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Years of Life Lost

Type 2 diabetes and life expectancy

On average, type 2 diabetes reduces
life expectancy by ~6 years
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Diabetes-specific risk prediction models

» Risk models help refine CVD risk estimations and identify patients who will
benefit most from treatment

» Include duration of diabetes, glycated haemoglobin (HbA1c), and TOD

» Examples are: ADVANCE predicts 4-year CVD risk
UKPDS predicts CVD risk in the UK
DIAL prediction of life-time risk
~ A

-

Limitations: based on older cohort data,
not geographically recalibrated

J

Courtesy of E. Di Angelantonio



Good discrimination but poor calibration of
CVD risk prediction tools in type 2 diabetes

Type 2 diabetes population
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Development process and key features of SCORE?2

1. Model development

Sex-specific, competing risk-
adjusted risk models derived in 45
prospective cohorts in 13 countries

(~680,000 individuals, and
~30,000 CVD events)

l

Recalibration to four risk regions in
Europe using age-, sex-, and region-
specific risk factor values and CVD
incidence rates (derived using data
on ~10.8 million individuals)

SCORE?2 risk prediction algorithms key features
Sex-specific risk prediction models
ﬁ ~ %  Estimate 10-year risk of fatal and non-fatal CVD
L : Calibrated to the most contemporary and representative CVD rates

Available for four distinct European risk regions

n, Can be rapidly updated to reflect future CVD incidence and risk
l Y factor profiles

2. Model validation

External validation in 25 prospective
cohorts in 15 European countries
(~1.1 million individuals, and
~43,000 CVD events)

|

C-indices ranged from 0.67 (95%
confidence interval [Cl] 0.65-0.68)
to 0.81 (95% Cl 0.76-0.86)

Hageman et al, Eur Heart J 2021

. Individual example .
Patient risk factors:
50 years old
Smoker
SBP: 140 mmHg
Cholesterol: 5.5 mmol/L
HDL-c: 1.3 mmol/L

| I TC:-year risk Ia’e,c;:em:l’ling oln risk regilon I |
Low Moderate High Veryhigh Low Moderate High Veryhigh
risk risk risk risk risk risk risk risk

4.2% 5.1% 6.9% 13.7% 5.9% 7.5% 8.1% 14.0%




SCORE2-Diabetes: a risk tool for T2D

Development process

Original SCORE?2 algorithms:
Predictors: age, sex, smoking, diabetes, SBP, total and HDL cholesterol

»

Calibrated to predict CVD risk in:
low, , high and very high risk regions of Europe

v

Adaptation of SCORE?2 for individuals with type-2 diabetes:
Added predictors: age at diabetes diagnosis, HbA1c and eGFR

>
—» SCORE2-Diabetes y

Data used: 229,460 individuals with type-2 diabetes from
electronic health records, diabetes registry, cohort studies

v

Validation of SCORE2-Diabetes:
External validation in 217,036 individuals with type-2
diabetes from Sweden, Spain, Malta and Croatia

Pennells L et al, Eur Heart J 2023



SCORE2-Diabetes: a risk tool for T2D

Development process

Predictors: age, sex, smoking, diabetes, SBP, total and HDL cholesterol
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SCORE2-Diabetes
STIIY 5 CPRD ERFC biobank’

5C
DIABETES COLLABORATION nabling scientific discoveries that improve human health

~230K individual with type 2 diabetes and information on age

Development process at diagnosis, HbAlc and eGFR

Original SCORE?2 algorithms: @
Predictors: age, sex, smoking, diabetes, SBP, total and HDL cholesterol .
SCORE2-Diabetes

