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Prevalence of CVD in subjects w

ith newly

diagnosed T2DM attending the Verona Diabetes

Clinic in 2003-2008
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Prevalence of CVD in subjects with T2DM
attending Diabetes Clinics in Italy in 2007-2008

RIACE Study — Solini A et al - JAGS 2013; 61:1253

404 CVD = MlI, angina, stroke, TIA, revascularization,
gangrene, amputation
Overall prevalence 23.2%

Q1 - <60 Q2 - 60-66 Q3 -67-73
Age (years)

19 Diabetes Centers; n=15,773; age 67 yr; duration 11 yr



Prediction from extrapolation
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» At diagnosis of diabetes 11% with a prior, M@@B\@‘\/D
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of subjec;ges‘@gm“?o experience a clinical CVD event
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595 tRfs prediction reasonable?



Incidence of CHD and stroke in Italian T2DM

subjects attending diabetes clinics in early 2000
DAI Study; Avogaro et al, Diabetes Care 2007; Giorda et al, Stroke \%Q@"a'
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CHD = AMI, CABG, PTCA,; follow-up 4 years; age 65 yr; duration 9 yr



Incidence of CVD in Italian diabetic subjects in 2012

Baviera M et al - NMCD 2017; 27: 54 -
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Rate OR DM vs ri

per 1000 patient-year vl

(% of subjects with DM) (952 Cl)
Myocardial 8.72 w2 249
\66 N

infarction* (0.9) ooV 6\50“ (2.35-2.65)

7 e 2.09

. Q .
Stroke* e

o V\7,0?)‘(@@) (1.96-2.22)

Major ava\@ djaé\o(\e 0.92 7.30
amp\l&%@fj\‘ 5@ (0.1) (5.72-9.31)

6@;}933@16@\ 33.76 2.22
death (3.3) (2.16-2.29)

*Hospital admissions
No diabetes 1,981,037 - Diabetes n=183,286 - Age 45-84 yr (average 65)



CVD diagnosis at discharge from hospital in
diabetic persons in ltaly in 2016
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CINECA-SID - ARNO Diabetes Observatory - 2017 Report - Ajlragg@()g
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Rate
(per 105¢ person-year)
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Heart Failure (50\?6‘50(\\‘6( 11.5
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Stroke 3.9

No diabetes 9,501,465 - Diabetes n=640,846 - All ages (0-100 and over)



Prevalence of DM In all subjects admitted for Ml In
the Verona Hospital Coronary Intensive Care Unit

in 2015-2016 0
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Mortality in subjects admitted for Ml in the Verona
Hospital Coronary Intensive Care Unit In 2015-%016

Dauriz M et al - unpublished
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Prevalence of DM in all subjects admitted for stroke
In the Verona Hospital Stroke Unit in 2015-16
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Mortality in subjects admitted for stroke in the
Verona Hospital Stroke Unit in 2015-2016

Dauriz M et al - unpublished G&O\Og\a‘
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N=542; age 74 yr; men 52%



Causes of death in Italian type 2 diabetic persons

In 1987-1991 ™
Verona Diabetes Study - De Marco et al - Diabetes Care 1999; 22\(7)56\0g
‘0\0‘ N
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N
& \d\Ee?é%plratory
Others?}\\?)% e?° diseases
Jo2 Digestive
7.4 . M diseases
<~ Diabetes

Cancer

N=7,148; age 67 yr; duration 10 yr; crude death rate 4.8% per year



Causes of death in Italian diabetic persons
In the period 2007-2010

Zoppini et al - Am J Gastroenterol 2014; 109:1020 0\oc§\®‘

mCVD

M Cancer

® Diabetes

M Respiratory
M Digestive

m Others

Baseline 2007; follow-up 3 years; diabetes n=167,621; deaths n=17,134 (9.78%)



Years of Life Lost

Reduction of life expectancy in diabetes
Emerging Risk Factors Collaboration — N Engl J Med 2011, 364: 829-841

Men

[] Death from unknown causes

Il Noncancer, nonvascular
deaths

[] Cancer deaths
B Vascular deaths \)\3 [ ¢

0 40 50 60 70 80 90
Age (yr) Age (yr)
No diabetes n=674,945 - Diabetes n=40,116



Death from CVD in Sweden across years in
people with and without T2DM

Rawshani et al — NEJM 2017; 376: 1407 \O\OQ\Q‘
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Risk of CVD in diabetes vs. no diabetes
Emerging Risk Factors Collaboration — Lancet 2010; 375: 2215-2222
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Number HR (95% Cl) \,a‘oe « I* (95% CI)
of cases Y o
\éi‘\ﬁ“a et
RN
Coronary heart disease* 26,505 —- 606\3\92*\3@@93—}19} 64 (54-71)
Coronary death 11556 —aigee @ 0%-31 (2:05-2-60) 41(24-54)
Non-fatal myocardial infarction 14 741 —5133\ 8 N\ 1-82 (1-64-2-03) 37 (19-51)
?\P‘.e (696
Q$O & ®
Stroke subtypes* 10 @ \(\.8\\6
Ischaemic stroke 30 37; (E)}(\e Q(\g = 227 (1-95-2-65) 1(0-20)
Haemorthagic stroke Q?}(a‘?a\‘eiﬁ} . 156 (119-2:05) 0(0-26)
Unclassified 5;;\@@9(:6\19@ 4973 —— 184(159-213)  33(12-48)
S\ \
ge®® et
Other vascular deaths 3826 —a— 1-73 (1-51-1-98) 0 (0-26)
I 1




Prevalence of “Non-Glycemic” Cardiovascular
Risk Factors in Subjects with T2DM

Verona Diabetes Complications Study; Bonora et al - Diabet Med 21. 5@@%4
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High BMI  Hypertension Dyslipidemia Trombophilia Hyperuricemia
or waist (>140/90)



