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Research

• Several studies have shown a relationship between measures of higher insulin 
resistance and the development of HF in people with diabetes1-3 and obesity4

• Both conditions are associated with insulin resistance, which is correlated with adverse 
cardiac remodeling (cardiac fibrosis, myocardial hypertrophy, and steatosis of the 
myocardium)5,6

• The link between insulin resistance and HF is also supported by the observation 
that insulin resistance is associated with HF in patients without diabetes2

• In addition, the Strong Heart Study in Native Americans demonstrated that 
abnormalities of left ventricle size and systolic function correlated with fasting 
plasma insulin values, and pre-dated the development of diabetes7

HF, heart failure. 
1. Ingelsson E, et al. JAMA 2005;294:334-41; 2. Banerjee D, et al. Circ Heart Fail 2013;6:364-70; 3. Vardeny O, et al. JACC Heart Fail 2013;1:531-6; 4. Kenchaiah S, et al. N Engl J Med 2002;347:305-13; 
5. Rijzewijk LJ, et al. J Am Coll Cardiol 2008;52:1793-9; 6. Shah RV, et al. J Am Coll Cardiol 2013;61:1698-1706; 7. Ilercil A, et al. Diabetes 2002;51:1543-7.  

In context



Aims and methods

• This post hoc observational analysis1 of the UKPDS2 and its 10-year post-trial 
monitoring study3 sought to examine possible associations between IR and the 
incidence of adjudicated HF or death, or HF alone, in patients with newly 
diagnosed T2D and whether this was independent of a relationship with BMI

• It also evaluated the impact on HF/death and on HF alone of the glucose-lowering 
therapies allocated at random in the UKPDS

• Since IR may mediate HF development, HOMA2-IR values for UKPDS participants 
were derived from paired FPG and insulin measures

• Kaplan-Meier survival curves and multivariable survival models were used to 
evaluate associations between HOMA2-IR and HF/death or HF alone

• Adjustment for potential confounders was done by including variables with 
univariate associations (P<0.1) and by requiring a multivariable P<0.05

BMI, body mass index; FPF, fasting plasma glucose; HF, heart failure; IR, insulin resistance; T2D, type 2 diabetes; UKPDS, United Kingdom Prospective Diabetes Study.
1. Wamil M, et al. Diabetes Care 2021;44:1-8; 2. UKPDS. Diabetologia 1991;34(12):877-90; 3. Holman RR et al. N Engl J Med 2008;359:1577-89.

Aims/hypothesis:

Methods:



Results

• At enrollment, mean age was 52.5 years
• Mean HbA1c: 7.2% 
• Mean BMI: 28.8 kg/m2

• Median HOMA2-IR was 1.6 (interquartile range: 1.1–2.2)

• HF/death occurred in 45.4% over median follow-up of 16.4 years
• 235 first HF events; 1,739 deaths 
• Multivariable independent associations with HF/death were older age and higher BMI, HOMA2-IR, FPG, waist-

to-hip ratio, systolic blood pressure, LDL cholesterol, and heart rate as well as sex, race, smoking status, prior 
atrial fibrillation, and prior microalbuminuria

• A doubling of HOMA2-IR was associated with: 
• 5% greater risk of HF/death (RR 1.05 [95% CI 1.01–1.12], P=0.0029) 
• 14% greater risk of HF (RR 1.14, [95% CI 1.02–1.27], P=0.017)

BMI, body mass index; CI, confidence interval; FPG, fasting plasma glucose; HF, heart failure; LDL, low-density lipoprotein; RR, relative risk; SD, standard deviation T2D type 2 diabetes. 
Wamil M, et al. Diabetes Care 2021;44:1-8.

Of 5,102 UKPDS participants 
with newly diagnosed T2D 4,344 had HOMA2-IR measurements



CI, confidence interval; HF, heart failure; RR, relative risk. 
Wamil M, et al. Diabetes Care 2021;44:1-8.