. . . . »
Calibrated to predict CVD risk in: ,:@
low, , high and very high risk regions of Europe Ve
< Internal and external validation across Europe
Risk region Risk model C-index (95% Cl)
Adaptation of SCORE?2 for individuals with type-2 diabetes: o Lowrisk SCORE2 - 0.710 (0.704, 0.716)
. . “ . 2 -Di
Added predictors: age at diabetes diagnosis, HbA1c and eGFR E SCORE2-Diabetes T orslen o)
',—E Moderate risk ~ SCORE2 —— 0.640 (0.627, 0.652)
. = SCORE2-Diabetes —0— 0.666 (0.653, 0.678)
= i g
SCORE2 Dlabetes g Low risk SCORE2 L] 0.683 (0.680, 0.685)
g 0 o o . = SCORE2-Diabet a 0.704 (0.701, 0.706)
Data used: 229,460 individuals with type-2 diabetes from > B
electronic health records, diabetes registry, cohort studies Low risk SCORE2 = 0.649 (0.638, 0.659)
E SCORE2-Diabetes —— 0.658 (0.648, 0.669)
E Moderate risk ~ SCORE2 S 0.630 (0.592, 0.668)
v E SCORE2-Diabetes = — 0.661 (0.622, 0.699)
. A ) E Moderate risk ~ SCORE2 = 0.661 (0.658, 0.664)
Validation of SCORE2-Diabetes: g SCORE2-Diabetes o 0670 (0.667, 0.673)
External validation in 217,036 individuals with type-2 High risk SCORE2 . 0.675(0.659, 0.692)
] i i SCORE2-Diabetes —a— 0.688 (0.672, 0.705)
diabetes from Sweden, Spain, Malta and Croatia | | .

Pennells L et al, Eur Heart J 2023 Eur Heart J. 2023 Jul 21;44(28):2544-2556



SCORE2-Diabetes: a risk tool for T2D

SCOTTISH CARE INFORMATION
DIABETES COLLABORATION

Enabling scientific discoveries that improve human health

M1 :i:cPRD ERFC biobank

~230K individual with type 2 diabetes and information
on agetat diagnosis, HbA1c and eGFR
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SCORE2-Diabetes: a risk tool for T2D

Expected CVD risk distribution across Europe

Development process Men Women
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SCORE2-Diabetes: example of risk estimation

Example: 60 year old non-smoking individual with diabetes, SBP = 140 mm Hg, total cholesterol = 5.5 mmol/L and HDL = 1.3 mmol/L

:‘fﬁ’Moderate risk region High risk region Very-high risk region

o
v v v v v v } v
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Diabetes diagnosed age 50, HbA1c of 70 o " D Em—— - - - o
BT A 12.9% 7 I 21.0% 20.4% 31.2% 34.0%
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SCORE2-Diabetes: example of risk estimation

Example: 60 year old non-smoking individual with diabetes, SBP = 140 mm Hg, total cholesterol = 5.5 mmol/L and HDL = 1.3 mmol/L

Moderate risk region‘\

¥
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v
Newly diagnosed diabetes (i.e. at age 60), HbA1c 76%
of 50 mmol/mol, eGFR of 90 ml/min/1.73m? __
Diabetes diagnosed age 50, HbA1c of 70 12.7%
mmol/mol, eGFR of 60 ml/min/1.73m? s
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Figure 3

Cardiovascular risk categories in patients with type 2 diabetes
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Cardiovascular risk profile in subjects with diabetes:

is SCORE2-Diabetes reliable?

Background Results

People living with type 2 diabetes are at a two- to four-fold SCORE? Dinlebes
higher risk of developing cardiovascular (CV) discase,
making carly asscsamenl of their OV nsk cssenilial

Patigrt with atnerosclerctic cardiovasculw dissase (ASCVD) or

Eivara TaEet-organ damaga [TOD)
SCOREZ Diabates
|
R ' o
HModsrms [F-)
Sgmpted bosw "I003 [ 90 gu-dwiset Mot whirags Tel of L0 Sl i D i@ 8 [ElaaTi ooh et . —“-n‘:“-—r--— e 1"‘ H]' ﬁf
Methods 7 -
. 2 PWY, IMT and carotid atherosclerosis
179 participants - _I_r were significantly inereased [rom Low
1" I L Wery high and ASCYINTOD groups
Intima-Media Thickness (IMT) '
} amvd carotid atherosclerosis ¢ Mo significant differences were found
between the Very High and ASCVYIY
Arterial stillsess = _ TOD groups In any parameter
# Pulse Wave Velocity, PWY . e o RO Y . y .
¢ " ; ¥ r r—— v r RCOR E2-Dhabetes had SUPErior

El Ll 1 N predictive  performance  for carotid
atherosclerosis  and  high PWYVY
compared 1o SCORE2

’ ‘\ ‘ SCORE2 Diabetes

Scilletta S. et al. Cardiovasc Diabetol. 2025 May 21;24:222. doi: 10.1186/s12933-025-02769-7