Diabetes increases risk of CHD and stroke

Independently of classic risk factors
Emerging Risk Factors Collaboration — Lancet 2010; 375: 2215 \Og\
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A Coronary heart disease B Ischaemic stroke 6 \6\6\\6
HR (95% ) o\ \\\\a@e’ HR (95% )
S0 e
Adjusted for Adjustedg«}(b it
Ageand se — 206 (142-234) e@}'ﬁ%sg@\\‘ ——  256[25305
Plus smoking status — 210 (1 Eaﬁﬁ © mmgstatm ——  259(216-309)
Pl BM 6@@&_@%\ FIusEMI ——  245(208-288)
Plus systolic blood pressure fLO 14) Plus systolic blood pressure —+ 277 (194-265)
B2\
Plus non-HOL cholesterol 5'33 R\ 01 93(171-216) Plus non-HOL cholesterdl —— 226(104-264)
Plus HOL cholesterol 6‘6\6 —\16‘6\ 187 (1-67-209) Plus HOL cholesterol —+— 224 (1-94-2:60)
Plus log-trighyceride QQ‘GQ el © 187(167-200)  Pluslog-triglyceride —— 214 (194-259)
906\\ et oF
owr © | | | |
1 l 4 1 . {

N= 264,353 - Known and newly diagnosed diabetes



CVD according to risk factors control in T2DM

Rawshani et al —

B Excess Acute Myocardial Infarction in Relation to Range of

Risk-Factor Control

Control
=80 yr
=65 to <80 yr
=55 to <65 yr
<55 yr

No risk factors
=80 yr
=65 to <80 yr
=55 to <65 yr
<55 yr

1 Risk factor
=80 yr
=65 to <80 yr
=55to <65 yr
<55 yr

2 Risk factors
=80 yr
=65 to <80 yr
=55 to <65 yr
<55 yr

3 Risk factors
=80 yr
=65 to <80 yr
=55to <65 yr
<55 yr
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5 Risk factors
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=55to <65 yr
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Reference
Reference
Reference
Reference

0.72 (0.49-1.07)
0.80 (0.69-0.93)
0.93 (0.73-1.18)
0.91 (0.62-1.35)

1.05 (0.93-1.19)
1.05 (0.97-1.14)

1.14 (1.04-1.25
1.46 {126

_49 6\

1.39-
1754, 65)
0-2.27)

1.78 (1.60-1.98)
2.11 (2.02-2.20)
2.16 (2.02-2.31)
3.02 (2.80-3.27)

2.32 (1.78-3.01)
2.87 (2.62-3.14)
3.32 (3.02-3.66)
4.56 (4.01-5.18)

3.19 (1.23-8.28)
4.60 (3.37-6.29)
4.84 (3.78-6.21)

N Engl J Med 2018; 379: 633

Control
=80 yr
=65 to <80 yr
=55 to <65 yr
<55 yr

No risk factors
=80 yr
=65 to <80 yr

=55
<55 ;f? <{\é
6&?@5

:-65 <@yr

<65 yr
5 yr

Q( 2 R|5kfactors

=80 yr
=65 to <80 yr
=55 to <65 yr
<55yr

3 Risk factors
=80 yr
=65 to <80 yr
=55 to <65 yr
<35 yr

4 Risk factors
=80 yr
=65 to <80 yr
=55 to <65 yr
<35 yr

5 Risk factors
=80 yr
=65 to <80 yr
=55 to <65 yr
<55yr
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C Excess Stroke in Relation to Range of Risk-Factor Control
Hazard Ratio (95% % \0

T 1
1 2 3 4

1 T 111
6 3810
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\éf\’?ﬁn ce

ference
Reference
Reference

0.95 (0.74-1.22)
0.90 (0.76—1.06)
0.94 (0.72-1.23)
1.22 (0.70-2.13)

1.06 (0.95-1.18)
1.11 (1.04-1.18)
1.27 (1.14-1.41)
1.55 (1.23-1.95)

1.13 (1.04-1.24)
1.32 (1.26-1.38)
1.59 (1.50-1.69)
2.04 (1.76-2.36)

1.35 (1.21-1.51)
1.73 (1.65-1.82)
2.13 (2.01-2.27)
2.78 (2.46-3.16)

1.54 (1.12-2.11)
2.31 (2.09-2.55)
2.66 (2.30-3.08)
3.34 (2.72-4.10)

2.65 (0.96—7.30)
3.54 (2.36-5.31)
2.79 (1.88-4.14)

——— 6.23 (3.22-12.05)

Controls n=1,355,870, T2DM n=271,174 - 5 risk factors: HbAlc, LDL-C, sBP, albuminuria, smoking




Mild Iincreases in glycemic parameters predict

CVD in subjects without known diabetes

Emerging Risk Factors Collaboration — JAMA 2014, 311: 1225 \Og@'
Fasting glucose 6\0

Hbay
{101 280 participants; 4267 cases 1 (150617 participants; 13511 cases) 0

{20.2) (31.1) (42.1) (53.0) (622 Fasting Glucose, mafdL

HbA, ., % ‘% 6
I:mmol,."m ol) O@ (eg
.
Participants 3639 271G 42495 20189 5528 \Q B892 485006 65038 22094 4471 2114
Incidemt SvD 127 BL5 1382 1264 551 6 696 4116 5417 2307 G259 346
outtome

Random g O \(\ Postioad glucose
{107 364 parti eﬁ CasE \ {64 234 participants; 7286 casss)
2,20 -

HR {95%CI)

S50 100 150 20000 Sl 1Ok 150 200 250 A0

Random Glucoses, mig/fdL Postload Glucose, mgdL
Participasts 2411 IBA49 49701 12 394 3955 054 2987 20767 23819 11140 3743 1778
Incident CvD 102 1567 2736 914 L0 226 196 1556 2888 1796 572 275

cubcomes

N= 294,998 - No history of DM or CVD at baseline -

Adjusted for demographics, smoking, blood pressure, lipids Mild diabetes doesn't exist!



