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Pathophysiology of Cardiovascular 
Disease in Patients with 

Type 1 Diabetes.



Time course of vascular complications 
in diabetes

Micro   Type 1 Macro
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DCCT DCCT EDIC



We included patients registered in the Swedish National Diabetes Register from 
1998 through 2012 and followed them through 2014. 

Trends in deaths and cardiovascular events were estimated with Cox regression and 
standardized incidence rates. 

For each patient, controls who were matched for age, sex, and county were 
randomly selected from the general population.

Follow-up: median of 15 years. 



N Engl J Med 2017;376:1407-18.

Major Cardiovascular Outcomes in Patients with Type 1 
and Type 2 Diabetes and Matched Controls

Type 1  Diabetes Type 2  Diabetes



A total of 59,331 patients with T1D and 484,241 patients with T2D, aged 18–84
years, were followed over a mean period of 2.6 years from 31 December 2013.

Patients were identified in nationwide prescribed drug and hospital registries in
Norway and Sweden.



Age-stratified incidence of any CVRD events (including MI, stroke, HF, CKD, or CV death), 
cardiorenal disease (HF or CKD), HF, CKD, MI,stroke, all-cause death, and CV death.

Diabetes Care 2021;44:1211–1218
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Lancet Diabetes Endocrinol 2025; 13: 848–62

This study aimed to compare the risk of cardiovascular disease and mortality, as well as 
the contibution of underlying risk factors, between type 1 and type 2 diabetes.

In this nationwide, population-based cohort study, all living people with diabetes aged 
18–84 years reported in the Swedish National Diabetes Register (NDR) by Jan 1, 2016, 
were followed-up over a period of 5 years until Dec 31, 2020. 

In addition, the type 1 diabetes and type 2 diabetes cohorts were compared with 
matched control groups with no diabetes.



Comparison of risk for events in T2D vs matched 
control group in the whole study population

Comparison of risk for events in T1D vs matched 
control group in the whole study population

Lancet Diabetes Endocrinol 2025; 13: 848–62HR 2-4 ↑ both in T1D and T2D vs control 



A) age and sex-adjusted 

B)  A+ HbA1c, LDL, systolic 
blood pressure, and smoking

C) A+ B + diabetes duration 

Lancet Diabetes Endocrinol 2025; 13: 848–62

All CV disease, myocardial infarction, and all-cause mortality during follow-up: 
event-free survival in the type 2 diabetes compared with type 1 diabetes 

populations older than 60 years



A) age and sex-adjusted 

B)  A+ HbA1c, LDL, systolic 
blood pressure, and smoking

C) B + diabetes duration 

Lancet Diabetes Endocrinol 2025; 13: 848–62

All CV disease, myocardial infarction, and all-cause mortality during follow-up: 
event-free survival in the type 2 diabetes compared with type 1 diabetes 

populations younger than 60 years



In this study, type 1 diabetes was associated with higher overall risk for cardiovascular 
disease events and all-cause mortality than type 2 diabetes, particularly at ages older than 
60 years for the studied outcomes. 

Longer diabetes duration seems to be a main contributing factor for higher risk found in 
people with type 1 diabetes versus those with type 2 diabetes in this age group.

Lancet Diabetes Endocrinol 2025; 13: 848–62



Lancet 2018; 392: 477–86

Individuals with type 1 diabetes in the Swedish National Diabetes Register and matched controls from the 
general population. 

We included patients with at least one registration between Jan 1, 1998, and Dec 31, 2012,
mean age 29 years

Using Cox regression, and with adjustment for diabetes duration, we estimated 
the excess risk of  ……cardiovascular mortality, non-cardiovascular mortality, acute 

myocardial infarction, stroke, cardiovascular disease 
(a composite of acute myocardial infarction and stroke), coronary heart disease, …..

Individuals with type 1 diabetes were categorised into five groups, according to age at diagnosis: 
0–10 years, 11–15 years, 16–20 years, 21–25 years, and 26–30 years

27195 individuals with type 1 diabetes and 135178 matched controls were selected for this study.
Median follow-up ∼ 10 years



Lancet 2018; 392: 477–86

Adjusted hazard ratios for CV disease according to age at type 1 
diabetes diagnosis



Lancet 2018; 392: 477–86

Adjusted hazard ratios for CV disease and Acute myocardial infarction, 
according to age at type 1 diabetes diagnosis and sex



Lancet 2018; 392: 477–86

∼17 yrs
∼9 yrs



Lancet 2018; 392: 477–86

Although the explanations for our findings are likely to 

be multifaceted, diabetes duration is likely to have a key 

role; even though we adjusted for duration more robustly 

than other studies, complete adjustment is impossible.