Improving 10-year cardiovascular risk prediction in patients with

type 2 diabetes with metabolomics

Study cohorts Performance evaluations
Derivation cohort Validation cohort Base model:
UK Biobank ESTHER SCORE2-Diabetes
MN=10257 M=1,039
_-1 Metabolites HR (95% CI) per 1 SD* Raw p-value FDR
________ | 30% Internal validation ' 3 2 2 & 2 | Outcomes: S
‘t 1\ 1\ 1\ 1\ | n=3,077) 1 T T 1\ 1\ 10-year MACE rigk T GlycA

PR ¥ VS SN ¥ ¥ ¥ SR

b o—e— 1.15 (1,08, 1.23) <0.001 <0.001
> 180 | ——e——  1.15(1.04, 1.28) 0.009 0.026
't 1\ 1\1\1\ | {n=7,180) i T‘T,I\'n\ Discrimination (C-index) Internal validation |
______________ Creatinine :
SCORE2-Diabetes: 0,660 Male b o——— 1.14 (1.05, 1.25) 0.003 0.005
Model derivation Extended by metabolomics: 0.678 Female L—— 1.09 (1.02, 1.17) 0.011 0.026
AC-index: +0.018; P=0.037 -
249 metabolomic inaex ! Acetate :
. biomarkers 5 metabolomic Male e 1.03 (0.98, 1.08) 0.193 0.270
—l- 0BG blomarkers Discrimination (C-index) External validation Female ———————— 1.05 (0.89, 1.24) 0.537 0.537
L R N N N :
VLDL !
eceee SCORE2-Diabetes: 0.612 size :
'Y N | 4 ] Male —.— 0.99 (0.92, 1.06) 0.674 0.674
— — metabolomic Extended by metabolomics: 0.655 Female — - 1.05 (0.94, 1.16) 0.368 0.430
2000 biomarkers AC-index: +0.043; P=10.011 : '
Lactate E
Male —e 0.96 (0.90, 1.03) 0.279 0.325
Female — . 1.05 (0.95, 1.16) 0.332 0.430
1
Omega-3-pct 5
Male —e—i 0.92 (0.86, 0.98) 0.011 0.018
Female i 0.89 (0.80, 0.99) 0.027 0.047
1
1
Albumin E
Male —— ! 0.90 (0.84, 0.96) 0.001 0.004
Female ——i : 0.78 (0.71, 0.86) <0.001 <0.001
U!S ‘I!U 1!2

Xie R et al Cardiovasc Diabetol 24, 18 (2025). https://doi.org/10.1186/s12933-025-02581-3



=8 Model 1 "Original SCOREZ-Diabetes” == Model 3 "SCOREZ-Diabetes with TC, HDL-C and creatinine measured by NMR"
=8 Model 2 "Original SCOREZ2-Diabetes extended by NMR metabolites” =8 Model 4 "Age, Smoking, SBP, and NMR metabolites”

Internal validation

External validation

Mode| 1+

Model 2 =

Model 3 4

Model 4 <

Model 1 -
B Mode| 24
[
= Model 3 =

Model 4 -

Female

Model 1+

Model 2 <

Mode| 3

Model 4 -

Total

0,60

065

0.70

0.55
C-index (95% CI)

0.60 0.65

0.70

Xie R et al Cardiovasc Diabetol 24, 18 (2025). https://doi.org/10.1186/s12933-025-02581-3




A 95% ClI 95% ClI
—— Lowrisk —— Moderate risk

257 Low risk: HR (95% Cl) 1.0 (1.0-1.0)

20 Moderate risk: HR (95% CI) 2.6 (1.8-3.7)
High risk: HR (95% CI) 6.0 (4.2-8.5)

Very high risk: HR (95% CI) 15.6 (11.0-22.3)

— High risk

SCORE2-Diabetes
Predicts the Risk of Heart Failure and Atrial Fibrillation in
Individuals With Newly Diagnosed Type 2 Diabetes

95% ClI

Very high risk

Cumulative incidence (%)
o
1

Follow-up time (years)

Number at risk

Low risk 4757 4094 2949 1822
Moderate risk 15148 13012 9249 5827
High risk 25922 21862 15350 9176
Very high risk 7622 6253 4085 2337

6

10

247
754
1105
237

95% Cl 95% ClI 95% ClI 95% CI

— Low risk —— Moderate risk —— High risk

Very high risk

Cumulative incidence and HRs for HF (A) and AF (B) with stratification by risk group according to SCORE2-Diabetes.

