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CASO CLINICO: MARA 67 anni 
• Diabete	mellito	di	tipo	2	dall’età	di	60	anni	
• Familiarità	per	diabete	e	cardiopatia	ischemica	(padre	IMA	a	57	
anni)	

• Regolarmente	seguita	dal	servizio	di	diabetologia	da	circa	3	anni	
• Terapia	in	corso:	

• Metformina	1000	mg	x	2	al	dì	

• Gliclazide	RM	30	mg	1	cp	al	dì	
• Simvastatina	20	mg	1	cp	al	dì	

• Cardioaspirina	1	cp	al	dì	
• Ramipril	2.5	mg	1	cp	al	dì	



Roma,	8-11	novembre	2018	

	

MARA 67 anni: dati 
•  BMI	29.5	Kg/mq	
•  PA	130/85	mmHg,	polso	ritmico	84	min.	
•  HbA1c	8.2	%	(66	mmol/mol)	

•  Creatinina	1.13	
•  Filtrato	68	ml/min	
•  Col	LDL	103	
•  Microalbuminuria	26	mg/g	creat	
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MARA 67 anni: Dati 
•  Polsi	periferici	presenti	
•  Obiettività	cardiopolmonare	negativa	

•  ABI	nella	norma	
•  Iporiflessia	arti	inferiori	
•  Biotesiometria	e	test	monofilamento	compatibili	con	

polineuropatia	sensitiva	
•  Piede	neuropatico	
•  Retinopatia	non	proliferante	di	grado	lieve	
•  Ecolor	doppler	carotideo	di	due	anni	prima:	negativo	
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MARA 67 anni 

•  Riferisce	dispnea	da	sforzo:	ha	sempre	fatto	le	3	rampe	di	
scala	di	casa	senza	problemi,	nonostante	la	vita	
sedentaria	

•  Ultimamente	deve	fermarsi	dopo	le	prime	due	

•  Di	recente	dopo	un	episodio	simil-influenzale,	ha	
presentato	un	lieve	edema	agli	arti	inferiori	serale,	che	il	
mattino	seguente	era	scomparso	
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Che	significato	dareste	a	questa	dispnea	?	

1.  Dispnea	come	equivalente	coronarico	
(cardiopatia	ischemica	silente)	

2.  Dispnea	di	origine	polmonare	

3.  Dispnea	di	altra	natura	
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Che	esami	fareste	?	

1.  ECG	+	Rx	Torace	
2.  ECG	+	Ecocardiografia	
3.  ECG	+	Test	da	sforzo	
4.  ECG	+	RX	torace	+	PFR	
5.  ECG	+	NT-proBNP	
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ESAMI	

•  Rx	torace:	negativo	
•  PFR:	FEV1	92%	
•  ECG:	r.s.,	IVS,	alterazioni	della	RV	a	tipo	
sovraccarico	-	ischemia	
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ECG	

r.s., IVS, alterazioni della RV a tipo sovraccarico - ischemia 
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ECOCARDIOGRAMMA 
Ventricolo	sinistro	di	dimensioni	ai	limiti	superiori,	ipertrofia	
parietale,	funzione	sistolica	lievemente	depressa,	FE	47	%,	
disfunzione	diastolica	di	II	grado	
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CORONAGRAFIA	

CORONARIE	INDENNI	
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Cardiovascular	disease	and diabetes	

Cardiovascular	
complications	of	

T2DM	

~	65%	of	deaths	are		due	to	CVD	

CHD	deaths	
↑	2	to	4	fold	

Stroke		
↑	2	to	4	fold	

Heart	failure		
↑	2	M	to	5	F	fold	

Indipendentemente	da	
ipertensione	arteriosa	
e	coronaropatia		
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Prognostic Impact of Diabetes
on Long-term Survival Outcomes
in Patients With Heart Failure:
A Meta-analysis
Diabetes Care 2017;40:1597–1605 | https://doi.org/10.2337/dc17-0697

OBJECTIVE

Several studies have explored the impact of diabetes on mortality in patients with
heart failure (HF). However, the extent towhich diabetesmay confer risk ofmortality
and hospitalization in this patient population remains imperfectly known. Here we
examine the independent prognostic impact of diabetes on the long-term risk of
mortality and hospitalization in patients with HF.

RESEARCH DESIGN AND METHODS

PubMed, Scopus, and Web of Science from January 1990 to October 2016 were the
data sources used. We included large (n ‡1,000) observational registries and ran-
domized controlled trials with a follow-up duration of at least 1 year. Eligible studies
were selected according to predefined keywords and clinical outcomes. Data from
selected studies were extracted, and meta-analysis was performed using random-
effects modeling.

RESULTS

A total of 31 registries and 12 clinical trials with 381,725 patients with acute and
chronic HF and 102,036 all-cause deaths over a median follow-up of 3 years were
included in the final analysis. Diabetes was associated with a higher risk of all-cause
death (random-effects hazard ratio [HR] 1.28 [95% CI 1.21, 1.35]), cardiovascular
death (1.34 [1.20, 1.49]), hospitalization (1.35 [1.20, 1.50]), and the combined end
point of all-cause death or hospitalization (1.41 [1.29, 1.53]). The impact of diabetes
onmortality and hospitalizationwas greater in patientswith chronic HF than in those
with acute HF. Limitations included high heterogeneity and varying degrees of con-
founder adjustment across individual studies.

CONCLUSIONS

This updated meta-analysis shows that the presence of diabetes per se adversely
affects long-term survival and risk of hospitalization in patients with acute and
chronic HF.

Heart failure (HF) is a progressive clinical syndrome with a major health and socioeco-
nomic impact. The prevalence of HF is high among persons aged 70 years or older
($10%) and is projected to increase rapidly in the general population worldwide,
mainly because of better life expectancy (1). Although some progress has been
made in improving survival in hospitalized patients with HF, the rates of hospital
readmissions are rising dramatically, especially in the elderly (1).
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M
ETA-ANALYSIS

•  31	registri	e	12	trials	
•  381725	pz	(26.1%	diabetici:	99720	pz)	
•  Età	media:	68,9	anni,	56	%	M	
•  Follow	up	medio:	3	anni	
•  199832	per	Acuto	HF	(23.8%	diabetici:	47495	pz)	
•  181893	per	Cronico	HF	(28.7%	diabetici:	52225	pz)	

END	POINT	 HR	

Mortalità	per	tutte	le	cause	 1.28	(CI	1.21	–	1.35)	
Morte	cardiovascolare	 1.34	(CI	1.20	–	1.49)	
Ospedalizzazione	 1.35	(CI	1.20	–	1.50)	
Morte	per	tutte	le	cause	+	ospedalizzazione	 1.41	(CI	1.29	–	1.53)	

•  Il	rischio	di	mortalità	e	ospedalizzazione	era	maggiore	per	pz.	diabetici	con	scompenso	cronico	
rispetto	a	quelli	con	scompenso	acuto	(maggiore	morbilità)	

•  Nessuna	differenza	tra	LVEF	≤	35%	vs	>	35% di partenza 
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Grafico 2314

Prime 10 diagnosi principali in caso di ricovero ordinario in soggetti con e senza diabete 
(ricoverati per 1000 soggetti)8

Grafico 24
Prime 10 diagnosi principali in caso di ricovero ordinario in soggetti con e senza diabete 
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Grafico 2615

I 10 più frequenti DRG nei diabetici ricoverati in regime ordinario in funzione del sesso
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Grafico 27
Primi 10 DRG in caso di ricovero ordinario in funzione del sesso
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disorders in the clinical practice. There are no specific limitations to HF treatment in T2DM. Subanalyses of trials
addressing HF treatment in the general population have shown that all HF therapies are similarly effective regardless
of T2DM. Concerning T2DM treatment in HF patients, most guidelines currently recommend metformin as the
first-line choice. Sulphonylureas and insulin have been the traditional second- and third-line therapies although their
safety in HF is equivocal. Neither glucagon-like preptide-1 (GLP-1) receptor agonists, nor dipeptidyl peptidase-4
(DPP4) inhibitors reduce the risk for HF hospitalization. Indeed, a DPP4 inhibitor, saxagliptin, has been associated
with a higher risk of HF hospitalization. Thiazolidinediones (pioglitazone and rosiglitazone) are contraindicated in
patients with (or at risk of) HF. In recent trials, sodium–glucose co-transporter-2 (SGLT2) inhibitors, empagliflozin
and canagliflozin, have both shown a significant reduction in HF hospitalization in patients with established CV disease
or at risk of CV disease. Several ongoing trials should provide an insight into the effectiveness of SGLT2 inhibitors in
patients with HFrEF and HFpEF in the absence of T2DM.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Keywords Heart failure • Type 2 diabetes mellitus • Heart failure hospitalization • Heart failure treatment •
Glucose-lowering agents

Introduction
The coexistence of heart failure (HF) and type 2 diabetes mellitus
(T2DM) is common and has a strong impact on clinical manage-
ment and prognosis. T2DM is associated with worse clinical status
and increased all-cause and cardiovascular (CV) mortality in both
patients with HF with reduced (HFrEF) and preserved ejection
fraction (HFpEF), compared to HF patients without T2DM.1 Con-
versely, HFrEF is an independent predictor of fatal and non-fatal
clinical outcomes in patients with T2DM.2,3 The major causes of
HF in T2DM include coronary artery disease (CAD) and hyper-
tension, but also, a possible direct detrimental effect of T2DM on
the myocardium.4 This position paper provides advice and educa-
tion pertinent to the clinical management of patients with T2DM
and HF. The document summarizes the epidemiology and cur-
rent understanding of the mechanisms underlying the intersection
between T2DM and HF. It further presents contemporary treat-
ment options for patients with established T2DM and HF, and
summarizes recent evidence of HF prevention with drugs used to
treat T2DM.