Cardiovascular mortality in subjects
with and without prior myocardial infarction

Haffner et al - NEJM 1998; 339: 229 \Oe\o\og\’&
50 - 280t
@ g
40~ B No prior Ml %Oc‘,\efé\d@
H  Prior M| 60\06\\6‘\‘6‘6
30- ‘

20—

/7-yr cumulative incidence (%)

No diabetes Diabetes

Adjusted for sex and age



Cardiovascular risk factors in Diabetes

Old fashioned

* Male sex » Waist and WHR . VW\%& Co.
* Age « Albuminuria @(@xﬁl\&@\fz,s,etc.
« FHCVD ¥
e Glucose ) eG_FR_ «g,<>0\é\g;\<3\"'a IMP-1
 LDL cholesterol » Uric acid \6@\\?\\‘6@0 ° IL-6,1L-15
. HDL cholesterol = “RP Peoef;\d\sd * TNFR-1&?2
 Triglycerides ’ L%@i\es\@é * VWF
* Blood pressure eﬁiO%WCyStem . A_DI\/IA
»  Smoking a(a\adje(g\wel:lbrmogen . Zinc
. Prior\%\é@"\le@\’é « PAI-1 * NT-pro-BNP
| 6\)09;\\%6((\06 « Insulin resistance e hsTnT
v * Metabolic Syndrome e sRAGE
* NAFLD e GDF-15

New but already classic

Many others



NAFLD is an independent predictor of CVD in T2DM

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

Age 1.13 1.13
(per 10 yr) (1.07-1.14) (L07-1.14) e @ﬁ 06 1 14)
\G 6\\6\
Sex 1.48 1.46
(Mvs F) (1.1-2.0) ed\)\a%c@&‘g) (1.2-1.9)
Smoking 1. 46936 1.40 1.40
\ - -
(yes vs. no) O%Q 8286 (1.1-1.9) (1.1-1.9)
W
NAFLD 3 2 & e ©1.90 1.84 1.53
(yesvs.no) @ S° (@ 4-2.2) (1.4-2.1) (1.1-1.7)
0 -\
(6
NAFLD q,\agﬁc? eeSy ultrasonography
N-@@i@qo&@a} 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, antinypertensive, lipid-lowering, or antiplatelet drugs)
Model 3: + metabolic syndrome



Metabolic Syndrome and risk of CVD in T2DM
Verona Diabetes Complications Study; Bonora et al - Diabetic Med 21: 52, 2004

em\og\

0%
WOV

OR ; @(\ag\d\@eh

Ny
Age (per year) 1.Q50° 8% 1.03-1.07
PG X
: ec\\g@‘ >
Smoking (yes vs no) v\“@‘e (ieg@d\fﬁs 1.01-2.64
el
HbALc (per unit) . Fae™ 1.18 1.03-1.36
i 2N

Metabolic SyTidreime 4.89 1.16-20.7

(yes xsQ):

oY et

n= 559; age 65 yr; duration 9 yr; follow-up 4.5 yr
CVD-= cardiovascular death, nonfatal Ml or stroke, angina, TIA, asymptomatic CHD,

carotid or peripheral atherosclerosis (echo-doppler)
Sex, duration, treatment and LDL concentration did not enter into the model



Insulin Resistance and risk of CVD in T2DM

Verona Diabetes Complications Study; Bonora et al, Diabetes Care 25: 1135, 2002

B
25 ] G\O\Og
‘0'\'3\0 N
N REPN-S
| \a(\a 6\\6
2 1.00-2.35 o 4P T2
p=0.01 o Qé\6$<0'001
1517  1.02-1.06 e
e
I — ol
1 ‘a\eg\\'
0.5 1
A
0 —0‘5 ((\ _
Owe® 09 Age Smoking  T-Chol/HDLChol Ln(HOMA)

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

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



WHR and myocardial infarction in 27,000
subjects from 52 countries

INTERHEART Study - Yusuf et al - Lancet 2005; 366: 1640 \0‘3\6'
: \06\0
HR WOt
0 5\
Population | OR (95% 1) W c
Overall 6136 ( ) ’(’5\@\\ \\@6\
era 13 1-37 (1-34-1-41 . .
Mewer smokers 1362 1.30(1.25-1.36) \\6 6%+ ;
Formmer smokers 5335 1-47 (1-38-1.57) \6 5\ \‘G(G ! = P=0-0001*
Curmrent smokers 9108 1-42 {1-35-1-49) 06\) g 1__G(\ e -
) A= b I
Mo diabetes 7851 1-33(1-2 % 6 -
Diabetes 3234 1-38 @%“1{%1\} Q(Gg -
Mo hvpertension 2305 EE ( 5?4 3 —-—I
H}.']::E}rrl‘lzlensicm L= 10 16@@@?—1-29} —- I P 00001
o gy Bz 00 ’
ApcBfApoAl below media 2 2%\0 1-23(1.18-1.30) — - |
ApoBfApoAl above gg(@%‘ 6@% 1-29 (1-24-1-35) ——
Youngt QQ(G e(e\ 0867 1-46 (1-40-1.53) E —.—
Old 6\\\\1 {\Ge\l 5269 1-32(1.27-1.37) —— P=0-0001*
00 !
%\@Qe ?G( G489 1-33(1-27-1-40) — -
ale 9 047 1-39(1-34-1-43) —.—
1 | T T T
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OR (95% CI)



Plasma uric acid and CVD risk in T2DM

Zoppini G et al —

1.0
. huh____i"m
t 09 —_— I
f S
% - (
g 08
%
E o7
L
06 - L
1 2 3 4
Fllnw-up _IrurreQ
Flgurl: l—i'-.ap. ﬂ.ll Wv\ar H‘t??'r-:ﬁ-
cular mort tﬁcl‘l:v.‘tilu.’ pa-
tients s ;, 8- n:lﬁ-: tertiles of serum

uric acid h"r'els Statistical sighificance was es-
timated by the log-rank test (P << 0.001 for the
third tertile vs. the other two tertiles),