Results
Cumulative incidence plots split by median HOMA2-IR value, with unadjusted RRs and log-rank P values

Kaplan-Meier estimates confirmed a significant association (log-rank P<0.0001) between 
baseline HOMA2-IR and HF/death and HF alone 
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HOMA2-IR ≥1.6 2048 1932 1684 1205 522 67

2296 2134 1884 1373 616 67
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Years since 
randomization

RR 1.09 (95% CI 1.04–1.15; P=0.0004) RR 1.32 (95% CI 1.10–1.58; P=0.0021)



Events, N (%) RR (95% CI) P value for interaction

Overall 1969 (45.4) 1.08 (1.05–1.11)
BMI 0.16
Normal weight (18.5–25) 482 (43.2) 1.09 (1.02–1.16)
Overweight (25–30) 775 (44.7) 1.03 (0.98–1.09)
Obese (30+) 713 (48.1) 1.10 (1.04–1.16)
WHR 0.049
<88.1 627 (43.3) 1.12 (1.07–1.17)
88.1–94.5 682 (45.8) 1.06 (1.00–1.13)
94.5–120.6 665 (47.3) 1.03 (0.98–1.08)

BMI, body mass index; CI, confidence interval; HF, heart failure; RR, relative risk; WHR, wait-to-hip ratio. 
Wamil M, et al. Diabetes Care 2021;44:1-8.

Results
Subgroup analyses: association of HOMA2-IR with composite outcome of HF/death, split by BMI and WHR

Found no heterogeneity for the association of HOMA2-IR with HF/death between normal-weight, 
overweight, and obese individuals (P=0.16); but between WHR there was possible evidence suggesting 

stronger association of HOMA2-IR with the composite outcome in those with lower WHR (P=0.049)

1.0 1.50.75



How might this impact clinical practice? 

• There is potential utility and relatively low cost of using HOMA2-IR for early 
risk stratification of people with newly diagnosed diabetes
• This could facilitate targeting patients with IR (and at high risk of HF) with treatments 

particularly effective at reducing HF: e.g., SGLT2i

• HOMA2-IR estimates have been validated against euglycemic clamp 
measures, the acute insulin response from the intravenous glucose 
tolerance test, and the insulinogenic index from OGTT
• Estimating insulin resistance by HOMA2-IR requires measuring only paired 

concentrations of fasting insulin 
• FPG could be used in clinical practice, in addition to epidemiological studies

FPG, fasting plasma glucose; HF, heart failure; OGTT, oral glucose tolerance testing; SGLT2i, sodium-glucose cotransporter-2 inhibitor. 
Wamil M, et al. Diabetes Care 2021;44:1-8.



Conclusion

BMI, body mass index; HF, heart failure; T2D, type 2 diabetes. 
Wamil M, et al. Diabetes Care 2021;44:1-8.

This large post hoc analysis 
showed that participants 

with insulin resistance and 
newly diagnosed T2D were 

more likely to develop HF or 
die than those who were 

more insulin sensitive

These associations were independent of BMI

Accordingly, it is proposed that HOMA2-IR 
measured at T2D diagnosis could be an 
important additional predictor of the future 
risk of HF and death in people with T2D
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Research

• The incidence of adverse CV events among persons with diabetes is triple that 
among persons without diabetes
• The incidence of adverse renal events is also high among persons with diabetes
• Incidence rises with increasing duration of diabetes, increasing HbA1c, increasing UACR, the 

presence of kidney dysfunction, a history of CVD, and the presence of other CV risk factors
• Similar factors increase the incidence of adverse renal events

• Four GLP-1RA that are structurally similar to human GLP-1 have been shown to 
reduce the risk of adverse CV events among persons with T2D
• The effect of an exendin-based GLP-1RA, efpeglenatide, on CV and renal 

outcomes in T2D patients at high risk for adverse CV events is uncertain
• Efpeglenatide consists of a modified exendin-4 molecule conjugated with an IgG4 Fc fragment

CV, cardiovascular; CVD, CV disease; GLP-1, glucagon-like peptide-1; GLP-1RA, GLP-1 receptor agonist; T2D, type 2 diabetes; UACR, urinary albumin-to-creatinine ratio.
Gerstein HC, et al. N Engl J Med 2021; doi: 10.1056/NEJMoa2108269. 

In context



Objectives

• This randomized, placebo-controlled trial conducted at 344 sites across 28 countries evaluated 
efpeglenatide in participants with T2D and either a history of CVD or current kidney disease*plus 
at least one other CV risk factor 

• Participants were randomly assigned 1:1:1 to receive weekly SC efpeglenatide at a dose of 4 or 6 
mg or placebo
• Randomization was stratified according to use of SGLT2i

• First MACE (composite of nonfatal MI, nonfatal stroke, or death from CV or undetermined causes)

• Expanded MACE composite outcome (MACE, coronary revascularization, or hospitalization for 
unstable angina) 