Epidemiology
Prevalence of type 2 diabetes mellitus
and heart failure in general populations
The prevalence of T2DM, which encompasses 90–95% of diabetic
individuals, has globally increased from 4.7% in 1980 to 8.5% in
2014,5 albeit diagnostic criteria have changed over that period.6,7

Contemporary data suggest a stable overall HF prevalence of
11.8% (range 4.7–13.3%) in the general population.8

Prevalence of heart failure in patients
with type 2 diabetes mellitus
In the Reykjavik study in the general population, the prevalence of
HF in people with T2DM was 12%.9 In this study, HF was more
common in patients with T2DM aged >70 years (i.e. 16% and 22% ..
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.. Table 1 Prevalence of heart failure in selected trials of

type 2 antidiabetic drugs

Trial Prevalence of HF at baseline
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Glucose-lowering trials
UKPDS 3311 NR (severe concurrent illness excluded)
ADVANCE12,13 NR
ACCORD14 4.3%
VADT15 NR
DPP4 inhibitor trials
SAVOR-TIMI 5316,17 13%
TECOS18 18%
EXAMINE19 28%
SGLT2 inhibitor trials
EMPA-REG OUTCOME20 10%
CANVAS21 14–15%
GLP-1 receptor agonist trials
LEADER22 14%
ELIXA23 22%
EXSCEL24 16%

DPP4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; HF, heart failure;
NR, not reported; SGLT2, sodium–glucose co-transporter type 2.

of men and women, respectively). In the Kaiser Permanente pop-
ulation, patients with T2DM aged <75 years had an approximately
three-fold higher prevalence of HF compared to those without
T2DM.10 In those aged 75–84 years, T2DM was associated with a
doubling of risk for HF. In these relatively old studies, HF pheno-
type (i.e. HFrEF or HFpEF) or biomarker status was not reported.
In clinical trials of T2DM patients, the prevalence of HF at baseline
has varied between approximately 10% and 30% (Table 1).11–24

Prevalence of type 2 diabetes mellitus
in patients with heart failure
In the general population, HF is associated with a higher prevalence
of T2DM compared to patients without HF (Table 2),9,25–29 but

© 2018 The Authors
European Journal of Heart Failure © 2018 European Society of Cardiology
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Table 2 Prevalence of type 2 diabetes mellitus in patients with heart failure in the general population

Study Year of
publication

Age
(years)

Prevalence of
T2DM in HF

Prevalence of
T2DM without HF

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

England25 2001 >45 24% 3%
Rotterdam26 2001 55–94 18% 10%
Italy27 1997 >65 30% 13%
Reykjavik9 2005 33–84 12% 3%
Copenhagen28 2005 Mean 69 25% NA
USA, Olmsted County29 2006 Mean 77 20% NA

HF, heart failure; NA, not available (cohort of HF patients only); T2DM, type 2 diabetes mellitus.

marked regional differences have been observed both in Europe
and in rest of the world. In studies conducted in Iceland9 and Italy,27

T2DM prevalence was four and three times higher, respectively,
whereas in Italy, T2DM prevalence was almost doubled in HF
subjects (Table 2). Approximately 25% of patients with HF in
England25 and Denmark28 also had T2DM. Despite younger age
and less obesity, a significantly higher prevalence of T2DM (57%)
was observed in a population-based cohort of Southeast Asian HF
patients compared to Caucasian patients (24%).30 The reasons for
the wide regional variation in T2DM prevalence in HF patients
warrant further international studies with shared study design and
standardized data collection.

In clinical trials of chronic HF patients, the prevalence of T2DM
was around 30%, irrespective of HF phenotype (i.e. HFrEF and
HFpEF) (Table 3).31–48 The highest prevalence of T2DM was seen
in trials of acute HF (around 40%).

In registries of hospitalized HF patients in North America and
Europe, the prevalence of T2DM is around 40–45%,49–52 and a
slight increase in the prevalence was reported in North America
over time.49,52. In the Swedish HF Registry (68% from hospitals and
32% from primary care), T2DM was more prevalent in HF patients
with CAD compared to those without (30% vs. 19%).53

Incidence of new type 2 diabetes mellitus
in patients with heart failure
In patients with HF, data from observational and clinical trials
demonstrate an increased risk for new-onset T2DM compared to
patients without HF. In a Kaiser Permanente study, the incidence
of T2DM was significantly higher in patients with than without HF
(i.e. 13.6/1000 vs. 9.2/1000) over a 5-year follow-up.10 In a Danish
nationwide cohort study, 8% of HF patients developed T2DM over
3 years, and the severity of HF was associated with a stepwise
increased risk of developing T2DM.54 Similar incidence of T2DM
was reported in clinical trials of HF patients, as demonstrated by
the CHARM program, in which 7.8% of patients developed T2DM
over 2.8 years.55,56 In the EMPHASIS-HF trial including HFrEF
patients, the incidence of T2DM was 3.7% over a median follow-up
of 21 months.57 Notably, HF treatment with angiotensin-converting
enzyme (ACE) inhibitors was shown to lower the incidence of
T2DM in HFrEF patients; in a substudy of the SOLVD trial, 6%
of patients in the enalapril arm developed T2DM over a mean ..
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.. Table 3 Prevalence of type 2 diabetes mellitus in

selected trials of heart failure

Trial Prevalence of T2DM
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Trials of HFrEF
PARADIGM-HF31 35%
SHIFT32 30%
EchoCRT33 41%
HF-ACTION34 32%
SENIORS35 26%
SOLVD36 15%
MERIT-HF37 25%
CHARM-Added38 29%
DIG-REF39 28%
Trials of HFpEF
I-Preserve40 27%
PEP-CHF41 21%
DIG-PEF42 29%
CHARM-Preserved43 28%
TOPCAT44 33%
Trials of acute HF
EVEREST45 39%
TRUE-AHF46 39%
ASCEND-HF47 42.6%
RELAX-AHF-248 47%

HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF,
heart failure with reduced ejection fraction; T2DM, type 2 diabetes mellitus.

follow-up of 2.9 years as opposed to 22% in the placebo arm.58

Registry data corroborate that the use of renin–angiotensin system
inhibitors is associated with attenuated risk for T2DM in HF
patients receiving loop diuretics.54 Clinical trials also demonstrated
that the severity of HF, as indicated by a higher New York Heart
Association (NYHA) class, increases the likelihood of developing
T2DM.27,59

Incidence of heart failure in patients
with type 2 diabetes mellitus
Recently, a population-based study of 1.9 million patients
with T2DM without overt CV disease, followed for 5.5 years,

© 2018 The Authors
European Journal of Heart Failure © 2018 European Society of Cardiology
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Table 2 Prevalence of type 2 diabetes mellitus in patients with heart failure in the general population

Study Year of
publication

Age
(years)

Prevalence of
T2DM in HF

Prevalence of
T2DM without HF

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

England25 2001 >45 24% 3%
Rotterdam26 2001 55–94 18% 10%
Italy27 1997 >65 30% 13%
Reykjavik9 2005 33–84 12% 3%
Copenhagen28 2005 Mean 69 25% NA
USA, Olmsted County29 2006 Mean 77 20% NA

HF, heart failure; NA, not available (cohort of HF patients only); T2DM, type 2 diabetes mellitus.

marked regional differences have been observed both in Europe
and in rest of the world. In studies conducted in Iceland9 and Italy,27

T2DM prevalence was four and three times higher, respectively,
whereas in Italy, T2DM prevalence was almost doubled in HF
subjects (Table 2). Approximately 25% of patients with HF in
England25 and Denmark28 also had T2DM. Despite younger age
and less obesity, a significantly higher prevalence of T2DM (57%)
was observed in a population-based cohort of Southeast Asian HF
patients compared to Caucasian patients (24%).30 The reasons for
the wide regional variation in T2DM prevalence in HF patients
warrant further international studies with shared study design and
standardized data collection.

In clinical trials of chronic HF patients, the prevalence of T2DM
was around 30%, irrespective of HF phenotype (i.e. HFrEF and
HFpEF) (Table 3).31–48 The highest prevalence of T2DM was seen
in trials of acute HF (around 40%).

In registries of hospitalized HF patients in North America and
Europe, the prevalence of T2DM is around 40–45%,49–52 and a
slight increase in the prevalence was reported in North America
over time.49,52. In the Swedish HF Registry (68% from hospitals and
32% from primary care), T2DM was more prevalent in HF patients
with CAD compared to those without (30% vs. 19%).53

Incidence of new type 2 diabetes mellitus
in patients with heart failure
In patients with HF, data from observational and clinical trials
demonstrate an increased risk for new-onset T2DM compared to
patients without HF. In a Kaiser Permanente study, the incidence
of T2DM was significantly higher in patients with than without HF
(i.e. 13.6/1000 vs. 9.2/1000) over a 5-year follow-up.10 In a Danish
nationwide cohort study, 8% of HF patients developed T2DM over
3 years, and the severity of HF was associated with a stepwise
increased risk of developing T2DM.54 Similar incidence of T2DM
was reported in clinical trials of HF patients, as demonstrated by
the CHARM program, in which 7.8% of patients developed T2DM
over 2.8 years.55,56 In the EMPHASIS-HF trial including HFrEF
patients, the incidence of T2DM was 3.7% over a median follow-up
of 21 months.57 Notably, HF treatment with angiotensin-converting
enzyme (ACE) inhibitors was shown to lower the incidence of
T2DM in HFrEF patients; in a substudy of the SOLVD trial, 6%
of patients in the enalapril arm developed T2DM over a mean ..
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.. Table 3 Prevalence of type 2 diabetes mellitus in

selected trials of heart failure

Trial Prevalence of T2DM
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Trials of HFrEF
PARADIGM-HF31 35%
SHIFT32 30%
EchoCRT33 41%
HF-ACTION34 32%
SENIORS35 26%
SOLVD36 15%
MERIT-HF37 25%
CHARM-Added38 29%
DIG-REF39 28%
Trials of HFpEF
I-Preserve40 27%
PEP-CHF41 21%
DIG-PEF42 29%
CHARM-Preserved43 28%
TOPCAT44 33%
Trials of acute HF
EVEREST45 39%
TRUE-AHF46 39%
ASCEND-HF47 42.6%
RELAX-AHF-248 47%

HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF,
heart failure with reduced ejection fraction; T2DM, type 2 diabetes mellitus.

follow-up of 2.9 years as opposed to 22% in the placebo arm.58

Registry data corroborate that the use of renin–angiotensin system
inhibitors is associated with attenuated risk for T2DM in HF
patients receiving loop diuretics.54 Clinical trials also demonstrated
that the severity of HF, as indicated by a higher New York Heart
Association (NYHA) class, increases the likelihood of developing
T2DM.27,59

Incidence of heart failure in patients
with type 2 diabetes mellitus
Recently, a population-based study of 1.9 million patients
with T2DM without overt CV disease, followed for 5.5 years,
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OUTCOME	 UKPDS	 ADVANCE	 ACCORD	 VADT	 RENAAL	 IDNT	 ALTITUDE	

Morte	CV	 -	 5	%	 2	%	 4	%	 11	%	 8	%	 5	%	

IMA	 15	%	 6	%	 5	%	 8	%	 8	%	 7	%	 3	%	

Stroke	 5	%	 4	%	 5	%	 4	%	 6	%	 4	%	 3	%	

HF	 3	%	 4	%	 3	%	 9	%	 13	%	 13	%	 5	%	

Trials randomizzati in pazienti con diabete di tipo 2 nei 
quali lo scompenso cardiaco è riportato come outcome 
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Rapporto	tra	controllo	glicemico	ed	HF	
Osservazione	epidemiologica	