Circulation. 2019;139:1900–1912

Swedish National Diabetes Register from 1998 to 2014 

Relative prognostic importance of 17 risk factors for death 
and cardiovascular outcomes 

Analysis: Cox regression and machine learning analyses.

32611 patients with type 1 diabetes mellitus 
Follow-up of 10.4 years. 



Circulation. 2019;139:1900–1912
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The Diabetes Control and Complications Trial (DCCT) and its observational follow-up
Epidemiology of Diabetes Interventions and Complications (EDIC) demonstrated
the dominant role of glycemia, second only to age, as a risk factor for a first
cardiovascular event in type 1 diabetes (T1D). 

We now investigate the association between established risk factors and the total 
cardiovascular disease (CVD) burden, including subsequent (i.e., recurrent) events.

1,441 DCCT/EDIC participants, mean age at baseline 27 years. 
Over a median follow-up of 29 years, 239 participants had 421 CVD events, and
120 individuals had 149 MACE.



Multivariable proportional rate models for all 
(including recurrent) CVD events



The prognosis of adult-onset type 1 diabetes (T1D) and prognostic factors are sparsely 
investigated. This study assessed mortality, major adverse cardiovascular events (MACE), and 

prognostic factors in adult-onset T1D, particularly focusing on those diagnosed at age ≥40.

Participants were people diagnosed with adult-onset T1D (n = 10 184) or type 2 diabetes (T2D, 
n = 375 523) in 2001–2020 from the Swedish National Diabetes Register and 509 172 

population controls from the Total Population Register, followed until 2022. 
Hazard ratios (HR) and population attributable risk fraction (PAR%) were estimated.

Median follow-up of 10.2 years.
European Heart Journal (2025) 00, 1–11 

https://doi.org/10.1093/eurheartj/ehaf304



Cumulative probability of MACE in T1D diagnosed after age 
40 years and matched controls by sex

European Heart Journal (2025) 00, 1–11 
https://doi.org/10.1093/eurheartj/ehaf304



Hazard ratios for all-cause mortality and MACE in adult-onset type 1 
diabetes by baseline prognostic factors





JAMA Network Open. 2022;5(9):e2230710. 

To evaluate cardiometabolic risk factors and their management in association with CVD
events in women vs men with type 1 diabetes enrolled in the Diabetes Control and 

Complications Trial/Epidemiology of Diabetes Interventions and Complications 
(DCCT/EDIC) study



JAMA Network Open. 2022;5(9):e2230710. 



JAMA Network Open. 2022;5(9):e2230710. 



Compared with men with type 1 diabetes, women with type 1 diabetes 

 may have a lower burden of cardiometabolic risk factors, 

 receive less aggressive cardioprotective medications (despite current guidelines), 

 have no advantage associated with sex in CVD outcomes

JAMA Network Open. 2022;5(9):e2230710. 



Our aim was to describe the degree to which the effect of HbA1c on 
the risk of CVD is mediated by its effect on traditional risk

factors over time, and how these mediation 
pathways change over time





10–20                  15–25             20–30 
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Decomposition of the total effect of HbA1c on CVD 
risk into the direct and indirect effects



We examined whether the presence of microvascular complications was associated with 

increased subsequent risk of cardiovascular disease (CVD) among participants with type 1 

diabetes in the Diabetes Control and Complications Trial and Epidemiology of Diabetes 

Interventions and Complications (DCCT/EDIC) study followed for >35 years.



Diabetes Care 2021;44:1499–1505
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JAMA Network Open. 2022;5(9):e2230710. 
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We evaluated the relationship between microvascular complications 
burden and incidence of major cardiovascular events and all-cause 
mortality in subjects with type 1 diabetes.

We recruited 774 participants with type 1 diabetes in a single-center 
observational study over a follow-up of 10.8±2.5 years.



Adjusted HR for major vascular events 
by microvascular complications in CVD− 



We examined whether previously identified genetic factors for coronary artery disease (CAD) 

are associated with the risk of CVD above and beyond established demographic and clinical

factors in the Diabetes Control and Complications Trial (DCCT)/Epidemiology of Diabetes 

Interventions and Complications (EDIC) study.