Diabetes Care 2009; 32: 1716-20

O\OQ\
oo
\O
Table 2—Predictors of cardiovascular mortality as assessed by multivariate Cox pmpnmnnﬂiﬁ;\?s er(n\i@ \
ERC A
Multivariate w \'Jat \\@@ Multivariate

model] 1 o\e m-:dr:&\\.a F model 3 P
Serum uric acid (pmoalA) 1.21(1.10-1.33) \\@Dl lafl 02-1.38) 0.024 1.27(1.01-1.61] 0.046
Age [years) TR We‘%ﬁ s <ol TITTITIRRT <000

Sex (male vs. female) 1.30 f@@ 1.38 (0.83-2.05) N3 0.95(0.57-1.58) N3

Current smoking 0,76~ 1.25 (069-2.23) NS 1.18 (0.56-2.53] NS

Diabetes duratll:ln IIEI ?&ﬁ D.'EI 30 117 (0.87-1.42) NS 1.26(0.98-1.61) N3

BMI (kg/im® *'%O 77-1.20) N5 0.96 (0.76-1.200 N3 087 (0.63-1.13) N3

1 10(0.90-1.35) N 1.01 (0.82-1.25) N3 1.02 (0.78-1.33) N

?&ﬁsm f@&b% 0.01 (0:49-1.70) NS 083 (0.41-169) NS 0.64(024-163) NS

hX yelipidemia 0.7710.53-1.16) N3 0.68 (0.51-1.12) N3 073(0.431.19) N3

olesterol (mmold} 1.17(0.99-1.39) NS 112 [094-1.24) N5 1.16(0.93-146] NS

Gra] hypoglycemic drugs 0.69 (0.36-1.35) NS 0.93 (0.43-1.99) NS 0.69 (0.26-1.81) NS

Inulin therapy 1.28 (0.63-2.60) NS 1.39 (0.62-3.15) NS 1.00 (0.39-2.63) NS

Antiplatelet agents 1.07(0.74-1.53) NS 111 [.76-1.65) N3 1.46 (0.858-2.39) N3

Allopurinol therapy 1.24(0.71-2.16) N5 110 (062-1.95) N3 1.12(0.57-2.22) N3
eGFR 0.56 (0.44-0.72) <0.001 0.72(0.53-0.96) 0.040

Microalbuminuria 1.55 (0.85-2.72] NS
Macroalbuminuria 3.01(1.55-581] 0.001

Data are HRs (95% CI. Cobort size, n = 2,726, The HRs for continuous vartables were computed for 1-50 change. Atherogentc dyslipidemia was defined as
triglycendes =1.7 mmold andior low HOL cholesterol <1.04 mmold or on treatment. Hypertension was defined as blood pressure = 140/90 mmHg or receiving

treatmiene,




Risk of CVD events and death as a function of
eGFR and albuminuria in T2DM

@
ADVANCE Study - Ninomiya T. et al. - JASN, 2009; 20:1813- @\o\og
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Serum CRP and CVD risk in men with T2DM

Health Professional Study - Schulze et al - Diabetes Care 2004; 27:889

3_

&
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CRP quartiles

N= 746; follow-up 5 years
Data adjusted for age, life-style factors, hypertension, cholesterol, BMI



Plasma fibrinogen and risk of CVD mortality In

T2DM
Bruno G et al - Diabetologia 2005; 48:427 &
Qo®
6\0\ ,a‘\\.
4 6\\'6\\
1,5 A ©
nd
17w B RS W B Ol
0,5 -
0 ;
o2 (\c’
oe® e <30 3.0-3.49 3.5-4.1 >4.1

Fibrinogen (g/l)

n=1565; follow-up 11 years
Adjusted for age, sex, HbAlc, LDL, HDL-C ratio, hypertension, smoking, baseline CHD



Plasma N-terminal pro-Brain Natriuretic Peptide
(NT-proBNP) and CVD risk in T2DM

Steno Study - Gaede et al - Diabetologia 2005; 48:156 \Og\a'
o

HR in those above the median
vs. below the median

Conventional group Combined Group

N=160, age 55, microalbuminuria +; follow-up 7.8 yrs
Adjusted for baseline CVD, duration of DM, age, sex, sBP, cholesterol, triglycerides, AER



Prediction of CHD (ROC analysis) in T2DM

ARIC Study Folsom et al - Diabetes Care 2003; 26: 2777

Women Meges®
..0©
Basic model 0.721 5 U572
.6(\6 . ‘\0\
+ BMI 0.731 _ @ @°%0.674
+ WHR 0428, \e@ 7 0,689
) .
°
+ creatinine c\“"?’\oﬁéz 0.672
ne < o
+ LP(a) %Ow?\;%\v‘eg 0.720 0.672
o
+ Apo B o @10 O" 0.718 0.671
\O
+ flbrlnogep Q@@\\\ © 0.723 0.673
S
" VB L it 0.736 0.693
+Omult|ple Risk Factors* 0.771 0.740

Basic model = age, race, cholesterol, HDL-C, SBP or drugs, smoking

* Also including heart rate, sport activity, diet score, residual FEV,, ApoAl, albumin,
factor VII, WBC



Multiple biomarkers for the prediction of death and

CVD (MACE)
Framingham Heart Study - Wang et al - NEJM 2006; 355: 2631

\OQ\

0 Table 3. Relation of Multimarker Risk Score 0‘\60 \\
i to Outcomes.® . .
0.20 ; -"ngh 6\ fé\ 6
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% {2 51-6.62) 1.84 (1.11-3.05)
0.00 . uE % Q =0.001 0.02
Q 2 4 6 8
Years
No. at Risk &O l’?&ard ratios were adjusted for age; sex; body-mass index;
low 1100 109% 1070 870 384 tegories of blood pressure, total cholesterol, and high-
Intermediate 1100 1093 1056 925 509 \e
High 550 528 482 401 136 O a density lipoprotein cholesterol; smoking status; presence
1 \g\ or absence of diabetes; serum creatinine level; and pres-
B i’$ O( ence or absence of prevalent cardiovascular disease (for