 Stratton	(UKPDS	35)	BMJ	2000;	321:	405–12	
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Rapporto	tra	controllo	glicemico	ed	HF	
nei	Trial	d’intervento		

Diabetologia	2009;	52:	2288–98.	
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Petar M. Seferović1*, Mark C. Petrie2, Gerasimos S. Filippatos3, Stefan D. Anker4,
Giuseppe Rosano5, Johann Bauersachs6, Walter J. Paulus7, Michel Komajda8,
Francesco Cosentino9, Rudolf A. de Boer10, Dimitrios Farmakis2,
Wolfram Doehner11, Ekaterini Lambrinou12, Yuri Lopatin13, Massimo F. Piepoli14,
Michael J. Theodorakis15, Henrik Wiggers16, John Lekakis2, Alexandre Mebazaa17,
Mamas A. Mamas18, Carsten Tschöpe19, Arno W. Hoes20, Jelena P. Seferović21,
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The coexistence of type 2 diabetes mellitus (T2DM) and heart failure (HF), either with reduced (HFrEF) or preserved ejection fraction
(HFpEF), is frequent (30–40% of patients) and associated with a higher risk of HF hospitalization, all-cause and cardiovascular (CV) mortality.
The most important causes of HF in T2DM are coronary artery disease, arterial hypertension and a direct detrimental effect of T2DM on
the myocardium. T2DM is often unrecognized in HF patients, and vice versa, which emphasizes the importance of an active search for both
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Diabete	
mellito	

Scompenso	
cardiaco	

Cardiopatia	ischemica	(CAD)	
Cardiopatia	ipertensiva	
Cardiomiopatia	Diabetica	

Cause	di	scompenso	
nel	diabete	mellito	

Danno	cardiaco	che	insorge	nel	paziente	con	diabete	mellito	
indipendentemente	da	una	coronaropatia,	ipertensione	arteriosa	e	

patologia	valvolare	e	che	evolve	verso	lo	scompenso	cardiaco	
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Cardiomiopatia	diabetica:	concetto	non	nuovo	

1954	Lunbaek		K.	“Diabetic	angiopathy:	a	specific	disease”.	Lancet	1954;	263:377-379:	
osservava	che	la	disfunzione	miocardica	fosse	una	complicanza	correlata	al	diabete	e	
presente	in	2/3	dei	pazienti	anziani	diabetici;	avanzò	l’ipotesi	che	potesse	esservi	una	
cardiomiopatia	correlata	al	diabete	Diabetes	mellitus-related	cardiomyopathy	

1972	Rubler	S.	and	Coll.	“a	new	type	of	cardiomiopathy	associated	with	diabetic	
glomerosclerosis”.	Am	J	Cardiol	1972;	30:595	-	602:	descrisse	4	casi	di	pazienti	diabetici	
complicati	con	nefropatia	e	deceduti	per	scompenso	cardiaco,	nei	quali	le	coronarie	erano	
indenni	da	malattia	aterosclerotica,	non	vi	era	valvulopatia,	anamnesi	negativa	per	abuso	
alcolico;	avanzò	l’ipotesi	di	una	miocardiopatia	microangiopatica	Cardiomiopathy	
dysfunction		
1977	Regan	TJ	and	All.	“Evidence	for	cardiomyopathy	in	familial	diabetes	mellitus”.	J	
Clin	Invest.	1977;	60:	884-99	

2012	L.	Ernade,	G.	Deremeaux:	Diabetic	cardiomyopathy:	myth	or	reality	
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MECCANISMI	NOTI	CHE	PROMUOVONO	IL	
DANNO	MIOCARDICO	

•  Glicazione	
•  Disfunzione	endoteliale	
•  Alterazione	del	sistema	nervoso	autonomo	
•  Attivazione	del	sistema	renina-angiotensina	
•  Stress	ossidativo	
•  Disfunzione	mitocondriale	
•  Infiammazione	e	cascata	infiammatoria	
•  Insulino-resistenza		
•  Glucotossicità	
•  Lipotossicità	
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CARDIOMIOPATIA	DIABETICA	

DUE	ATTORI	PRINCIPALI:	
	
GRASSO:	epicardico,	extrapericardico,	
intramiocardico	
	
MUSCOLO	CARDIACO	
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Rubrica Opinioni a Confronto a cura di Anna Solini1, Agostino Consoli2

1Dipartimento di Medicina Clinica e Sperimentale, Università degli Studi di
Pisa; 2Dipartimento di Medicina e Scienze dell’Invecchiamento, Università
degli Studi di Chieti-Pescara “G. D’Annunzio” 

In questo numero de il Diabete la sezione “Opinioni a Confronto” ospita un
contributo concepito in modo non convenzionale. Il tema, la
cardiomiopatia diabetica, richiama una tavola rotonda tenutasi nel corso
del 50° Congresso Nazionale SID nel 2014. Amalia Gastaldelli ed Anna
Leonardini, insieme a due loro giovani collaboratrici, sulla base delle loro
competenze specifiche e della grande esperienza nell’ambito della
fisiopatologia del metabolismo glicolipidico (la prima) e della biologia
molecolare del miocardiocita (la seconda) discutono in modo integrato il
ruolo della glucotossicità e della lipotossicità nella patogenesi di questa
gravissima complicanza della malattia diabetica, analizzando in dettaglio
i meccanismi cellulari e molecolari di danno. Di particolare interesse e
rilievo appare anche la presentazione degli e!etti sulla performance
cardiaca di terapie già clinicamente disponibili (diete diverse, farmaci
ipoglicemizzanti, chirurgia bariatrica) e di strategie innovative, tra cui
spicca la terapia rigenerativa.

Il prodotto finale è, a nostro avviso, una snella ma completa overview su un
argomento complesso e dibattuto, che ci auguriamo sia in grado di
suscitare interesse e curiosità nei lettori, fornendo numerosi spunti per
eventuali approfondimenti.

La cardiomiopatia diabetica

DISCUSSANT

Amalia Gastaldelli1 e Melania Gaggini1, Anna Leonardini2 e Rossella
D’Oria2

1Laboratorio per il Rischio Cardiometabolico, Istituto di Fisiologia Clinica
Consiglio Nazionale delle Ricerche, Pisa; 2Dipartimento dell’Emergenza e
dei Trapianti di Organi, Sezione di Medicina Interna, Endocrinologia,
Andrologia e Malattie Metaboliche, Università degli Studi di Bari “Aldo
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In	condizioni	di	normalità	
60	–	90%	di	ATP	proviene	
da	FFA	e	10	–	40%	dal	
glucosio		
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Alterazione dei 
processi omeostatici 
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staminali	

Ipertrofia	dei	cardiomiociti	
Fibrosi	miocardica	
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volume fraction is high with collagen laid down not only in-between
cardiomyocytes but also over larger areas indicative of replacement
fibrosis following cardiomyocyte cell death (Figure 1 ). In both pheno-
types, there is coronary microvascular rarefaction and coronary
microvascular deposition of AGEs19 (Figure 2 ).

Numerous mechanisms have been identified that contribute
tomyocardial remodellinganddysfunction inDMCMP.Thesemechan-
isms include hyperglycaemia, lipotoxicity, microvascular AGEs depos-
ition, microvascular rarefaction, autoimmunity, and insulin resistance/
hyperinsulinaemia. They appear to be of variable relevance for the
two DMCMP phenotypes: hyperglycaemia, lipotoxicity, and insulin re-
sistance are more important for DMCMP with restrictive/HFPEF
phenotype, autoimmunity is especially relevant for DMCMP with
dilated/HFREF phenotype and AGEs deposition and microvascular
rarefaction seem to contribute to both phenotypes (Figures 3 and 4 ).

Hyperglycaemia
Exposure of endothelial cells to hyperglycaemia induces mitochon-
drial fission and mitochondrial generation of superoxide.31 – 34

Increased mitochondrial superoxide production is associated with
impaired activation of endothelial nitric oxide (NO) synthase and

reduced cGMP production.33 This lowers protein kinase G (PKG) ac-
tivity in adjacent cardiomyocytes35 and reduces cardiomyocyte dis-
tensibility because of hypophosphorylation of the giant cytoskeletal
protein titin that functions as a bidirectional spring controlling
early diastolic recoil and late diastolic myocardial distensibility.36,37

A reduced cardiomyocyte distensibility can contribute to the high
LV diastolic stiffness observed in DMCMP with restrictive/HFPEF
phenotype. Proof of concept for the relevance of this mechanism
was provided by in vitro experiments, in which PKG administration
to cardiomyocytes isolated from DMCMP patients with restrictive/
HFPEF phenotype corrected the high cardiomyocyte resting
tension.19 Similar results were also obtained in cardiomyocytes iso-
lated from patients suffering from both aortic stenosis and DM.38

Apart from altering paracrine endothelial signalling, hyperglycaemia
can also directly affect the cardiomyocytes. Contractile dysfunction
of right atrial myocardial strips of DM patients was associated with
mitochondrial network fragmentation and oxidative stress.39 The clin-
ical relevance of this contractile dysfunction is however uncertain as all
patients had normal LVEF at the time of perioperative procurement of
the right atrial strip. Finally, hyperglycaemia raises PKC activity in fibro-
blasts, which augments collagen production and deposition.19,38,40