Diabetes Care. 2025;48(9):e104-e106. doi:10.2337/dc25-0933

g 257 Low risk: HR (95% CI) 1.0 (1.0-1.0)
8 o0 Moderate risk: HR (95% CI) 1.9 (1.5-2.6)
S High risk: HR (95% CI) 5.0 (3.8-6.6)
S 45 Very high risk HR (95% Cl) 9.7 (7.3-12.8)
£ In
g 10-
ks
> 5 —
g —
O 0-
T T T T T T
2 4 6 8 10
Follow-up time (years)
Number at risk
Low risk 4752 4092 2933 1812 924 246
Moderate risk 15032 12923 9176 5761 2880 740
High risk 25273 21225 14821 8812 4101 1044
Very high risk 7194 5888 3847 2202 947 231



SCORE2 DIABETES better performance than other scores

L X i CARDIANA COHORT W
f; M 20,793 Spanish patients with T2D
without previous CVD & <80 years ))) 991 CVD events
’S‘ CV mortality,
2012 Q years of follow-up 2016 Mland stroke

EXTERNALLY

5 in general population & sex-stratified: ASCVD, QRISK2, SCORE2, PREVENT-basic and PREVENT-full*
T
VALIDATED 18

13 derived in (or adapted to) patients with diabetes:
6 sex-stratified: DIAL2, DIAL2-ext, SCORE2-diabetes, PREDICT1-diab, Wan, CHS * Includes

CEIRIOKIMODEE - 7 non-stratified: NDR, Advance, DCS, BASCORE, Fremantle, Kaasenbrood, ARIC Hb&ﬁccsnd y
& ji Non-stratified models
/ Q Sex: :t:::nt;e&:v ::::dels s e \ / \
DISCRIMINATION CALIBRATION
Harrell’s C statistic il — s Calibration plots
DIAL2-ext — - NDR S :
DIAL2 . -
+ Moderate in all SCORE2-diab e fiovaNcE . + Fairly good in all
models PREDICT1-diab e pcs — models
» BESTmodels: PREVENT full == [— " ’ * Most required
ADVANCE, DIAL2- Wan —— . recalibration
ext, DIAL2, QRISK2 = Fremantle . exceptions:
SCORE2-diab, PREVENT base — Kagsenbrood - ADVANCE, DIAL2,
NDR, PREDICT1- SCORE2 el " ) DIAL2-ext,
diab, Wan, AScvD = i | = I , SCORE2, SCORE2-

PREVENT-full. CHS | : ' ‘.m | : 055 06 065 07 075 diabetes.
055 06 065 07 075 \ /

KEYFINDINGS  {&- | h
Models specifically developed for or adapted to diabetic populations, as well as those developed for the general population but
incorporating diabetes-related metabolic control measures (e.g., HbA1c), demonstrated superior performance compared to other
models.

* Best discrimination: Diabetes-specific sex-stratified models (DIAL2, DIAL2-extended, SCORE2-diab and PREDICT1-diab)

Optimal calibration without requiring recalibration: DIAL2, DIAL2-extended, SCORE2-diabetes and ADVANCE
& Greatest applicability among top-performing models: SCORE2-diabetes and ADVANCE due to their simplicity /

)

Eur. J. Prev. Cardiol., Volume 33, Issue 1, January 2026, Pages 111-120,



<— SCOREZ2-Diabetes )

Can SCORE2-Diabetes Improve Pre-Test Probability Assessment
and Clinical Management of Coronary Artery Disease?

Mollace et al. Cardiovascular Diabetology (2025) 24:464 Cardiovascular Dia betology
https://doi.org/10.1186/512933-025-03000-3

Select your region

'RESEARCH Open Access @D @D

@ Moderate Risk

SCORE2-diabetes for predicting coronary -
artery disease: a cardiac CT study in a diabetic
moderate-risk region population

Rocco Mollace'?"®, Matteo Nardin®4, Matteo Arzenton®, Federica Testerini®, Anita Fumagalli®, Flavia Nicoli',
Margherita Celeste Licastro', Alessandro Nudi', Valentina Bernardini®, Federica Frascaro’, Silvana Di Maio’,
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SCORE2-Diabetes and CAD prediction

Higher SCORE2-D scores correlate with
greater CAD burden, more severe |
stenosis, and a predominance of high-

risk plaque features in patients with

T2DM. These findings suggest that
SCORE2-D may be a valuable tool in
refining cardiovascular risk
stratification and guiding clinical j
decision-making in diabetic . H n
populations.
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Novel Prediction Equations for Absolute Risk Assessment of

Total Cardiovascular Disease Incorporating Cardiovascular-
Kidney-Metabolic Health
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Lifetime cardiovascular disease

risk calculators

Lifetime cardiovascular disease risk calculators

Categories

Risk-Calculator

Apparently healthy < 70 years

%
£

LIFE-CVD Model

Sex, age, geographic region, smoking, diabetes mellitus,
parental history of MI prior to age 60, systolic blood
pressure, BMI, total cholesterol, HDL-C, LDL-C, HbAlc,
lipid-lowering drug and antithrombotic treatment.