: 0:15 D . S the model with death).

rdiow: lar Event:
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2,
P

Z

()

‘ ex© N=32009; follow-up 7.4 years
0% pef 1 Biomarkers: B-NP, NT-proANP, CRP, aldosterone,

gty of Major Cardiovascular

renin, fibrinogen, PAI-1, D-dimer, homocystein, ACR
IS S Multimarker score for death= B-NP, homocysteine,
renin, CRP, ACR

2 Multimarker score for MACE= B-NP, ACR




Multiple biomarkers for il !
the prediction of death
and CVD (MACE)

Framingham Heart Study - Wang et al, ’ :
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D 0\\6\\‘6(6 ‘

6\) . 60( 0.0 . . . T . . T T
G Ge d\ 0.0 01 0.2 03 0.4 0.5. .0.6 0.7 0.8 0.9 1.0
@P\ ‘ (ega 1-Specificity
&O \Q B Major Cardiovascular Events
@) S )
O%‘ ‘\(\‘a\e 1.0
6@ ‘0(\ 0.8-
a‘e‘@ \\3(6\
6 0.6
N:3209;‘fQ,|'kJV§?Q ¥4 years
05\\‘\ ({\G 3 o
()‘\'3Q °°




Novel biomarkers
for predicting
CVD in T2DM

Gerstein H et al -

Circulation 2015:; 132: 2297

e\
7\
e®” o\
L) Q( \16(6
Oq,\\\ (\Ge
'\QQ ?e(

CV Composite = MACE
Expanded CV = MACE +
HHF + revascularization

o

oo

Supplementary Table 1a: Independent Biomarkers of Outcomes in the Model Building Set

Risk Factor CV Composite Expanded CV Composite Death
HR (95%Cl1)° p° HR (95%Cl) * p° HR (95%CI)° p°

Clinical Factors

Prior CV Event 1.37(1.18,1.59) 4.7E-5 | 1.58(1.41,1.78) 2.0E-14 1 1 @@\1 28)  2.0E-1

Albuminuria 0.98(0.85,1.14) 8.2E-1 | 1.00(0.89,1.11) 9.3E 1\< (0.78,1.04)  1.5E-1

Men 1.55(1.31,1.83) 2.56-7 | 1.60(1.41, 1.82), 0 98,1.36) 9.2E-2

Men > 55, Women> 65 1.15(0.95,1.40) 1.5-1 | 1.12(0.97 Q \QS:L (1.25,1.90) 4.8E-5

LDL/HDL 1.10(1.03,1.18) 3.2E-3 \1@5(\ @5 1.15(1.08,1.22) 7.5E-6

Current Smoking 1.46(1.21, 1.75) S;GEQ:O xﬂ 8.4E-3 | 1.68(1.39,2.04) 9.4E-8

Prior diabetes 1.11(0.93.1.3 0@91 8 1.14) 9.7E-1 | 1.23(1.01,1.49) 3.9E-2

Hypertension 1.15 (0.9%)3 L1ED % 29(1.13,1.47) 1.76-4 | 1.43(1.19,1.73)° 7.8E-3

Identified Biomarkers \a oV \\G‘

NT-proBNP 66\1)28 (‘{ 23&‘% 2.2E-16 1 1.18(1.13,1.24) 2.9E-14 } 1.17(1.10,1.24)° 4.0E-4

Trefoil Factor 3 e, 24,1.42) 2.3E-15 N/A 1.22(1.13,1.33) 1.1E-6

Alpha—;wg)\ulm (Ggl 22(1.13,1.31) 1.3E-7 N/A 1.22(1.14,1.31) 3.1E-8

%@ eg@@\ag 0.84(0.78.0.90) 2.2E-7 | 0.90 (0.86, 0.95) 4.4E-5 | 0.83(0.77,0.89)° 4.5E-2

Apolj @&aln B 1.17(1.09,1.26) 1.6E-5 N/A N/A
@e%xuredoxm-ar 1.16(1.08,1.24) 1.8E-5 N/A 1.14(1.07,1.22) 13E-4

Angiopoietin-2 1.15(1.07,1.23) 8.7E-5 i 1.16 (1.10,1.22) 6.2E-8 | 1.20(1.12,1.29) 5.3E-7

Osteoprotegerin 1.16 (1.07,1.25) 1.6E-4 N/A N/A

G;:Cﬁ?/ gﬁere"t'at'on N/A 1.15(1.09,1.22) 1466 | 123(1.13,1.34) 2.1E-6

VEGF D N/A 1.13(1.07,1.19) 2.6E-6 N/A

Kidney Injury Mol-1 N/A 1.09 (1.05, 1.13)  2.3E-5 N/A

EITcn;pHrs:z];ﬁll Urine N/A 0.89 (0.84,0.94) 2.7E-5 N/A

“é‘ﬁ;;:’g:;ie Derived N/A N/A 0.84(0.79,0.90)  9.9E-7

YKL-40 N/A N/A 1.17(1.10,1.26)  4.3E-6

IGF Binding Protein 2 N/A N/A 1.13(1.04,1.23)  5.6E-3




Novel biomarkers for predicting CVD in T2DM

Gerstein H et al - Circulation 2015; 132: 2297

Supplementary Table 4: Performance of Models Containing the Clinical Risk Factors and Only I'%-\@QENQ versus all
f the Identified Biomark WRE-S
of the Identified Biomarkers \\@(\6 %\A\a\
A: Basic Clinical B: Basic+ NT proBNP  C: Full Model A7 \\%\fb @ Cvs.B™
@) N
C (95%Cl) C(95% ) (ol ﬁ D ﬁ&tl (95%Cl) NRI (95%Cl)
75 ,\‘@‘\e
Cardiovascular Composite Outcome Ged\)\' 8\ .50‘\
All Participants ~ 0.64 (0.63,0.65)  0.68 ( ﬁ@?&%\a) (e% 71(0.69,0.72) |0.14(0.11,0.17) 0.10(0.07,0.13)
‘5
S
Expanded Cardiovascular Composite OJL@%& g\(\e\\
of
All Participants  0.64 {0{32 é@% O(‘@EE. (0.65, 0.67) 0.68 (0.67,0.69) | 0.06 (0.05,0.07) 0.05(0.03, 0.06)