Figure1 Myocardial structure in restrictive/ heart failurewith preserved ejection fraction (HFPEF) and dilated/ heart failurewith reduced ejection
fraction (HFREF) phenotypes. In the restrictive/ heart failure with preserved ejection fraction phenotype cardiomyocytes are hypertrophied, col-
lagen is laid down in-between cardiomyocytes (reactive fibrosis) (left-hand panel) and sarcomeric structure is preserved (right hand panel).
In the dilated/ heart failure with reduced ejection fraction phenotype, cardiomyocytes are small and damaged, collagen is laid down over
larger areas (replacement fibrosis) (left-hand panel) and sarcomeres have disappeared (right hand panel). Reproduced with permission from
Van Heerebeek et al.19,30
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Diabetes mellitus-related cardiomyopathy (DMCMP) was originally described as a dilated phenotype with eccentric left ventricular (LV) remod-
elling and systolic LV dysfunction. Recently however, clinical studies on DMCMP mainly describe a restrictive phenotype with concentric LV re-
modelling and diastolic LV dysfunction. Both phenotypes are not successive stages of DMCMP but evolve independently to respectively heart
failure with preserved left ventricular ejection fraction (HFPEF) or reduced left ventricular ejection fraction (HFREF). Phenotype-specific patho-
physiological mechanisms were recently proposed for LV remodelling and dysfunction in HFPEF and HFREF consisting of coronary microvascular
endothelial dysfunction in HFPEF and cardiomyocyte cell death in HFREF. A similar preferential involvement of endothelial or cardiomyocyte cell
compartments explains DMCMP development into distinct restrictive/HFPEF or dilated/HFREF phenotypes. Diabetes mellitus (DM)-related
metabolic derangements such as hyperglycaemia, lipotoxicity, and hyperinsulinaemia favour development of DMCMP with restrictive/HFPEF
phenotype, which is more prevalent in obese type 2 DM patients. In contrast, autoimmunity predisposes to a dilated/HFREF phenotype,
which manifests itself more in autoimmune-prone type 1 DM patients. Finally, coronary microvascular rarefaction and advanced glycation
end-products deposition are relevant to both phenotypes. Diagnosis of DMCMP requires impaired glucose metabolism and exclusion of coron-
ary, valvular, hypertensive, or congenital heart disease and of viral, toxic, familial, or infiltrative cardiomyopathy. In addition, diagnosis of DMCMP
with restrictive/HFPEF phenotype requires normal systolic LV function and diastolic LV dysfunction, whereas diagnosis of DMCMP with dilated/
HFREF phenotype requires systolic LV dysfunction. Treatment of DMCMP with restrictive/HFPEF phenotype is limited to diuretics and lifestyle
modification, whereas DMCMP with dilated/HFREF phenotype is treated in accordance to HF guidelines.
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Introduction

Clinical presentation of two phenotypes
The concept of diabetes mellitus (DM) directly causing myocardial
dysfunction dates back from 1954, when Lundbæk observed myo-
cardial dysfunction to be a common DM-related complication
present in two-thirds of elderly DM patients.1 He subsequently
became the first to suggest the diagnosis of a specific Diabetes
mellitus-related cardiomyopathy (DMCMP).2 Almost 20 years
later, Rubler et al. provided further evidence that cardiomyopathic
dysfunction could indeed directly result from DM and not merely
indirectly from concomitant coronary artery disease.3 This land-
mark study reported on post-mortem findings of four patients
with diabetes related nephropathy and heart failure (HF) unrelated
to valvular, congenital or hypertensive heart disease, alcoholism or

significant epicardial coronary artery atherosclerosis. The study
proposed that they suffered from a novel DMCMP caused by myo-
cardial microangiopathy or disturbed myocardial metabolism. The
use of the term cardiomyopathy to indicate this condition corre-
sponds to the currently used definition of cardiomyopathy:4

‘A cardiomyopathy is defined as a heart muscle disease in which
the myocardium is structurally and functionally abnormal in the
absence of coronary artery disease as well as hypertensive, valvular,
or congenital heart disorders’. In the patients described by Rubler
et al., DM had lasted for 5–20 years and the patients presented
clinically with cardiomegaly, pulmonary congestion, and gallop
sounds. On pathological examination, there was myocardial hy-
pertrophy, fibrosis, and microvascular wall thickening because of
accumulation of acid mucopolysaccharides. Based on presentation
and pathological findings, the clinical phenotype of this DMCMP
corresponded with a dilated cardiomyopathy similar to dilated
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The Prognostic Significance of
Diabetes and Microvascular
Complications in Patients With
Heart Failure With Preserved
Ejection Fraction
Diabetes Care 2018;41:150–155 | https://doi.org/10.2337/dc17-0755

OBJECTIVE

This study examined the prognostic significance of diabetes and microvascular com-
plications in patients with heart failure with preserved ejection fraction (HFpEF).

RESEARCH DESIGN AND METHODS

This analysis included 3,385 patients (mean age 696 9.6 years; 49%male; 89%white)
with HFpEF from the Treatment of Preserved Cardiac Function Heart FailureWith an
Aldosterone Antagonist Trial (TOPCAT). Diabetes and microvascular complications
were ascertained by self-reported history and medical record review. Microvascular
complications included neuropathy, nephropathy, and retinopathy. Outcomes in-
cluded hospitalization, hospitalization for heart failure, death, and cardiovascular
death. Cox regressionwas used to examine the risk of each outcome associatedwith
diabetes and microvascular complications.

RESULTS

Of the 1,109 subjects (32%) with diabetes, 352 (32%) had at least one microvascular
complication. Patients with diabetes and microvascular complications had an in-
creased risk for hospitalization (no diabetes: referent; diabetes + no microvascular
complication: hazard ratio [HR] 1.18, 95% CI 1.01, 1.37; diabetes + microvascular
complications: HR 1.54, 95% CI 1.25, 1.89; P-trend <0.001), hospitalization for heart
failure (no diabetes: referent; diabetes + no microvascular complication: HR 1.51,
95%CI 1.14, 1.99; diabetes +microvascular complications: HR 1.97, 95% CI 1.38, 2.80;
P-trend <0.001), death (no diabetes: referent; diabetes + no microvascular compli-
cation: HR 1.35, 95% CI 1.04, 1.75; diabetes + microvascular complications: HR 1.73,
95% CI 1.22, 2.45; P-trend = 0.0017), and cardiovascular death (no diabetes: referent;
diabetes + no microvascular complication: HR 1.34, 95% CI 0.96, 1.86; diabetes +
microvascular complications: HR 1.70, 95% CI 1.09, 2.65; P-trend = 0.018). When the
analysis was limited to participants who reported prior hospitalization for heart
failure (n = 2,449), a higher risk of rehospitalization for heart failure was observed
across diabetes categories (no diabetes: referent; diabetes + no microvascular com-
plication:HR 1.40, 95%CI 1.01, 1.96; diabetes +microvascular complications: HR 1.78,
95% CI 1.18, 2.70; P-trend = 0.0036).

CONCLUSIONS

Diabetes is associated with adverse cardiovascular outcomes in HFpEF, and the in-
herent risk of adverse outcomes in HFpEF patients with diabetes varies by the pres-
ence of microvascular complications.
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prognosis and utilization of health care re-
sources and that the inherent risk of ad-
verse outcomes in HFpEF patients with
diabetes varies by the presence of micro-
vascular complications.
Several secondary analyses of clinical

trial data have demonstrated that the
presence of diabetes is associated with
adverse outcomes in HFpEF. In a post
hoc analysis from the Candesartan in
Heart failure: Assessment of Reduction
in Mortality and morbidity (CHARM)
study, diabetes was associated with a
twofold increased risk of cardiovascular
death or heart failure hospitalization
(10). Similarly, in the Irbesartan in Heart

Failure with Preserved Ejection Fraction
Trial (I-PRESERVE) study, patients with
diabetes had a 1.75-fold increased risk
of cardiovascular death or heart failure
hospitalization (5). The findings in this
analysis demonstrated that the risk of ad-
verse events increased linearly with the
number of microvascular complications.
These data enhance our understanding
of the adverse risk profile among individ-
uals with diabetes who have HFpEF, as
we have shown that microvascular com-
plications have important prognostic in-
formation in this group. Furthermore, we
have demonstrated that microvascular
complications represent an important

marker for heart failure rehospitalization,
a finding that has not been previously
reported.

The mechanisms that link diabetes and
the presence of microvascular complica-
tions with adverse events in patients with
HFpEF are unknown. Microvascular dis-
ease results from significant hyperglyce-
mia in tissues where glucose uptake
occurs independently of insulin. Subse-
quently, tissue damage occurs as a result
of glucose-mediated damage, oxida-
tive stress, and advanced glycation end
products (11). Hyperglycemia also leads
to the development of atherosclero-
sis through endothelial dysfunction and

Figure 1—Unadjusted cumulative incidence curves are shown for hospitalization (A) (log-rank P, 0.001) and hospitalization for heart failure (B) (log-rank
P, 0.001).

Figure 2—Unadjusted cumulative incidence curves are shown for death (A) (log-rank P, 0.001) and cardiovascular death (B) (log-rank P, 0.001).
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presence of diabetes is associated with
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hoc analysis from the Candesartan in
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twofold increased risk of cardiovascular
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(10). Similarly, in the Irbesartan in Heart
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Trial (I-PRESERVE) study, patients with
diabetes had a 1.75-fold increased risk
of cardiovascular death or heart failure
hospitalization (5). The findings in this
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verse events increased linearly with the
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These data enhance our understanding
of the adverse risk profile among individ-
uals with diabetes who have HFpEF, as
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plications have important prognostic in-
formation in this group. Furthermore, we
have demonstrated that microvascular
complications represent an important

marker for heart failure rehospitalization,
a finding that has not been previously
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tions with adverse events in patients with
HFpEF are unknown. Microvascular dis-
ease results from significant hyperglyce-
mia in tissues where glucose uptake
occurs independently of insulin. Subse-
quently, tissue damage occurs as a result
of glucose-mediated damage, oxida-
tive stress, and advanced glycation end
products (11). Hyperglycemia also leads
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Figure 1—Unadjusted cumulative incidence curves are shown for hospitalization (A) (log-rank P, 0.001) and hospitalization for heart failure (B) (log-rank
P, 0.001).

Figure 2—Unadjusted cumulative incidence curves are shown for death (A) (log-rank P, 0.001) and cardiovascular death (B) (log-rank P, 0.001).
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Characteristic	 BNP	

	
NT-proBNP	

Components	 BNP	molecule	 NT	fragment	(1–76)	

Molecular	Weight	 4	kilodaltons	 8.5	kilodaltons	

Genesis	 Cleavage	from	proBNP	 Cleavage	from	proBNP	

Half-life	 20	minutes	 120	minutes	

Clearance	Mechanism	 Neutral	endopeptidase	
Clearance	receptors	

Renal	clearance	

Increases	with	Normal	Aging	 +	 ++++	

Correlation	GFR	 –0.20	 –0.60	

Negative	correlation	BMI	 +++	 ++	

Approved	cutoff(s)	for	CHF	
Diagnosis	

100	pg/mL	 Age	<	75:		125	pg/mL	
Age	>	75:		450	pg/mL	

	
Modif	da	McCullough	PA,	Rev	Cardiovasc	Med.	2003.	
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Ruolo	dell’ecocardiogramma	

Senni	M.	et	al.	J	Am	Coll	Cardiol.	1999;33:164-70.	