Cumulative incidence of CVD and MACE differed by CAD PRS tertile

CVD (P < 0.0001) MACE (P = 0.0005) 





BP < 130/80 mmHg
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European Heart Journal (2025) 00, 1–20 

Risk Factors: Age, hypertension, dyslipidemia, smoking, obesity

< 55 mgdl
(< 40 mg/dl)

< 70 mg/dl

< 100 mg/dl

LDL -Chol



American Diabetes Association
Professional Practice Committee*



Pittsburgh CHD in T1DM risk model 

Swedish T1D Risk Score

Steno Type 1 Risk Score

EURODIAB risk engine (EURO-RE)
……….

CV Risk Score/Engine for Type 1 Diabetes

High discriminative performance   pooled C-statistic of 0.81

JACC: ADVANCES, VOL. 4, NO. 1, 2025 JANUARY 2025:101462



RIASSUNTO 1

 Nel T1D il rischio relativo di andare incontro ad malattia cardiovascolare è: 

 due-quattro volte superiore rispetto alla popolazione generale,

 tanto più elevato quanto più precoce è l’insorgenza del diabete,

 Il rischio assoluto è simile a quello riscontrato nel T2D, e tende ad essere superiore 

     nell’età più avanzata.

 Il rischio assoluto nelle donne con T1D tende a essere simile a quello del sesso maschile.



RIASSUNTO 2

 Accanto all’età, il maggior fattore clinico associato alla malattia cardiovascolare nel T1D è 

    rappresentato dal «carico glicemico», espresso dal livello dell’iperglicemia e 

   dalla sua durata nel tempo (durata del diabete).

 I classici fattori di rischio cardiovascolare contribuiscono ad aumentare 

     il rischio di CVD nel T1D.

 Il continuum di danno micro/macrovascolare è espresso pienamente anche nel T1D.



La malattia cardiovascolare è una complicanza molto frequente e invalidante nel diabete tipo 1.

La prevenzione della malattia cardiovascolare deve essere estremamente precoce 

     attraverso il controllo  di tutti i fattori di rischio che possono portare al danno

micro e macroangiopatico, presupposti fisiopatologici 

della malattia cardiovascolare nel diabete di tipo 1.

TAKE HOME MESSAGE











Age-stratified incidence of any CVRD 
events (including MI, stroke, HF, CKD, or 

CV death), cardiorenal disease (HF or 
CKD), HF, CKD, MI,stroke, all-cause 

death, and CV death. Myocardial Infarction Stroke

CV death



1,441 DCCT/EDIC participants, mean age at baseline 27 years
Median follow-up of 29 years
17 partecipants had 22 episodes of CHF



We assessed risk factors in the long-term (mean 27 years)
follow-up of the Diabetes Control and Complications Trial
(DCCT) cohort with T1DM.



Diabetes Volume 65, May 2016





European Heart Journal (2025) 00, 1–11 
https://doi.org/10.1093/eurheartj/ehaf304

T1D vs controls

T1D vs T2D



Comparison of risk for events in type 2 diabetes versus type 1 diabetes 
in the study population with no previous cardiovascular disease events

Lancet Diabetes Endocrinol 2025; 
13: 848–62



European Heart Journal (2025) 00, 1–11 
https://doi.org/10.1093/eurheartj/ehaf304





72,5% of T1D
with CVD have
Renal Disease 

30% of T1D
with Renal Disease

have CVD

Persons with T1D ≥45 years with cardiorenal complications



The Lancet Regional Health – Europe 2022;21: 100469



Standardized incidence rates per 1000 
person years of CV mortality and AMI.  

All T1D and Controls

The Lancet Regional Health – Europe 2022;21: 100469

3.16            1.56 

0.80             0.27 

Cardiovascular mortality Acute myocardial infarction

5.82            3.30 

0.98             0.66 



IMPACT OF CARDIORENAL DISEASE ON INCIDENCE OF AMI

The Lancet Regional Health – Europe 2022;21: 100469
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Relative risk of cardiovascular disease in 
DMT1 with cardiac autonomic neuropathy

BMJ Open Diab Res Care 2021;9:e002480.



Scaletta

Meccanismi di azione
Epidemiologia con età insorgenza, durata confronto con tipo 2 fattori di rischio e loro peso, microangiopatia 
neuropatia autonomica, nefropatia, genetica, durata diabete 
amnesia metabolica come rene in fioretto dcct

Linee guida EAS e ESC e ADA

Score di rischio
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