)
Death from All Ca us&Q’a( \\G

Al Parn%q,a’ﬁ‘f‘s (\m@ﬁ 0.63,0.66)  0.68(0.67,0.70)  0.75(0.74,0.76)

0.12 (0.09,0.15) 0.24 (0.21, 0.28)

NRIQnE-t reclasmﬂcatmn improvement values during a maximum follow-up of approximately 7.8 years are shown; ® all

P values <0.001; bontstrap optimism-adjusted

CVD Composite = MACE
Expanded CVD Composite = MACE + HHF + revascularization



Mutivariable adjusted

HRs for risk of MACE ]
for the highest vs. the O At~
. ~ I - ‘ A \<
lowest quartile of each N $ 9%t
. i . bFGF A 7 &
PLGF o ‘a(\ \6\
candidate blomarker In ==\ @F
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Osteccalcin \\6
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Multiplex proteomics for prediction of MACE
in T2DM

Nowak C et al - Diabetologia 2018; 61:1748-1757 \O\OCS\Q'
6\@!@‘? gs\aqa cI

MMP-12 —e— 6@ »1.61)
—— \.\\ @%\ 1|11*.1*?,-
TRAIL-R2 e B AP 167 (145, 199
OC’ 6\\. 1.44 (1.19, 1.74)
o IT_.\; @ 1.58 (1.34, 1.87)
N (\\‘e(e 1.47 (1.21, 1.78)
_ O @ 1.29 (1.18, 1.40)
KIM-1 P\GGeg 1.23 (1.10, 1.386)
T (DD e 1.33 (1.19, 1.48)
FGF-23 O&O G%\Q( —e—i 1.20 (1.05, 1.37)
TNER-1 $106 \g\(\a\ s 1.28 (1.11, 1.48)
6 0( = 117 (1.06, 1.28)
Q2 . ~0© ] 1.42 (1.22, 1.65)
TNFR-2 \,0 6‘50 —— 1.37 (1.18, 1.59)
PrGtEIr\ s 1.26 (1.11, 1.43)
\\ G\l —e— 1.30 (1.14, 1.48)
ﬂ\ C,
O 5ol V' 0.5 1.0 2.0 3.0
: 9
0\69 ? HR (95%: CIl) per SD increase in protein abundance

Combined data from 6 prospective epidemiological studies of 30-77-year-old individuals with T2DM in whom 80
circulating proteins were measured.

Adjusted for sex and age (black symbols) and also for duration of DM, BMI, HbA1c, smoking, AF, LDL-C, statin use, sBP,
Albuminuria, eGFR, prior CVD (grey symbols)



Increase in the discrimination achieved by adding
simulated biomarkers according to their degree of

correlation \0\0@9‘
PRz

Bachmann KN and Wang TJ - Diabetologia 2018; 615\9’\8\?‘\(\?\6;\\
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Genetic risk scores (13 or 30 SNPs) and CVD risk in T2DM
Fox A et al - Diabetes Care 2014; 37: 1157

Table 2—Association of ordinal measure (low, moderate, high) of GRS13 and GRS30 with history of CVD, all- caus@\rtahty
CVD mortality, and CAC in EAs (n = 1,175) from the DHS

Unadjusted Partially adjusted™® FuIIO\%sted\
Trait Effect (95% Cl) P value Effect (95% CI) P value Effﬂ‘!g(@%’ giz(g\\o' P value
Unweighted GRS13 — — — \\6\ %\ —
Prior CVD OR: 1.23 (1.04-1.47) 0.02 OR: 1.30 (1.08-1.56) 0. 0056\_6 6&8\ 11 1.62) 0.002
All-cause mortality  HR: 0.96 (0.80-1.16) 0.68 HR: 1.05 (0.88-1.26) 1.06 (0.88-1.27) 0.54
CVD mortality HR: 1.06 (0.81—1.39) 0.68 HR: 1.14 (0.87-1.49) \\@‘5@ 36 HR: 1.15 (0.88-1.51) 0.31
CAC B:0.02 (—0.23t0 0.26) 0.88  B:0.05(—0.15 to%ga o B:0.07 (—0.12 to 0.26) 0.48
Weighted GRS13 — — AV g(\ — _
Prior CVD OR:1.35 (1.11-1.64)  0.003 on 1. ﬁq 76\ 0.0004 OR: 1.51 (1.22-1.86) 0.0002
All-cause mortality ~ HR: 1.05 (0.67—1.28) 0.61 $ 13 ( A7) 0.20 HR: 1.14 (0.94-1.38) 0.18
CVD mortality HR: 1.26 (0.95-1.67) &O 192)( 61-1.79) 0.04 HR: 1.35 (1.01-1.81) 0.04
CAC B:0.13 (—0.13 to 0.39) %@ B)\@151—0.02 t0 0.40) 0.08 8:0.22 (0.02-0.43) 0.04
Unweighted GRS30 — i g(\ — — — —
Prior CVD OR: 1.38 (W G E OR: 1.41 (1.12-1.78) 0.004 OR: 1.45 (1.14-1.84) 0.002
All-cause mortality  HR: 1.28,(X01.63000N 0.04 HR: 1.32 (1.06-1.63) 0.01 HR: 1.29 (1.04-1.60) 0.02
CVD mortality HR; &1 0 \b 0.01 HR: 1.56 (1.12-2.17) 0.009 HR: 1.58 (1.13-2.21) 0.008
CAC © \eng 75)  0.0008 B:0.45 (0.23-0.68)  7.34 X 105  B:0.44 (0.22-0.66)  8.19 X 10 5
Weighted GR§300, Q — — — — — —
Prior cv%\\\ \C,QJ\\ 1.22 (1.00-1.49) 0.05 OR: 1.28 (1.04-1.57) 0.02 OR: 1.33 (1.08-1.65) 0.008
Al HR: 1.20 (0.97-1.48) 0.09 HR: 1.28 (1.05-1.56) 0.02 HR: 1.28 (1.05-1.56) 0.01
mortalify HR: 1.37 (1.01-1.86) 0.04 HR: 1.43 (1.06-1.93) 0.02 HR: 1.46 (1.08-1.96) 0.01
CAC B:0.22 (—0.04 to 0.47)  0.10 B: 0.27 (0.05-0.48) 0.01 8: 0.29 (0.08-0.50) 0.006