• 	Dimensioni	ventricolo	sinistro	

• 	Funzione	sisto-diastolica	
• 	Massa	ventricolo	sinistro	

• 	Dimensioni	atriali	

• 	Dimensione	e	funzione			del	ventricolo	destro	

• 	Funzione	valvolare	
• 	Patologia	pericardica	
• 	Pressione	polmonare	

• 	Trombi	

• 	Vitalità	
• 	Difetti	settali	
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TERAPIA	

Dell’Endocrinologo	

•  Insulina	Glargine	10	U	serale	
(secondo	schema	treat	to	
target)	

•  Metformina	1000	mg		a	
colazione	+	1000	mg	a	cena	

Del	Cardiologo	

•  Ramipril	5	mg,	½	cp	x	2	al	dì	
•  Lasix	1	cp	al	dì	
•  Bisoprololo	1.25	mg,	1	cp	x	2	al	dì	
•  Cardioaspirin	100	mg,	1	cp	al	dì	

•  Atorvastatina	20	mg,	1	cp	al	dì	

Siete	d’accordo	con	la	terapia	del	cardiologo	?		
Siete	d’accordo	con	la	terapia	dell’endocrinologo	?	
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Heart failure (HF) is a serious and common comorbidity 
in patients with type 2 diabetes mellitus. It is the fastest 

growing of all the cardiovascular diagnoses, and patients with 
diabetes mellitus are at high risk, with incidence rates 2 to 5 
times greater than those in the general population.1,2 Morbidity 
and mortality rates remain particularly high (20%–30% within 
1 year) and are substantially higher in patients with diabetes 
mellitus and HF compared with either condition alone.3,4

Clinical Perspective on p 402 
There is increasing attention to the potential role of hyper-

glycemia, and its management, in HF. Although the risk of HF 
substantially increases with elevations in A1c,2,5 the impact of 
hyperglycemia in those with diabetes mellitus and established 
HF is less clear.6 There is still a large degree of uncertainty in 

the best management approach for glycemic control in those 
with comorbid diabetes mellitus and HF.7 This is likely due to 
the fact that patients with HF have been generally excluded 
from the trials of glucose lowering therapies; thus, reliance on 
clinical experience and observational evidence is required to 
judge the safety and effectiveness of antihyperglycemia drugs 
in patients with concomitant HF.8

Historically, metformin had been considered absolutely 
contraindicated in patients with HF attributable to concerns 
about lactic acidosis.9 However, both the US Food and Drug 
Administration (2006) and Health Canada (2010) have removed 
the absolute HF contraindication from metformin (although 
strong warnings persist)9,10 in response to observational 
studies and clinical experience, suggesting that the risk of 
metformin-associated lactic acidosis is minimal and similar to 
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Eurich et al  Metformin in Diabetes Mellitus and Heart Failure

Circ Heart FailMay 2013

Background—There is an ongoing controversy regarding the safety and effectiveness of metformin in the setting of heart 
failure (HF). Therefore, we undertook a systematic review of the trial and nontrial evidence for metformin in patients 
with diabetes mellitus and HF.

Methods and Results—We conducted a comprehensive search for controlled studies, evaluating the association between 
metformin and morbidity and mortality in people with diabetes mellitus and HF. Two reviewers independently identified 
citations, extracted data, and evaluated quality. Risk estimates were abstracted and pooled where appropriate. As measures 
of overall safety, we examined all-cause mortality and all-cause hospitalizations. Nine cohort studies were included; no 
randomized controlled trials were identified. Most (5 of 9) studies were published in 2010 and were of good quality. 
Metformin was associated with reduced mortality compared with controls (mostly sulfonylurea therapy): 23% versus 
37% (pooled adjusted risk estimates: 0.80; 0.74–0.87; I2=15%; P<0.001). No increased risk was observed for metformin 
in those with reduced left ventricular ejection fraction (mortality pooled adjusted risk estimate: 0.91; 0.72–1.14; I2=0%; 
P=0.34), nor in those with HF and chronic kidney disease (pooled adjusted risk estimate: 0.81; 0.64–1.02; P=0.08). 
Metformin was associated with a small reduction in all-cause hospitalizations (pooled adjusted risk estimate: 0.93; 0.89–
0.98; I2=0%; P=0.01). Metformin was not associated with increased risk of lactic acidosis.

Conclusions—The totality of evidence indicates that metformin is at least as safe as other glucose-lowering treatments in 
patients with diabetes mellitus and HF and even in those with reduced left ventricular ejection fraction or concomitant 
chronic kidney disease. Until trial data become available, metformin should be considered the treatment of choice for 
patients with diabetes mellitus and HF. (Circ Heart Fail. 2013;6:395-402.)
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METFORMINA	VS	CONTROLLI	

RR	

Mortalità	 0.80	(0.74	–	0.87)	

HFrEF	 0.91	(0.72	–	1.14)	

HF	+	CKD	 0.81	(0.64	–	1.02)	

Ospedalizzazione	 0.93	(0.89	–	0.98)	

nessun	rischio	di	acidosi	lattica	

Recommendations for the treatment of other
co-morbidities in patients with heart failure

Recommendations Class a Level b Ref c

Intravenous FCM should be 
considered in symptomatic patients 

(serum ferritin <100 µg/L, or 
ferritin between 100–299 µg/L and 
transferrin saturation <20%) in 
order to alleviate HF symptoms, 
and improve exercise capacity and 
quality of life.

IIa A 469, 470

Diabetes

Metformin should be considered as 

control in patients with diabetes 
and HF, unless contra-indicated.

IIa C 440 ,441

FCM ¼ ferric carboxymaltose; HF ¼ heart failure; HFrEF ¼ heart failure with
reduced ejection fraction.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
Treatments not recommended for other co-morbidities in patients with heart failure

Treatments not recommended of other co-morbidities
in patients with heart failure

Recommendations Class a Level b Ref c

Sleep apnoea

Adaptive servo-ventilation is 
not recommended in patients 
with HFrEF and a predominant 
central sleep apnoea because 
of an increased all-cause and 
cardiovascular mortality.

III B 473

Diabetes

Thiazolidinediones (glitazones) are 
not recommended in patients with 
HF, as they increase the risk of HF 
worsening and HF hospitalization.

III A 209, 210

Arthritis

NSAIDs or COX-2 inhibitors are 
not recommended in patients with 
HF, as they increase the risk of HF 
worsening and HF hospitalization.

III B 211–213

COX-2 ¼ cyclooxygenase 2; HF ¼ heart failure; HFrEF ¼ heart failure with
reduced ejection fraction; NSAID ¼ non-steroidal anti-inflammatory drug.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Anaemia (defined as a haemoglobin concentration ,13.0 g/dL in
men and ,12.0 g/dL in women) is common in HF, particularly in
hospitalized patients. It is more common in women, the elderly
and in patients with renal impairment and is associated with ad-
vanced myocardial remodelling, inflammation and volume over-
load.474 Anaemia is associated with advanced symptoms, worse

functional status, greater risk of HF hospitalization and reduced sur-
vival. A diagnostic workup to seek a cause for any finding of anaemia
is indicated (e.g. occult blood loss, iron deficiency, B12/folate defi-
ciency, blood dyscrasias), although in many patients no specific
cause is found. The erythropoietin-stimulating agent darbepoetin
alfa did not improve clinical outcomes in HFrEF patients with mild
to moderate anaemia, but led to an excess of thromboembolic
events and is therefore not recommended.475

11.13 Kidney dysfunction (including
chronic kidney disease, acute kidney
injury, cardio-renal syndrome and
prostatic obstruction)
HF and CKD frequently coexist, share many risk factors (diabetes,
hypertension, hyperlipidaemia) and interact to worsen progno-
sis.476,477 CKD is generally defined as an eGFR ,60 mL/min/
1.73 m2 and/or the presence of albuminuria (high 30 –300 or
very high .300 mg albumin/1 g of urine creatinine). Patients
with severe renal dysfunction (eGFR ,30 mL/min/1.73m2) have
systematically been excluded from randomized clinical trials and
therefore there is lack of evidence-based therapies in these
patients.

A further deterioration in renal function, termed worsening renal
function (WRF), is used to indicate an increase in serum creatinine,
usually by .26.5 mmol/L (0.3 mg/dL) and/or a 25% increase or a
20% drop in GFR. The importance of these apparently small changes
is that they are frequent, they promote the development and pro-
gression of CKD478 and, as a consequence, can worsen the progno-
sis of HF. Increases in creatinine during an AHF hospitalization are
not always clinically relevant, especially when they are accompanied
by appropriate decongestion, diuresis and haemoconcentration.479

Large increases in serum creatinine, termed acute kidney injury
(AKI), are relatively rare in HF and are probably associated with
the combination of diuretic therapy with other potentially nephro-
toxic drugs such as some antibiotics (gentamicin and trimethoprim),
contrast media, ACEIs, ARBs, NSAIDs, etc. Of relevance, some of
these drugs may accumulate if they are renally excreted. In HF,
WRF is relatively common, especially during initiation and up-
titration of RAAS inhibitor therapy. Despite the fact that RAAS
blockers can frequently cause a decrease in GFR in patients with
HF, this reduction is usually small and should not lead to treatment
discontinuation unless there is a marked decrease, as the treatment
benefit in these patients is probably largely maintained.480 When
large increases in serum creatinine occur, care should be taken to
evaluate the patient thoroughly and should include assessment of
a possible renal artery stenosis, excessive hyper- or hypovolaemia,
concomitant medication and hyperkalaemia, which frequently
coincides with WRF.

Diuretics, especially thiazides, but also loop diuretics, may be less ef-
fective in patients with a very low GFR, and if used, should be dosed ap-
propriately (higher doses to achieve similar effects). Renally excreted
drugs (e.g. digoxin, insulin and low molecular weight heparin) may accu-
mulate in patients with renal impairment and may need dose adjustment
if renal function deteriorates. Patients with HF and coronary or periph-
eral vascular disease are at risk of acute renal dysfunction when they
undergo contrast media enhanced angiography [contrast-induced acute
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Effects of acarbose on cardiovascular and diabetes outcomes 
in patients with coronary heart disease and impaired glucose 
tolerance (ACE): a randomised, double-blind, 
placebo-controlled trial
Rury R Holman, Ruth L Coleman, Juliana C N Chan, Jean-Louis Chiasson, Huimei Feng, Junbo Ge, Hertzel C Gerstein, Richard Gray, Yong Huo, 
Zhihui Lang, John J McMurray, Lars Rydén, Stefan Schröder, Yihong Sun, Michael J Theodorakis, Michal Tendera, Lynne Tucker, Jaakko Tuomilehto, 
Yidong Wei, Wenying Yang, Duolao Wang, Dayi Hu*, Changyu Pan*, for the ACE Study Group†

Summary
Background The effect of the α-glucosidase inhibitor acarbose on cardiovascular outcomes in patients with coronary 
heart disease and impaired glucose tolerance is unknown. We aimed to assess whether acarbose could reduce the 
frequency of cardiovascular events in Chinese patients with established coronary heart disease and impaired glucose 
tolerance, and whether the incidence of type 2 diabetes could be reduced. 