Type 2 Diabetes Mellitus

Dial 2 Model

Sex, age, geographic region, current smoking, history of
vascular disease, duration of diabetes mellitus, insulin
therapy, systolic blood pressure, BMI, total cholesterol
and HDL-C, LDL-C, HbAlc, eGFR, albuminuria, lipid-
lowering drug and antithrombotic treatment.

Previous Cardiovascula Diseases

A

SMART REACH Model

Sex, age, geographic region, current smoking, history of
vascular disease, duration of diabetes mellitus, insulin
therapy, systolic blood pressure, BMI, total cholesterol
and HDL-C, LDL-C, HbAlc, eGFR, albuminuria, lipid-
lowering drug and antithrombotic treatment.

Eur Heart J Suppl, Volume 27, Issue Supplement_1, February 2025, Pages i16-i21
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C-indices of the core DIAL2 core model for assessing
lifetime CVD events and non-CVD mortality

(Swedish National Register)

DIAL2 Diabetes Lifespan Calculator Core model, CVD events

Tool & Related < Share

Cohort C-statistic [95% CI]
Age SDNR (internal) —. 0.708[0.703, 0.714]
CPRD — 0.732[0.726, 0.739]
Sex SCID — 0.700[0.691, 0.709]
Male I 1 1 1 1
Smoking Status 0.650 0.675 0.700 0.725 0.750
Never Observed Outcome
Body Mass Index (BMI)
Core model, non-CVD mortality
HbA1c (%)
Cohort C-statistic [95% CI]
systolic Blood Pressure (mmHg) SDNR (internal) — 0.713[0.708, 0.718]
CPRD — . 0.720[0.712, 0.727]
SCID e 0.702[0.696, 0.707]

LDL Cholesterol (mg/dL)

[ | I I
0.650 0.675 0.700 0.725

Observed Outcome

DIAL2 Score: Explanation and Clinical Context

The DIAL2 (Diabetes Lifespan) model estimates the lifetime risk of cardiovascular disease (CVD) and CVD-free life expectancy in individuals with type 2 diabetes without prior
CVD history. Developed using data from the Swedish National Diabetes Register, the model incorporates factors such as age, sex, smoking status, BMI, HbA1c, systolic blood
pressure, and LDL cholesterol levels. It has been recalibrated for European low- and moderate-risk regions and externally validated in Scottish and UK populations. The model
assists clinicians in shared decision-making by providing individualized long-term risk assessments, aligning with the 2021 ESC CVD prevention guidelines.

Reference:

@stergaard HB, et al. Estimating individual lifetime risk of incident cardiovascular events in adults with type 2 diabetes: an update and geographical calibration of the DIAbetes
Lifespan perspective model (DIAL2). Eur | Prev Cardiol. 2023;30(1):61-69. doi:10.1093/eurjpc/zwac126.

Eur. J. Prev. Cardiol., Volume 30, Issue 1, January 2023, Pages 61-69, https://doi.org/10.1093/eurjpc/zwac232
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DARE Spoke 3 - Digitally- enabled
secondary and tertiary prevention

DEVELOPMENT OF A 10 YEARS RISK
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Take home message

* The clinical value of SCORE2-Diabetes lies in its application with the context
for which it was developed, namely, individuals with T2DM in countries where
the model has been appropriately calibrated.

* When used outside this target population, its predictive accuracy may be
reduced, potentially leading to misclassification of risk and an
underestimation or overestimation of the tool’s performance.

* Importantly, additional recalibration to local epidemiology and risk factor
distributions is feasible and may improve performance when the model is

implemented in new countries or subpopulations, provided appropriate data
are available.

* |[n addition, although SCORE2-Diabetes is an evaluated and validated tool,

prospective evaluation, e.g. by incorporation into CV outcome trials (CVOTs),
IS needed.
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ESC Guidelines for the management of cardiovascular disease in patients with diabetes
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