*Adjusted for age, sex, and T2DM affection status. TAdjusted for age, sex, T2DM affection status, BMI, current smoking, hypertension, and
dyslipidemia.

Weighted = weighted by the previously reported effect size of the single SNP on CVD risk in GWAS



Genetic risk scores and CVD risk in T2DM
Morieri ML et al - Diabetes Care 2018
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Genetic risk scores and CVD risk in T2DM - ROC analysis
Morieri ML et al - Diabetes Care 2018
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CVD risk assessment: calculators
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UKPDS Risk Engine
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Calcolatore del rischio cardiovascolare
In Italia - Progetto Cuore Og\a‘

l Q Calcolo del rischio cardiovascole: X
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Prognostic value of the Framingham cardiovascular risk equation
and the UKPDS risk engine for CHD in newly diagnosed T2DM

Gudzer RN et al - Diabetic Medicine 2005; 22:554-562

SO° o
Table 4 Sensitivities and specibcities for cardiovascular disease of approaches based on multifactorial risk assessment and ]LKJ @.\ﬁ?nri“&;htﬂds
Sensitivity percentage (3% CL; F) \b&(r}fa @% Q\\i‘.ﬂ Ll Pl
Y percentage 4 L4 @\\? ,\“\a@ ntage
30% 10-year CHD risk and TC > 5 mmol/] %OG\‘O é\d\\o
Framingham model 196 (20.2=37.2: < U%# 6\\6 G‘G G B8.5 (86.3=90.7: < 0.001)
UKPDS risk engine 50.0 (39, r-aﬂ 3é@ A\ goﬂ\ 69,1 (63.8=74.0; < 0,001)

\
15% 10-year CHD risk only 666& N O(
Fram:lngh.;m misdel (.a\’b (%\O 83,7 (77.8=91.5:0.21) 330 (30.7=34.7: < 0,001)
UKPDS risk en %Qa (6\6\‘ B9.8 (82.0-95.0; 0.34) 30,3 (25.4=35.6; < 0,001
LDLe :%\{\ed%ﬁ B‘-’P‘? 4.5 mmol/] 939 (87.8-974) 12.1(10.3-132)
\0\’ \?e‘
CHD, coronary heart disease; TC, total cholesterol; LDLe, LDL<cholesterol; TG, triglycerides significance (P) vs. last row (LDLc 2 2.6 mmol/l or TG 2
4.5 mmol/l).

A community-based cohort (n=428; age 30-74 years) free of clinically evident CVD and with newly diagnosed T2DM
follow-up of 4.2 years.



Prediction of CHD Risk in a General, Pre-Diabetic, and
Diabetic Population During 10 Years of Follow-up

Diabetes Care - 2009; 32:2094 S
xO¥©
\06
89%
Table 2—Discriminatory ability of the Framingham, SCORE, and UKP&S%&&?
P\
o© \e \C\\‘
Ime,-gr&a:‘i’a
NGT group }mﬁl}@,@m\ﬁ group Diabetic group
. p\e g@
First CHD o™ X
Framingham 0.68 saiﬁg\e =7 0.60 (0.47-0.74) 0.63 (0.50-0.76)
SCORE Q./ﬂ 6@(—@%} 0.70 (0.60-0.79) 0.66 (0.54-0.79)
UKFDS N2 G@m 66-0.75) 0.70 (0.60-0.80) 0.66 (0.56-0.78)
Fatal cH@p@‘ o\o
$ 0.71 (0.61-0.82) 0.76 (0.65-0.88) 0.61 (0.37-0.86)
0\9\306 i{@l& 0.79 (0.70-0.87) 0.70 (0.50-0.89) 0.74 (0.56-0.93)
UKPDS 0.77 (0.68-0.86) 0.84 (0.74-0.94) 0.72 (0.55-0.89)
Dhata are AUROC (95% CI).

1,482 Caucasian men and women, 50-75 years of age, who participated in the Hoorn Study



Framingham, SCORE, and DECODE Risk Equations do not
provide reliable CVD risk estimates in T2DM

Coleman RL et al - Diabetes Care 2007; 30:1292 \0(3\6‘
O
Risk relative to observed UKPDS \‘\
A  10-year fatal CVD n RR 9s%cl ° 1 2 ,,8\0 N
UKPDS 3898 100 088-1.12 o N
Framingham estimate 0.68 * 7 \\6\\6‘ @6\
' L oNO L A\
SCORE estimate 1.18 AR\
DECODE estimate 0.89 \ 2 S
UKPDS (White Caucasians) 3207  1.00  0.85-1 .14066\) d\ 60(-1‘-
Framingham estimate 066 N < R
SCORE esti o (e
estimate 1 $O 5‘\ Q *
DECODE estimate b N N
O g\(\
2 O ¢
UKPDS (Males) a9, © 23460 ~1.00  0.85-1.14 ale
Framingham ‘est@ate &' o5t .
SCORE GMate \@\‘ 1.05 »
‘ \‘%@Sue@%e 0.53 .
06‘\\\ .{\‘C)e -
0‘\69 ?@SPDE (Females) 1583 100 0.77-1.23 ——
Framingham estimate 1.13 *
SCORE estimate 1.68 *
DECODE estimate 2.00
1 t 1 1