Methods The Acarbose Cardiovascular Evaluation (ACE) trial was a randomised, double-blind, placebo-controlled, phase 4 
trial, with patients recruited from 176 hospital outpatient clinics in China. Chinese patients with coronary heart disease 
and impaired glucose tolerance were randomly assigned (1:1), in blocks by site, by a centralised computer system to 
receive oral acarbose (50 mg three times a day) or matched placebo, which was added to standardised cardiovascular 
secondary prevention therapy. All study staff and patients were masked to treatment group allocation. The primary 
outcome was a five-point composite of cardiovascular death, non-fatal myocardial infarction, non-fatal stroke, hospital 
admission for unstable angina, and hospital admission for heart failure, analysed in the intention-to-treat population (all 
participants randomly assigned to treatment who provided written informed consent). The secondary outcomes were a 
three-point composite outcome (cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke), death from 
any cause, cardiovascular death, fatal or non-fatal myocardial infarction, fatal or non-fatal stroke, hospital admission for 
unstable angina, hospital admission for heart failure, development of diabetes, and development of impaired renal 
function. The safety population comprised all patients who received at least one dose of study medication. This trial is 
registered with ClinicalTrials.gov, number NCT00829660, and the International Standard Randomised Controlled Trial 
Number registry, number ISRCTN91899513.

Findings Between March 20, 2009, and Oct 23, 2015, 6522 patients were randomly assigned and included in the intention-
to-treat population, 3272 assigned to acarbose and 3250 to placebo. Patients were followed up for a median of 5·0 years 
(IQR 3·4–6·0) in both groups. The primary five-point composite outcome occurred in 470 (14%; 3·33 per 100 person-years) 
of 3272 acarbose group participants and in 479 (15%; 3·41 per 100 person-years) of 3250 placebo group participants (hazard 
ratio 0·98; 95% CI 0·86–1·11, p=0·73). No significant differences were seen between treatment groups for the secondary 
three-point composite outcome, death from any cause, cardiovascular death, fatal or non-fatal myocardial infarction, fatal or 
non-fatal stroke, hospital admission for unstable angina, hospital admission for heart failure, or impaired renal function. 
Diabetes developed less frequently in the acarbose group (436 [13%] of 3272; 3·17 per 100 person-years) compared with the 
placebo group (513 [16%] of 3250; 3·84 per 100 person-years; rate ratio 0·82, 95% CI 0·71–0·94, p=0·005). Gastrointestinal 
disorders were the most common adverse event associated with drug discontinuation or dose changes (215 [7%] of 
3263 patients in the acarbose group vs 150 [5%] of 3241 in the placebo group [p=0·0007]; safety population). Numbers of 
non-cardiovascular deaths (71 [2%] of 3272 vs 56 [2%] of 3250, p=0·19) and cancer deaths (ten [<1%] of 3272 vs 12 [<1%] 
of 3250, p=0·08) did not differ between groups.

Interpretation In Chinese patients with coronary heart disease and impaired glucose tolerance, acarbose did not 
reduce the risk of major adverse cardiovascular events, but did reduce the incidence of diabetes.
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Introduction
People with coronary heart disease and impaired glucose 
tolerance are at increased risk of future cardiovascular 
events1–3 and development of type 2 diabetes.4 In 2006, 
the prevalence of impaired glucose regulation in Chinese 

adults who were admitted to hospital for coronary artery 
disease was reported to be 37·3%.5

The results of the STOP-NIDDM trial showed that 
acarbose, an α-glucosidase inhibitor, reduced the incidence 
of type 2 diabetes by 25% in people with impaired glucose 
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Discussion
In Chinese patients with coronary heart disease and 
impaired glucose tolerance, acarbose did not reduce the 
primary composite outcome of cardiovascular death, 
non-fatal myocardial infarction, non-fatal stroke, 
hospital admission for unstable angina, or hospital 
admission for heart failure compared with placebo. No 
significant effect was seen with acarbose on the risk of 
all-cause death, three-point MACE, or its individual 
components. However, acarbose reduced the risk of 
incidental diabetes by 18% compared with placebo, with 
a number-needed-to-treat to prevent one case of diabetes 
developing over 5 years of 41. There is no reason to 
suggest that these findings cannot be extrapolated to 
similar non-Chinese populations.

Acarbose was reported to reduce cardiovascular events 
in a secondary analysis of the STOP-NIDDM trial,7 but 
with only 47 participants having at least one outcome 
event, this could have been a chance finding.18 However, 
the absence of benefit on cardiovascular events in the 
ACE trial compared with STOP-NIDDM might reflect 
the lower dose of acarbose used (50 mg vs 100 mg 
three times per day), the younger population (median 
54·5 years vs 64·3 years), the difference in ethnic group, 
or the more aggressive secondary cardiovascular 
prevention measures being recommended when the 
ACE trial took place compared with the 1990s.

Few large-scale studies have examined the effect of 
antihyperglycaemic drugs targeting postprandial glucose 
excursions, with none showing cardiovascular benefit. In 
the UK Prospective Diabetes Study, 1946 people with type 2 
diabetes were randomly assigned to acarbose 100 mg 
three times per day or matched placebo for 3 years.19 
Participants allocated to acarbose had a lower mean HbA1c, 

but no difference in the primary outcome (any diabetes-
related aggregate endpoint; HR 1·00, 95% CI 0·81–1·23) 
or microvascular disease (HR 0·91, 95% CI 0·61–1·35). 
The ABC study assessing whether the α-glucosidase 
inhibitor voglibose could reduce the recurrence of 
myocardial infarction in patients with a previous 
myocardial infarction and impaired glucose tolerance was 
terminated early because an interim analysis of the first 
870 participants suggested a low probability of a positive 
outcome.20 Nateglinide, a rapid-acting insulin secretagogue 
that reduces postprandial hyperglycaemia by increasing 
circulating insulin concentrations, was assessed in the 
NAVIGATOR trial.21 In 9309 patients at high risk for 
cardiovascular disease and with impaired glucose tolerance 
followed up for a median of 5·0 years, nateglinide 120 mg 
once per day showed no effect on the risk of cardiovascular 
events and suggested an increased risk for new-onset 
diabetes by 7% (HR 1·07, 95% CI, 1·00–1·15, p=0·05).

Although no direct effect of acarbose was seen on 
cardiovascular outcomes in the ACE trial, a possible 
indirect effect should not be dismissed. Development of 
diabetes doubles the risk for major adverse cardiovascular 
events22 and it might be that acarbose reduces 
cardiovascular risk in the longer term by delaying or 
preventing diabetes in people with coronary heart disease. 
A similar link was reported during the long-term passive 
follow-up of participants in the Da Qing diabetes 
prevention trial in which individuals allocated to lifestyle 
modification who developed diabetes at a slower rate had 
a lower 23-year mortality than those allocated to the 
control group.23

The significantly reduced risk of incidental diabetes 
of 18% with acarbose compared with placebo seen in the 
ACE trial population (who were at high cardiovascular 

Acarbose group (n=3272) Placebo group (n=3250) Hazard ratio (95% CI) p value

n (%) Number per 
100 person-years

n (%) Number per 
100 person-years

Primary outcome

Five-point MACE* 470 (14·4%) 3·33 479 (14·7%) 3·41 0·98 (0·86–1·11) 0·73

Secondary outcomes

Three-point MACE† 285 (8·7%) 1·93 299 (9·2%) 2·04 0·95 (0·81–1·11) 0·51

Death from any cause 216 (6·6%) 1·42 219 (6·7%) 1·45 0·98 (0·81–1·19) 0·85

Cardiovascular death 145 (4·4%) 0·96 163 (5·0%) 1·03 0·89 (0·71–1·11) 0·29

Fatal or non-fatal myocardial infarction 122 (3·7%) 0·82 108 (3·3%) 0·73 1·12 (0·87–1·46) 0·38

Fatal or non-fatal stroke 75 (2·3%) 0·50 77 (2·4%) 0·52 0·97 (0·70–1·33) 0·83

Hospital admission for unstable angina 174 (5·3%) 1·19 170 (5·2%) 1·17 1·02 (0·82–1·26) 0·87

Hospital admission for heart failure 65 (2·0%) 0·43 73 (2·2%) 0·49 0·89 (0·63–1·24) 0·48

Developed diabetes 436 (13·3%) 3·17 513 (15·8%) 3·84 0·82 (0·71–0·94)‡ 0·005

Developed impaired kidney function§ 41 (1·3%) 0·33 50 (1·5%) 0·41 0·81 (0·54–1·23)‡ 0·33

Data are from the intention-to-treat population. MACE=major cardiovascular adverse event. eGFR=estimated glomerular filtration rate. *Five-point MACE consists of 
cardiovascular death, non-fatal myocardial infarction, non-fatal stroke, hospital admission for unstable angina, or hospital admission for heart failure. †Three-point MACE 
consists of cardiovascular death, non-fatal myocardial infarction, or non-fatal stroke. ‡Rate ratios are reported. §Impaired kidney function was defined as eGFR <30 mL/min 
per 1·73 m², doubling of baseline serum creatinine level, or halving of baseline eGFR.

Table 2: Primary and secondary outcomes
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Summary
Background The effect of the α-glucosidase inhibitor acarbose on cardiovascular outcomes in patients with coronary 
heart disease and impaired glucose tolerance is unknown. We aimed to assess whether acarbose could reduce the 
frequency of cardiovascular events in Chinese patients with established coronary heart disease and impaired glucose 
tolerance, and whether the incidence of type 2 diabetes could be reduced. 

Methods The Acarbose Cardiovascular Evaluation (ACE) trial was a randomised, double-blind, placebo-controlled, phase 4 
trial, with patients recruited from 176 hospital outpatient clinics in China. Chinese patients with coronary heart disease 
and impaired glucose tolerance were randomly assigned (1:1), in blocks by site, by a centralised computer system to 
receive oral acarbose (50 mg three times a day) or matched placebo, which was added to standardised cardiovascular 
secondary prevention therapy. All study staff and patients were masked to treatment group allocation. The primary 
outcome was a five-point composite of cardiovascular death, non-fatal myocardial infarction, non-fatal stroke, hospital 
admission for unstable angina, and hospital admission for heart failure, analysed in the intention-to-treat population (all 
participants randomly assigned to treatment who provided written informed consent). The secondary outcomes were a 
three-point composite outcome (cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke), death from 
any cause, cardiovascular death, fatal or non-fatal myocardial infarction, fatal or non-fatal stroke, hospital admission for 
unstable angina, hospital admission for heart failure, development of diabetes, and development of impaired renal 
function. The safety population comprised all patients who received at least one dose of study medication. This trial is 
registered with ClinicalTrials.gov, number NCT00829660, and the International Standard Randomised Controlled Trial 
Number registry, number ISRCTN91899513.