• Composite renal outcome (incident macroalbuminuria [UACR >300], plus increase in UACR ≥30% 
from baseline, sustained decrease in eGFR of ≥40% for ≥30 days, renal-replacement therapy for 
≥90 days, or sustained eGFR <15 ml per minute per 1.73 m2 for ≥30 days)

*Defined as an eGFR of 25.0 to 59.9 ml per minute per 1.73 m2 of body-surface area.
CV, cardiovascular; eGFR, estimated glomerular filtration rate; MACE, major adverse cardiovascular event; MI, myocardial infarction; SC, subcutaneous; SGLT2i, sodium-glucose cotransporter-2 inhibitor; T2D, 
type 2 diabetes; UACR, urinary albumin-to-creatinine ratio.
Gerstein HC, et al. N Engl J Med 2021; doi: 10.1056/NEJMoa2108269. 

Objective:

Primary outcome:

Secondary outcomes: 



Patients

• Mean (±SD) age of the participants was 64.5±8.2 years; 1,954 (47.9%) were younger than 
65 years of age, and 1,344 (33.0%) were female
• 89.6% had a history of CVD
• 31.6% had an eGFR of less than 60 ml per minute per 1.73 m2

• 21.8% had both CVD and a low eGFR
• 15.2% were using an SGLT2i at baseline 

• Similar percentages of participants in the efpeglenatide groups and the placebo group 
were receiving various glucose-lowering or cardioprotective drugs at baseline
• However, at the last trial visit, a greater proportion in the placebo group than in the efpeglenatide

groups were taking a DPP-4i (1.9% vs. 0.9%, P=0.005) or an SGLT2i (21.2% vs. 17.5%; P=0.004)

CVD, cardiovascular disease; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular filtration rate; SD, standard deviation; SGLT2i, sodium-glucose cotransporter-2 inhibitor. 
Gerstein HC, et al. N Engl J Med 2021; doi: 10.1056/NEJMoa2108269. 

5,732 patients screened; 
4,076 randomized

1,359 patients were assigned efpeglenatide 4 mg, 
1,358 to efpeglenatide 6 mg, and 1,359 to receive placebo



Results

• During follow-up, 7.0% assigned to efpeglenatide and 9.2% assigned to placebo had at 
least one MACE 
• 3.9 versus 5.3 events per 100 person-years; HR, 0.73; 95% CI 0.58–0.92; 

P<0.001 for noninferiority at both the 1.8 and 1.3 margins, and P=0.007 for superiority
• Thus, an estimated 46 similar patients would need to be treated with efpeglenatide for 1.8 years 

to prevent one MACE
• Exploratory analyses suggested a possible dose–response effect:

• Estimated HR 0.82 (95% CI, 0.63–1.06) for the comparison between the 4 mg efpeglenatide group 
and the placebo group and 0.65 (95% CI, 0.50–0.86) for the comparison between the 6 mg 
efpeglenatide group and the placebo group

• Participants assigned to receive efpeglenatide also reported a significantly lower 
incidence of secondary outcomes: 
• At least one expanded MACE composite event (HR 0.79; 95% CI, 0.65–0.96; P=0.02)
• Renal composite outcome event (HR 0.68; 95% CI, 0.57–0.79; P<0.001)
• MACE or death from non-CV causes (HR 0.73; 95% CI, 0.59–0.91; P=0.004)

CI, confidence interval; CV, cardiovascular; HR, hazard ratio; MACE, major adverse CV event. 
Gerstein HC, et al. N Engl J Med 2021; doi: 10.1056/NEJMoa2108269. 



BMI, body mass index; CI, confidence interval; CV, cardiovascular; CVD, CV disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; MACE, major adverse CV event;  SGLT2i, sodium-glucose 
cotransporter-2 inhibitor. Gerstein HC, et al. N Engl J Med 2021; doi: 10.1056/NEJMoa2108269. 

Analyses of the effect of efpeglenatide on primary outcome within predefined, clinically relevant 
subgroups showed no variation with sex, age, race, duration of diabetes, HbA1c, BMI, eGFR, 

history of CVD, use of SGLT2i, or use of metformin

Major CV and renal outcomes
Incident MACE Renal composite outcomeExpanded MACE composite MACE or non-CV death
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CI, confidence interval; CV, cardiovascular; CVD, CV disease; GLP-1, glucagon-like peptide-1; GLP-1RA, glucagon-like peptide-1 receptor agonist; SC, subcutaneous; SGLT2i, sodium-glucose cotransporter-2 
inhibitor; T2D, type 2 diabetes. 
Gerstein HC, et al. N Engl J Med 2021; doi: 10.1056/NEJMoa2108269. 

