mortality

Myocardial Infarction

Stroke

Hazard Ratio (95% CI)

p<0.001

Sokolow-Lyon voltage
Cornell product

Double-blind, randomized, parallel-group study conducted in 1995-2001 among 9,193 men and 
women with hypertension aged 55-80 years (mean, 67 years)
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Banerjee A et al. Stroke. 2010;41:2102-2107

All-cause mortality

Total cardiovascular events

ABI and adverse CVD outcomes 

Meta-analysis of 16 studies

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Stroke/TIA

Coronary artery disease

Banerjee A et al. Stroke. 2010;41:2102-2107

ABI and adverse CVD outcomes 

Meta-analysis of 16 studies

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Feringa HH et al. Arch Intern Med. 2006;166:529-535

ABI and adverse CVD outcomes 

Resting Post-exercise

3,209 patients (mean age 63 ± 12 years; 71.1% male; mean follow-up 8 years [IQR 4-11 years])
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Kramer H et al. J Am Soc Nephrol. 2005;16:507-513

Diabetes and/or CKD and CAC score

Non-diabetic

Diabetic

Total

No CKD (n=267)

CKD 1-2 (n=62)

CKD 3-5 (n=13)

CAC 101-400

CAC >400

CAC 11-100

CAC <11

0% 20% 40% 60% 80% 100%

Coronary artery calcification (CAC) 

The Dallas Heart Study
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Detrano R et al. N Engl J Med. 2008:358: 1336–1345

Major coronary events
(MI and death from CHD) 

Any coronary event

CAC score and adverse CVD outcomes 

Population-based sample of 6,722 men and women
(38.6% white, 27.6% black, 21.9% Hispanic, and 11.9% Chinese, with no clinical CVD at entry; median follow-up of 3.8 years) 
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Lorenz MW et al. Circulation. 2007;115:459-467

IMT and adverse CVD outcomes

Hazard ratio (HR) per 1 SD difference in CCA-IMT, adjusted for sex and age

Hazard ratio (HR) per 1 SD difference in CCA-IMT, adjusted for sex and age

Stroke 

Myocardial infarction

Systematic review and meta-analysis of 8 studies
(n=37,197)
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Nambi V et al. J Am Coll Cardiol. 2010;55:1600–1607

IMT plus plaque and CHD

The Atherosclerosis Risk In Communities (ARIC) Study
(n=13,145; 5,682 men, 7,463 women)
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Kimoto E et al. J Am Soc Nephrol. 2006;17:2245–2252

Diabetes ± CKD and arterial stiffness 
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434 patients had type 2 diabetes, and there were 192 healthy control subjects
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Vlachopoulos C et al. J Am Coll Cardiol. 2010;55:1318–1327

Aortic PWV (high vs. low) Aortic PWV (per 1 mm/sec increase) Aortic PWV (pewr 1 SD increase)

Total cardiovascular events

All-cause mortality

Cardiovascular mortality

Arterial stiffness and adverse CVD outcomes

Meta-analysis of 17 longitudinal studies
(n=15,877; mean follow-up of 7.7 years)
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Laukkanen JA et al. Arch Intern Med. 2005;165:1788-1793

LA diameter and adverse CVD outcomes
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132 patients (mean age 63 ± 8 years, 56% women) with stable angina 
and non-obstructive CAD diagnosed as <50% stenosis by CCTA

830 men (age 42-61 years) from eastern Finland
(54 deaths due to CVD; mean follow-up of 13 years)
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Cardiovascular risk assessment and stratification – clinical case

GS

Age: 68 years
Gender: male
Ethnicity Caucasian
Former smoker (nonsmoker for 10 years)
Diabetes duration: 14 years
Physically inactive (~30 min/wk mod-vig PA)
Sedentary (~12 h/day sitting or reclined) 

HbA1c: 8.3% (67 mmol/mol)
Triglycerides: 189 mg/dl (2.14 mmol/l)
Total cholesterol: 210 mg/dl (5.44 mmol/l)
HDL cholesterol: 52 mg/dl (1.35 mmol/l)
LDL cholesterol: 120.2 mg/dl (3.11 mmol/l)
Blood pressure: 135/85 mmHg
BMI: 33.9 kg/m2

Waist circumference: 116 cm
Treatment: Metformin 1000 mg bid, Gliclazide 60 mg qd, Ramipril 5 mg + 

Hydrochlorothiazide 25 mg qd, Amlodipine 5 mg qd, Simvastatin 10 mg qd

ACR: 26 mg/g
eGFR: 42 ml/min/1.73 m2

Fundus examination: mild NPDR
VPT great toe: 26 mV

ECG: 85 beats/min, sinus rhythm, LVH
Echocardiogram: LVH (LV mass indexed to 
BSA 133 g/m2), preserved LVEF (58), diastolic 
dysfunction (E/A 0.7), LA dilation (42 mm)
CAC score: 276
ABI: 0.85
Carotid US: no plaque

Screening for CAD with coronary CT 
angiography and functional imaging ? 
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Conclusions

 CV risk assessment and stratification using existing algorithms is based on (some) 
traditional risk factors and risk estimates vary according to the prediction model used 
(endpoint, population, year).

 Further stratification of CV risk should consider other traditional risk factors (physical 
inactivity/sedentary behavior, BMI/waist circumference), but not nontraditional risk 
factors, the additive predictive power of which has not been proven yet.

 Target organ damage (CKD, retinopathy, autonomic neuropathy, LVH, abnormal ABI , 
non-zero CAC score, plaque detected at carotid or femoral US) should be evaluated 
and considered as risk modifier.

 Screening for CAD with coronary CT angiography and functional imaging may be 
considered in asymptomatic individuals at very high risk. Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 
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