Findings Between March 20, 2009, and Oct 23, 2015, 6522 patients were randomly assigned and included in the intention-
to-treat population, 3272 assigned to acarbose and 3250 to placebo. Patients were followed up for a median of 5·0 years 
(IQR 3·4–6·0) in both groups. The primary five-point composite outcome occurred in 470 (14%; 3·33 per 100 person-years) 
of 3272 acarbose group participants and in 479 (15%; 3·41 per 100 person-years) of 3250 placebo group participants (hazard 
ratio 0·98; 95% CI 0·86–1·11, p=0·73). No significant differences were seen between treatment groups for the secondary 
three-point composite outcome, death from any cause, cardiovascular death, fatal or non-fatal myocardial infarction, fatal or 
non-fatal stroke, hospital admission for unstable angina, hospital admission for heart failure, or impaired renal function. 
Diabetes developed less frequently in the acarbose group (436 [13%] of 3272; 3·17 per 100 person-years) compared with the 
placebo group (513 [16%] of 3250; 3·84 per 100 person-years; rate ratio 0·82, 95% CI 0·71–0·94, p=0·005). Gastrointestinal 
disorders were the most common adverse event associated with drug discontinuation or dose changes (215 [7%] of 
3263 patients in the acarbose group vs 150 [5%] of 3241 in the placebo group [p=0·0007]; safety population). Numbers of 
non-cardiovascular deaths (71 [2%] of 3272 vs 56 [2%] of 3250, p=0·19) and cancer deaths (ten [<1%] of 3272 vs 12 [<1%] 
of 3250, p=0·08) did not differ between groups.

Interpretation In Chinese patients with coronary heart disease and impaired glucose tolerance, acarbose did not 
reduce the risk of major adverse cardiovascular events, but did reduce the incidence of diabetes.
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Introduction
People with coronary heart disease and impaired glucose 
tolerance are at increased risk of future cardiovascular 
events1–3 and development of type 2 diabetes.4 In 2006, 
the prevalence of impaired glucose regulation in Chinese 

adults who were admitted to hospital for coronary artery 
disease was reported to be 37·3%.5

The results of the STOP-NIDDM trial showed that 
acarbose, an α-glucosidase inhibitor, reduced the incidence 
of type 2 diabetes by 25% in people with impaired glucose 

Downloaded for Anonymous User (n/a) at Azienda USL della Romagna from ClinicalKey.com by Elsevier on September 17, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

ACARBOSIO	



Roma,	8-11	novembre	2018	

	

Comparative Safety of Sulfonylurea and Metformin Monotherapy on
the Risk of Heart Failure: A Cohort Study
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Background-—Medications that impact insulin sensitivity or cause weight gain may increase heart failure risk. Our aim was to
compare heart failure and cardiovascular death outcomes among patients initiating sulfonylureas for diabetes mellitus treatment
versus metformin.

Methods and Results-—National Veterans Health Administration databases were linked to Medicare, Medicaid, and National Death
Index data. Veterans aged ≥18 years who initiated metformin or sulfonylureas between 2001 and 2011 and whose creatinine was
<1.4 (females) or 1.5 mg/dL (males) were included. Each metformin patient was propensity score-matched to a sulfonylurea
initiator. The outcome was hospitalization for acute decompensated heart failure as the primary reason for admission or a
cardiovascular death. There were 126 867 and 79 192 new users of metformin and sulfonylurea, respectively. Propensity score
matching yielded 65 986 per group. Median age was 66 years, and 97% of patients were male; hemoglobin A1c 6.9% (6.3, 7.7);
body mass index 30.7 kg/m2 (27.4, 34.6); and 6% had heart failure history. There were 1236 events (1184 heart failure
hospitalizations and 52 cardiovascular deaths) among sulfonylurea initiators and 1078 events (1043 heart failure hospitalizations
and 35 cardiovascular deaths) among metformin initiators. There were 12.4 versus 8.9 events per 1000 person-years of use
(adjusted hazard ratio 1.32, 95%CI 1.21, 1.43). The rate difference was 4 heart failure hospitalizations or cardiovascular deaths per
1000 users of sulfonylureas versus metformin annually.

Conclusions-—Predominantly male patients initiating treatment for diabetes mellitus with sulfonylurea had a higher risk of heart
failure and cardiovascular death compared to similar patients initiating metformin. ( J Am Heart Assoc. 2017;6:e005379. DOI:
10.1161/JAHA.116.005379.)

Key Words: acute heart failure • comparative effectiveness • diabetes mellitus • pharmacoepidemiology

P atients with underlying heart disease and diabetes
mellitus have metabolic disturbances including hyperin-

sulinemia and insulin resistance that can influence heart
failure incidence and progression.1-3 It has been hypothesized

that medications that improve insulin sensitivity and limit the
potential for weight gain, such as metformin, could prevent
heart failure,1,4 whereas medications that increase endoge-
nous hyperinsulinemia5 and facilitate weight gain may
increase heart failure risk.1,6-8

The theory that insulin sensitization may also improve
cardiovascular outcomes compared to insulin provision
prompted the Bypass Angioplasty Revascularization Investi-
gation 2 Diabetes trial.9 That trial used a factorial design to
randomize patients with diabetes mellitus and cardiovascular
disease to either early revascularization or intensive medical
therapy. Medical therapy was further randomized as insulin
sensitization (metformin and/or a thiazolidinedione) or insulin
provision (sulfonylurea and/or insulin). Heart failure was
considered an adverse outcome and occurred in 22.6% of
those randomized to insulin sensitization compared with
20.0% of those randomized to insulin provision (P=0.13). The
effects of metformin and thiazolidinedione could not be
separated, and by 3 years 75% of patients in the insulin-
sensitizing group were taking thiazolidinedione and more than
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metabolism (insulin resistance) and elevated insulin levels
(hyperinsulinemia), which contribute to the development of
heart failure.4,35-37 Medications that improve insulin

sensitivity and limit weight gain, such as metformin, may be
more beneficial than medications that increase endogenous
insulin and result in weight gain, such as sulfonylureas. Many
hypoglycemics have not been rigorously evaluated for the risk
of heart failure.12,38 Clinical trials of diabetes mellitus
medications, including the United Kingdom Prospective
Diabetes Study, excluded patients with heart failure. The
associations reported between heart failure and thiazolidine-
diones or saxagliptin have been the subject of much debate,
in part because these associations were identified as adverse
event reports, not as prespecified outcomes in clinical trials
that had other surrogate or cardiovascular events as
outcomes.7,8,39

In this national cohort of veterans who initiated either
metformin or a sulfonylurea for first-line diabetes mellitus
treatment, we found that sulfonylurea initiation was associ-
ated with an increased risk of heart failure hospitalization and
cardiovascular death compared with metformin initiation. Our
comparison groups were carefully matched on important
covariates including BMI and HbA1c at therapy initiation.
Interestingly, among patients who remained at risk by
1.5 years after initiation, metformin users had on average
almost 1 BMI unit lower weight than patients prescribed a

Figure 3. Median (interquartile range) glycated hemoglobin (HbA1c) and body mass index (BMI) of at-
risk patients over time.

Metformin Sulfonylurea

6 months 1.5 years 2.5 years 3.5 years 4.5 years 5.5 years 6.5 years 7.5 years
Metformin 
N at Risk 65986 35388 22232 14861 9863 5514 2736 1187
N events 436 256 164 103 60 28 17
Sulfonylurea 
N at Risk 65986 31225 17633 10529 6230 3264 1531 665
N events 613 262 164 91 61 28 10
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Background
The ability of short-acting insulin secretagogues to reduce the risk of diabetes or 
cardiovascular events in people with impaired glucose tolerance is unknown.

Methods
In a double-blind, randomized clinical trial, we assigned 9306 participants with 
impaired glucose tolerance and either cardiovascular disease or cardiovascular risk 
factors to receive nateglinide (up to 60 mg three times daily) or placebo, in a 2-by-2 
factorial design with valsartan or placebo, in addition to participation in a lifestyle 
modification program. We followed the participants for a median of 5.0 years for 
incident diabetes (and a median of 6.5 years for vital status). We evaluated the effect 
of nateglinide on the occurrence of three coprimary outcomes: the development of 
diabetes; a core cardiovascular outcome that was a composite of death from cardio-
vascular causes, nonfatal myocardial infarction, nonfatal stroke, or hospitalization 
for heart failure; and an extended cardiovascular outcome that was a composite of 
the individual components of the core composite cardiovascular outcome, hospital-
ization for unstable angina, or arterial revascularization.

Results
After adjustment for multiple testing, nateglinide, as compared with placebo, did 
not significantly reduce the cumulative incidence of diabetes (36% and 34%, respec-
tively; hazard ratio, 1.07; 95% confidence interval [CI], 1.00 to 1.15; P = 0.05), the core 
composite cardiovascular outcome (7.9% and 8.3%, respectively; hazard ratio, 0.94, 
95% CI, 0.82 to 1.09; P = 0.43), or the extended composite cardiovascular outcome 
(14.2% and 15.2%, respectively; hazard ratio, 0.93, 95% CI, 0.83 to 1.03; P = 0.16). 
Nateglinide did, however, increase the risk of hypoglycemia.

Conclusions
Among persons with impaired glucose tolerance and established cardiovascular dis-
ease or cardiovascular risk factors, assignment to nateglinide for 5 years did not re-
duce the incidence of diabetes or the coprimary composite cardiovascular outcomes. 
(ClinicalTrials.gov number, NCT00097786.)
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Persons with impaired glucose tol-
erance are at increased risk for type 2 dia-
betes mellitus and cardiovascular disease1-3; 

therefore, treatments that might reduce the inci-
dence of diabetes and associated cardiovascular 
disease and death are potentially important.3 The 
risk of diabetes is reduced with lifestyle interven-
tions that involve increasing physical activity and 
reducing weight      4-6 and with metformin,6 acar-
bose,7 or rosiglitazone8 therapy, but no trials to 
date have been powered to consider cardiovascu-
lar outcomes.