How might this impact clinical practice? 

• In this CV outcomes trial, weekly SC efpeglenatide for a median of 1.8 years led to 
27% lower risk of incident MACE, and 32% lower risk of a composite renal 
outcome event than placebo in T2D patients with either a history of CVD or 
current kidney disease
• The results suggest the CV and renal benefits occurred independently of baseline 

use of SGLT2i, baseline use of metformin, and baseline eGFR
• The fact that these findings accrued with a long-acting exendin-4–based GLP-1RA 

suggests that the CV benefits of this class of agents are not restricted to GLP-1RA 
that are structurally similar to human GLP-1
• Over 15% of participants had concomitant use of an SGLT2i; the overlapping CI for 

the CV effects with or without SGLT2i suggest that the beneficial CV effects of 
efpeglenatide may be independent of those of an SGLT2i



Conclusion

• Efpeglenatide reduces the risk of serious adverse CV and renal events 
among persons with T2D and either a history of CVD or current 
kidney disease independently from the use of cardioprotective drugs 
or the use of glucose-lowering agents, including SGLT2i

CV, cardiovascular; CVD, CV disease; SGLT2i, sodium-glucose cotransporter-2 inhibitor; T2D type 2 diabetes. 
Gerstein HC, et al. N Engl J Med 2021; doi: 10.1056/NEJMoa2108269. 



Finerenone reduces new-onset atrial fibrillation in 
patients with chronic kidney disease and type 2 
diabetes
Gerasimos Filippatos, George L. Bakris, Bertram Pitt, Rajiv Agarwal, Peter Rossing, 
Luis M. Ruilope, Javed Butler, Carolyn S.P. Lam, Peter Kolkhof, Luke Roberts, 
Christoph Tasto, Amer Joseph, Stefan D. Anker; on behalf of the FIDELIO-DKD 
Investigators

J Am Coll Cardiol 2021;78:142-52. 



Research

• Atrial fibrillation is the most common sustained arrhythmia, with a rising 
prevalence that substantially increases the risk of stroke and heart failure1

• CKD and T2D are associated with increased risk of atrial fibrillation, and 
also higher morbidity and mortality associated with atrial fibrillation 
compared with patients without diabetes2

• Both CKD and T2D have been shown to induce atrial structural or electrical 
remodeling that may, in turn, provide the substrate for the development of 
atrial fibrillation2

• Finerenone, a novel, selective, nonsteroidal MRA, significantly reduced the 
risk of cardiovascular events in patients with CKD and T2D in the FIDELIO-
DKD (Finerenone in Reducing Kidney Failure and Disease Progression in 
Diabetic Kidney Disease) Phase 3 trial3

CKD, chronic kidney disease; T2D, type 2 diabetes. 
1. Hindricks G et al. Eur Heart J 2021;42:373-498; 2. Alonso A, et al. Circulation 2011;123:2946-53; 3. Bakris GL et al. N Engl J Med 2020;383:2219-29.

In context



AFF, atrial fibrillation or flutter.
Filippatos G, et al. J Am Coll Cardiol 2021;78:142-52. 

Aim

• The aim of this secondary analysis of the FIDELIO-DKD trial was:
• To describe the effect of finerenone on the incidence of new-onset AFF in 

patients with CKD and T2D
• To assess the effect of finerenone on kidney and cardiovascular outcomes in 

patients with and without a history of AFF



AFF, atrial fibrillation or flutter; CVD, cardiovascular death; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; UACR, urine albumin-to-creatinine ratio.
Filippatos G, et al. J Am Coll Cardiol 2021;78:142-52. 

Patients and methods

• Patients with CKD and T2D randomized (1:1) to finerenone or placebo
• Eligible patients had UACR ≥30 to <5,000 mg/g, eGFR ≥25 to<75 

mL/min/1.73 m2 and received optimized doses of renin–angiotensin 
system blockade

• Effect on new-onset AFF was evaluated as a pre-specified outcome 
adjudicated by an independent cardiologist committee

• The primary composite outcome (time to first onset of kidney failure, a 
sustained decrease of ≥40% in eGFR from baseline, or death from renal 
causes) 

• Key secondary outcomes (time to first onset of CVD, nonfatal MI, nonfatal 
stroke, or hospitalization for heart failure) were analyzed by history of AFF

Patients: 

Methods:



Results

• New-onset AFF occurred in 3.2% patients on finerenone and 4.5% on 
placebo
• HR 0.71; 95% CI 0.53–0.94; P<0.016

• Overall incidence of the primary kidney outcome* was significantly lower 
with finerenone than with placebo 
• 17.8% versus 21.1%, respectively; HR: 0.82; 95% CI 0.73–0.93; P<0.001

• The effect of finerenone on primary and key secondary kidney and 
cardiovascular outcomes was not significantly impacted by baseline AFF

*Composite of time to first onset of kidney failure, a sustained decrease of ≥40% in eGFR from baseline, or death from renal causes.
AFF, atrial fibrillation or flutter; BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; UACR, urine 
albumin-to-creatinine ratio.
Filippatos G, et al. J Am Coll Cardiol 2021;78:142-52. 

Of 5,674 patients, 8.1% 
had a history of AFF

More likely to be older, male, white, with a history of CVD, 
higher BMI, higher waist circumference, higher CRP, and 
lower median UACR than those without a history of AFF



AFF, atrial fibrillation or flutter.
Filippatos G, et al. J Am Coll Cardiol 2021;78:142-52. 

Incidence of new-onset AFF was significantly lower with finerenone in patients 
without a history of AFF compared with those on placebo

Time to new-onset AFF 
in patients without history of AFF

• Finerenone = 82/2,593 (3.2%)
• Incidence: 1.20 per 100 PY
• 95% CI 0.96–1.48

• Placebo: 117/2,620 (4.5%) 
• Incidence 1.72 per 100 PY
• 95% CI 1.42–2.04)

• HR: 0.71 (95% CI 0.53–0.94; P=0.0164)

Cumulative incidence probability
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New-onset AFF and cardiorenal outcomes 
by AFF history in FIDELIO-DKD
• In FIDELIO-DKD, finerenone

significantly lowered the 
incidence of new-onset AFF in 
patients with CKD and T2D

• The observed effects in this 
analysis may be via the 
reduction of mineralocorticoid 
receptor-mediated cardiac 
remodeling

• Finerenone also reduced the 
risk of kidney and CV 
outcomes irrespective of 
baseline AFF history

AFF, atrial fibrillation or flutter; CI, confidence interval; CKD, chronic kidney disease; 
CV, cardiovascular; HR, hazard ratio; T2D, type 2 diabetes.
Filippatos G, et al. J Am Coll Cardiol 2021;78:142-52. 

Mineralocorticoid receptor Mineralocorticoid receptor

Medical history 
of AFF

HR (95% CI)
Finerenone vs. placebo P value

New-onset AFF ↓ No 0.71 (0.53–0.94) 0.0164

CKD progression ↓
All patients 0.82 (0.73–0.93) 0.001
No 0.81 (0.71–0.91)

NS
Yes 1.13 (0.71–1.79)

CV morbidity 
and mortality ↓

All patients 0.86 (0.75–0.99) 0.03
No 0.85 (0.73–0.99)

NS
Yes 0.88 (0.62–1.24)

1.0 4.00.2

Favours placeboFavours finerenone

2.0



AFF, atrial fibrillation or flutter; CKD, chronic kidney disease; SGLT2i, sodium-glucose cotransporter-2 inhibitor; T2D, type 2 diabetes. 
Filippatos G, et al. J Am Coll Cardiol 2021;78:142-52. 

Practical consequences

• Atrial fibrillation is a major and growing public health problem, with heart failure 
reported in 20% to 30% of patients
• It is also associated with a 5-fold increase in the risk of stroke and up to 3.5-fold increase in 

the risk of death
• The increasing burden of atrial fibrillation is, at least in part, related to the 

increase in age-associated predisposing conditions such as CKD and T2D

• Protective properties may be effective in reducing the burden of AFF in patients 
with T2D
• This was demonstrated in this study with finerenone and was reported by others with 

glucose-lowering SGLT2i
• In addition to a reduction in the risk of new-onset AFF, previously reported kidney-protective 

and cardioprotective effects of finerenone in these patients with CKD and T2D were shown 
here to be consistent in patients with or without a history of AFF



Summary

• Among patients with CKD and T2D, finerenone reduced the risk of 
new-onset AFF

• In addition, finerenone reduced the risk of kidney or CV events
• With no significant differences between patients with and without  

history of AFF at baseline

AFF, atrial fibrillation or flutter; CV, cardiovascular.
Filippatos G, et al. J Am Coll Cardiol 2021;78:142-52. 
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