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All patients (aged ≥18 years) with type 1 diabetes and no known heart 
failure who were registered in the national diabetes registry between 
January, 1998, and December, 2003. 

These patients were followed up until hospital admission for heart failure, 
death, or end of follow-up on Dec 31, 2009.

20 985 patients with mean age of 38·6 years (SD 13·3) at baseline.



Incidence of heart failure in patients aged  56–60 years  with T1D 
diagnosed at 11–20 years of age  T1D without no known HF.

Swedish National Diabetes Registry January, 1998 - December, 2003 

25% increase for 1%
 increment of 

updated mean HbA1c
(fully adjusted analysis)

Incidence of 3·38 
events per 1000 

patient-years 
(95% CI 3·12–3·65)



In this prospective case-control study, we identified all individuals with 
type 1 diabetes registered in the Swedish National Diabetes Registry 
between Jan 1, 1998, and Dec 31, 2011 and five controls randomly selected 
from the general population for each patient.

33 402 patients (mean age at baseline 35 years [SD 14]), 45% women.

Mean duration of diabetes 20·1 years (SD 14·5).

Mean follow-up of 7·9 years.



Unadjusted hazard ratios for admission to hospital for heart failure

The HR for all individuals 
with T1D versus controls

was 4·69 
(95% CI 3·64–6·04)



Adjusted hazard ratios for admission to hospital for heart failure 

HbA1c %



Albuminuria

CKD



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  …….. heart failure …..

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 Heart Failure, 
according to age at type 1 diabetes diagnosis



Lancet 2018; 392: 477–86

Adjusted hazard ratios for Heart Failure, according to age 
at type 1 diabetes diagnosis and sex



Circulation. 2018;138:2774–2786

We examined the incidence and case-fatality of heart failure 
hospitalizations in the entire population aged ≥30 years resident 

in Scotland during 2004 to 2013.

10-year period of follow-up



Circulation. 2018;138:2774–2786

Incidence of heart failure hospitalization



Incidence of heart failure hospitalization in people 
without previous ischemic heart disease.

Circulation. 2018;138:2774–2786



30-day case-fatality of incident heart failure hospitalization

Circulation. 2018;138:2774–2786



Type 1 diabetes (T1D) and type 2 diabetes (T2D) increase risks of cardiovascular
and renal disease (CVRD). Direct comparisons between T1D and T2D are scarce. 
We examined this by pooling full-population cohorts in Sweden and Norway.

RESEARCH DESIGN AND METHODS
A total of 59,331 patients with T1D and 484,241 patients with T2D, 
aged 18–84
Mean follow-up 2.6 years from 31 December 2013.



Incidence of Heart Failure



Incidence of Heart Failure



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

Albuminuria/eGFR

HbA1c

LDL Cholesterol

Systolic BP

Duration of diabetes



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





The Lancet Regional Health – Europe 2022;21: 100469



Standardized incidence rates per 1000 
person years of heart failure. 

All T1D and Controls

The Lancet Regional Health – Europe 2022;21: 100469

4.86                      3.75 

1.04                    0.87 



HEART FAILURE 18-<35 35-<50 50-<65 ≥65

T1D with CV disease 2.02 (0.80 3.23) 3.88 (3.31 4.46) 6.15 (5.64 6.65) 5.72 (4.67 6.77)

T1D without CV disease 0.16 (0.14 0.17) 0.71 (0.67 0.76) 2.07 (1.95 2.19) 3.36 (2.91 3.82)

All T1D 0.16 (0.14 0.19) 0.82 (0.76 0.89) 2.66 (2.48 2.84) 3.97 (3.36 4.58)

Controls with CV disease 0.67 (0.21 1.14) 1.52 (1.14 1.89) 3.09 (2.80 3.38) 5.39 (4.72 6.06)

Controls without CV disease 0.03 (0.03 0.03) 0.18 (0.17 0.19) 0.66 (0.64 0.69) 1.43 (1.30 1.57)

All controls 0.03 (0.03 0.04) 0.19 (0.18 0.21) 0.77 (0.73 0.81) 1.98 (1.77 2.19)

The Lancet Regional Health – Europe 2022;21: 100469
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IMPACT OF CARDIORENAL DISEASE ON INCIDENCE OF HEART FAILURE

The Lancet Regional Health – Europe 2022;21: 100469



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



We included 1,713 and 28,624 participants with T1DM and T2DM, 
respectively, from the UK Biobank who were free of HF during 

enrollment.

There were 145 and 2,515 incident cases of HF recorded among 
participants with T1DM and T2DM, respectively

Median follow-up of 11.5 years



HR in T2D
3.76 (2.74-4.88)



Circulation. 2020;141:1107–1109

Poor glycemic control in patients with T1DM followed in the DCCT (Diabetes Control and 
Complications Trial), but not in patients with type 2 diabetes mellitus, is associated with 
positivity for multiple (≥2) cardiac autoantibodies, similar to a HF cohort with Chagas 
cardiomyopathy, raising the possibility of autoimmune-associated myocardial dysfunction in 
T1DM

DCCT/EDIC study



Circulation. 2020;141:1107–1109



Patients with type 1 diabetes surviving 90 days after MI (n=1508; 60% male, mean 
age=62.1 years) or without any type of diabetes (n=62,785) in Finland during 2005–
2018 were retrospectively studied using multiple national registries.

Median follow-up was 3.9 years (maximum 12 years). 

Differences between groups were balanced by multivariable adjustments and 
propensity score matching (n=1401 patient pairs).



Heart Failure Hospitalization

sHR: 1.98 (CI 1.67–2.35; p<0.0001)



Observational follow-up study of 4,217 individuals from the 
Finnish Diabetic Nephropathy (FinnDiane) 



RIASSUNTO 1

 Nel T1D il rischio di andare incontro ad insufficienza cardiaca è: 

 quattro-sei volte superiore rispetto alla popolazione generale,

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

 maggiore rispetto al T2D, soprattutto nell’età più avanzata.

 Il rischio relativo nelle donne con T1D rispetto alla popolazione generale è simile a quello 

     del sesso maschile nell’età giovanile, mentre  nell’età più avanzata diventa  maggiore.  



RIASSUNTO 2

 Il maggior fattore clinico associato all’insufficienza cardiaca nel T1D è la CKD e la 

     complicanza microvascolare nel suo insieme con potente effetto additivo/moltiplicativo.

 Accanto all’età e alla durata del diabete il controllo glicemico si pone come 

     un ulteriore importante fattore di rischio di insufficienza cardiaca. 

 I fattori di rischio e le patologie concomitanti subcliniche o cliniche sono strettamente

     intercorrelati tra loro, come elementi reciprocamente causali e sinergici nel determinare

     il rischio di sviluppare insufficienza cardiaca.



L’insufficienza cardiaca è sicuramente una realtà sottovalutata nel diabete tipo 1.

La prevenzione dell’insufficienza cardiaca deve essere estremamente precoce 

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

micro e macroangiopatico e neurologico, che sono i presupposti fisiopatologici 

dell’insufficienza cardiaca nel diabete di tipo 1.

La ricerca dell’insufficienza cardiaca subclinica è indispensabile per attuare

gli interventi terapeutici idonei a rallentarne la progressione.

TAKE HOME MESSAGE



In this observational follow-up study of 4,217 individuals from the Finnish Diabetic
Nephropathy (FinnDiane) Study with no prior MI or coronary revascularization, we
verified 253 (6.0%) MIs from medical records or death certificates

Median post-MI survival time of 3.07 years 

71 experienced HF 









Hazard ratios for hospitalization for HF
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