3,898 UK patients with newly diagnosed type 2 diabetes followed for median period of 10.4 years



Performance of Cardiovascular Disease Risk Scores In

People Diagnosed With T2DM

Read SH et al - Diabetes Care 2018:; 41:2010-2018

Table 3—Age-stratified calibration and discrimination statistics for QRISH2 and five diabetes-specific risk scquw

o
e\© o

Age-group Observed Predicted S5-year Calibration in 0 '
Risk score (years) S-year risk risk, %, median (IQR) the large Calibration slope \-;nr: {dls\x@mm::}n}
QRISK2 Owverall 9.7 24.07 (21.21) —0.14 0.376 (0.276, 0. 3?;‘3(\00 =] ‘6 9 0.679)
3045 3.4 8.73 (9.71) —0.06& 0.208 (0.208, @ (0.644, 0.689)
46—60 6.8 18.26 (13.81) —0.11 0.272 (0. 3@ \\‘a 32 (0.623, 0.641)
61-75 11.5 29.51 (16.54) —0.19 0.31 D&. 0.604 (0.597, 0.612)
=75 21.0 45.01 (17.55) —0.24 ﬁ? 0.578 (0.568, 0.588)
ADVANCE Owerall 9.7 2.00 (2.53) 0.08 \\6 g @5 1.811) 0.666 (0.661, 0.671)
30-45 3.4 0.58 (0.45) 277, 3.289) 0.628 (0.605, 0.651)
46—60 6.8 1.33 (0.96) 6 O(‘ﬁ 53 (2.350, 2.356) 0.595 (0.586, 0.605)
6175 11.5 2.93 (2.09) Ge \ 6 1.657 (1.655, 1.660) 0.594 (0.587, 0.602)
=75 21.0 6.27 (4. 5?]- 0.973 (0.970, 0.976) 0.575 (0.565, 0.585)
CHS Owerall 9.7 1.71 ( g 02 0.631 (0.631, 0.632) 0.674 (0.669, 0.679)
30-45 3.4 —0.02 0.760 (0.759, 0.760) 0.638 (0.615, 0.661)
46—60 6.8 &@ —0.02 0.742 (0.742, 0.742) 0.622 (0.613, 0.632)
61-75 11.5 :I.E :I: —0.05 0.546 (0.545, 0.547) 0,603 (0.596, 0.611)
=TS &1 EE] —0.05 0.398 (0.296, 0.400) 0.575 (0.565, 0.585)
Fremantle Owerall é 24 {?.63} 0.05 0.738 (0.737, 0.738) 0.665 (0.660, 0.670)
3045 6& 0 1.2 (D.88) 0.0z 2.025 (2.023, 2.027) 0.626 (0.603, 0.648)
45—506\,6 ae\ 3.23 (2.2) 0.0 1.157 (1.156, 1.159) 0.591 (0.582, 0.600)
6‘ \1 - 8.49 (5.52) 0.03 0.736 (0.735, 0.736) 0.593 (0.585, 0.600)
(G%?E e\a 21.0 20.63 (12.11) 0.00 0.497 (0.496, 0.497) 0.580 (0.570, 0.590)
MNZ DCS | 6Q ﬂvq‘@‘ 9.7 16.17 (10.87) —0.06 0.725 (0.725, 0.725) 0.670 (0.665, 0.674)
'\\‘\\‘ 13 G 5 3.4 7.7 (2.9) —0.05 0.679 (0.676, 0.683) 0.645 (0.622, 0.667)
06 ( \ 46—60 6.8 12.67 (4.37) —0.06 0.740 (0.739, 0.741) 0.609 (0.599, 0.618)
‘\OQ ?e 61-75 11.5 20.23 (6.39) —0.09 0.725 (0.725, 0.726) 0.599 (0.591, 0.606)
=75 21.0 30.45 (8.42) —0.09 0.635 (0.633, 0.638) 0.573 (0.563, 0.583)
Swedish NDR Owverall 9.7 8.26 (6.79) 0.02 0.955 (0.954, 0.955) 0.663 (0.658, 0.668)
30-45 3.4 3.67 (2.26) —0.01 0.871 (0.871, 0.871) 0.632 (0.609, 0.654)
‘ 46—60 6.8 6.44 (3.56) 0.01 0.869 (0.869, 0.870) 0.602 (0.592, 0.611)
61-75 11.5 10.54 (5.62) 0.0 0.727 (0.727, 0.727) 0.589 (0.582, 0.596)
=75 21.0 16.79 (8.74) 0.0 0.576 (0.575, 0.576) 0.566 (0.556, 0.575)

A cohort of nearly 180,000 people with T2DM from the Scottish National Diabetes Register



Stratification of diabetes according to CVD risk in the
2019 ESC guidelines

. Qo
Europ Heart J 2019 on line S0°
o
AP \X
or other target organ damage® \\6\\‘3‘ @‘5\6
"> ‘,@}\EQ

or three or more major rij Qac‘(@

or early onset T1DMa\ka‘l
Bl
Patients with %@Q 16 BN =10 years without tar-
get org ea@%lua any other additional risk
fa NE g\ ©
58 0®
&%Ll@@atients (T1DM aged <35 years or T2DM
e‘,@égd <50 years) with DM duration <10 years,
without other risk factors

Very high risk Patients with DM and established C\gﬁ\

(& %?.I ration (=20 years)

DESC 2019

W ‘@l@aF\Q"@i\L'%SCU lar: CVD = cardiovascular disease: DM diabetes mellitus:
\épﬂ%@éﬁ &ype 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.

O *Modified from the 2016 European Guidelines on cardiovascular disease preven-
tion in clinical practi-:&.l?
PProteinuria, renal impairment defined as eGFR =30 mL/min/1.73 m=, left ventric-
ular hypertrophy, or retinopathy.

“Age, hypertension, dyslipidemia, smoking, obesity.
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