Among persons with type 2 diabetes, reducing 
glycemia results in a small reduction in the risk 
of major macrovascular events.9 Glucose levels af-
ter a glucose challenge, however, are more closely 
associated with cardiovascular risk than are fast-
ing glucose levels,2 suggesting that postprandi-
al glycemia may be a distinct therapeutic target. 
Lowering postprandial glucose levels with the 
alpha-glucosidase inhibitor acarbose has been re-
ported to decrease the risk of myocardial infarc-
tion among persons with impaired glucose tol-
erance.10

In a large, prospective study involving persons 
with impaired glucose tolerance and cardiovascu-
lar disease or cardiovascular risk factors, we evalu-
ated an alternative postprandial glucose-lower-
ing approach that used the short-acting insulin 
secretagogue nateglinide, in addition to a lifestyle 
modification program. The aim of the Nateglin-
ide and Valsartan in Impaired Glucose Tolerance 
Outcomes Research (NAVIGATOR) trial11 was to 
determine whether the risk of diabetes and car-
diovascular events could be reduced in this popu-
lation.

Me thods

Study Oversight
The trial was approved by the ethics committee 
at each participating center, and all participants 
provided written informed consent. The study was 
sponsored by Novartis Pharma, was designed by 
the sponsor in collaboration with an academic 
executive committee, and was monitored by an 
independent data and safety monitoring commit-
tee (see Supplementary Appendix 1, available 
with the full text of this article at NEJM.org).11 
Data were collected, managed, and analyzed by 
the sponsor, with oversight by the executive com-
mittee, and analyses were replicated by an inde-

pendent academic statistician from the London 
School of Hygiene and Tropical Medicine. The 
manuscript was prepared by the writing group 
(see Section 1 in Supplementary Appendix 1), 
whose members had unrestricted access to the 
data, and was revised subsequently by all the au-
thors. All the authors made the decision to sub-
mit the manuscript for publication and assume 
responsibility for the accuracy and completeness 
of the data. The NAVIGATOR trial protocol is avail-
able in Supplementary Appendix 2.

Study Participants
Subjects were eligible for inclusion in the study if 
they had impaired glucose tolerance,3 a fasting 
plasma glucose concentration of at least 95 mg per 
deciliter (5.3 mmol per liter) but less than 126 mg 
per deciliter (7.0 mmol per liter), and one or more 
cardiovascular risk factors (in the case of sub-
jects who were 55 years of age or older) or known 
cardiovascular disease (in the case of subjects who 
were 50 years of age or older) (Section 2 in Sup-
plementary Appendix 1). Subjects were excluded 
if they had abnormal laboratory test results or 
concomitant conditions that could interfere with 
the assessment of the safety or efficacy of the 
study drug or if they had taken antidiabetic med-
ication within the previous 5 years.11

Study Medication
Participants were randomly assigned, with the use 
of an interactive voice-response telephone system, 
to nateglinide, at a dose of 60 mg taken before 
meals three times daily, or placebo and, in a 2-by-
2 factorial design, to valsartan or placebo. Both 
the participants and the investigators were un-
aware of the treatment assignments. Nateglinide 
was initially dispensed at a dose of 30 mg, with 
an increase to the full dose of 60 mg after 2 weeks. 
Reductions in the dose were permitted if there 
were side effects. The comparison of valsartan 
with placebo is reported elsewhere in this issue 
of the Journal.12 

Lifestyle Modification
All subjects were required to participate in a study-
specific lifestyle modification program that was 
designed to reduce the risk of diabetes (see Sec-
tion 3 in Supplementary Appendix 1). The aim of 
the program was to help participants achieve and 
maintain a 5% weight loss, reduce the amount of 
saturated and total fats in their diets, and in-
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Methods
In a double-blind, randomized clinical trial, we assigned 9306 participants with 
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factors to receive nateglinide (up to 60 mg three times daily) or placebo, in a 2-by-2 
factorial design with valsartan or placebo, in addition to participation in a lifestyle 
modification program. We followed the participants for a median of 5.0 years for 
incident diabetes (and a median of 6.5 years for vital status). We evaluated the effect 
of nateglinide on the occurrence of three coprimary outcomes: the development of 
diabetes; a core cardiovascular outcome that was a composite of death from cardio-
vascular causes, nonfatal myocardial infarction, nonfatal stroke, or hospitalization 
for heart failure; and an extended cardiovascular outcome that was a composite of 
the individual components of the core composite cardiovascular outcome, hospital-
ization for unstable angina, or arterial revascularization.

Results
After adjustment for multiple testing, nateglinide, as compared with placebo, did 
not significantly reduce the cumulative incidence of diabetes (36% and 34%, respec-
tively; hazard ratio, 1.07; 95% confidence interval [CI], 1.00 to 1.15; P = 0.05), the core 
composite cardiovascular outcome (7.9% and 8.3%, respectively; hazard ratio, 0.94, 
95% CI, 0.82 to 1.09; P = 0.43), or the extended composite cardiovascular outcome 
(14.2% and 15.2%, respectively; hazard ratio, 0.93, 95% CI, 0.83 to 1.03; P = 0.16). 
Nateglinide did, however, increase the risk of hypoglycemia.

Conclusions
Among persons with impaired glucose tolerance and established cardiovascular dis-
ease or cardiovascular risk factors, assignment to nateglinide for 5 years did not re-
duce the incidence of diabetes or the coprimary composite cardiovascular outcomes. 
(ClinicalTrials.gov number, NCT00097786.)
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58%.5,6 Some pharmacologic interventions have 
also reduced the risk of diabetes: in the 3.3-year 
Study to Prevent Non–Insulin-Dependent Diabetes 
Mellitus (STOP-NIDDM; ClinicalTrials.gov num-
ber, NCT00629213), there was a 25% relative risk 
reduction with the alpha glucosidase inhibitor ac-
arbose7; in the 2.8-year Diabetes Prevention Pro-
gram (DPP; NCT00004992), there was a 31% re-
duction with the biguanide metformin6; and in the 
3-year Diabetes Reduction Assessment with Rami-
pril and Rosiglitazone Medication (DREAM) study 
(NCT00095654), there was a 62% reduction with 
the thiazolidinedione rosiglitazone.8 The preven-
tion or delay of diabetes with lifestyle interven-

tion or metformin therapy can persist for up to 
10 years.20 However, a 3-year study of the second-
generation sulfonylurea gliclazide, a long-acting 
insulin secretagogue, did not show any reduction 
in the progression from fasting hyperglycemia to 
diabetes.21 In addition, no reduction was seen with 
the first-generation sulfonylurea tolbutamide in 
an intention-to-treat analysis of the 10-year follow-
up data from the Malmöhus trial.22

The D-phenylalanine derivative nateglinide is 
a short-acting insulin secretagogue. When it is 
taken before meals, it reduces postprandial glu-
cose excursions (i.e., increases above the premeal 
value) by enhancing early insulin secretion.23 It 
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Rischio	di	ospedalizzazione	per	scompenso	cardiaco	Nateglinide	vs	placebo:	
3.1	vs	3.6	eventi	per	100	pazienti	anno	
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TIAZOLIDINEDIONI	

•  Questi	farmaci	non	sono	raccomandati	nei	pazienti	con	scompenso	cardiaco	e	
controindicati	nei	pazienti	con	NYHA	classe	III/IV	

•  Metanalisi	di	7	studi	con	pioglitazone	o	rosiglitazone	indicano	un	rischio	di	HF	(HR	
1.71,	CI	1.21	–	2.4)	

PROACTIVE:	pioglitazone	comporta	un	maggior	numero	di	ospedalizzazioni	per	HF,	6%	vs	4%	
nell’arco	di	un	follow	up	di	3	anni;	nessuna	differenza	di	mortalità	per	HF,	1%	in	entrambi	i	bracci	
IRIS:	pazienti	insulinoresistenti	con	pregresso	stroke,	non	diabetici,	pioglitazone	vs	placebo	HF	3.8%	
vs	3.7%	e	ospedalizzazioni	per	HF	2.6%	vs	2.2%		

RECORD:	rosiglitazone	vs	metformina	e	sulfonilurea	comporta	un	maggior	rischio	di	
ospedalizzazioni	per	HF	o	morti	correlate	al	HF	(2.7%	vs	1.3%,	HR	2.10,	CI	1.35	–	3.27)	
DREAM:	rosiglitazone	vs	placebo	in	pazienti	in	prevenzione	primaria	con	alterata	tolleranza	al	
glucosio	HF	0.5%	vs	0.1%	(HR	7.03,	CI	1.6	-30.09)	
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Trial	 MACE	 %	pz	con	HF	
all’ingresso	

HR	ospedalizzazioni	per	
HF	

ELIXA	(lixisenatide)	 NS	 22.3	%	 0.96	(0.75	–	1.23)	

LEADER	(liraglutide)	 -	13	%	 17.8	%	 0.87	(0.73	–	1.05)	

SUSTAIN	6	(Semaglutide)	 -	26	%	 23.6	%	 1.11	(0.77	–	1.61)	

GLUCAGON – LIKE PEPTIDE 1 RECEPTOR AGONISTS 

n engl j med 375;4 nejm.org July 28, 2016316
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Aims To determine the effect of the glucagon-like peptide-1 analogue liraglutide on left ventricular function in chronic heart
failure patients with and without type 2 diabetes.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Methods
and results

LIVE was an investigator-initiated, randomised, double-blinded, placebo-controlled multicentre trial. Patients
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majority of patients. Improvement (n= 34, 16%) and worsening
(n= 29, 14%) of NYHA functional class occurred in a similar num-
ber of patients in the two treatment groups. Liraglutide treatment
was associated with a weight loss of 2.2± 3.1 kg whereas there
was no change in the placebo group (0.0± 3.0 kg) [mean difference
−2.2 (−3.0, −1.4), P< 0.0001]. Although systolic blood pressure
was reduced in the liraglutide group, there was no statistically
significant difference between the groups. In contrast, an increase
in heart rate averaging 6± 9 b.p.m. in the liraglutide group and a
decrease of 1± 8 b.p.m. in the placebo group (mean difference
7 b.p.m. (5, 9), P< 0.0001) were seen (Table 3). Quality of life
improved similarly in both treatment groups during treatment
[mean difference −1.6 (−5.3, 2.0), P= 0.39].

Plasma NT-proBNP did not change significantly in either
group during treatment; neither were there any differences
observed between groups [mean difference −140 pg/mL (−317,
37), P= 0.12]. In all patients, after 24 weeks of treatment, gly-
cated haemoglobin (HbA1c) was reduced in the liraglutide group
compared with the placebo group [mean difference −0.4% (−0.5,
−0.3), P< 0.0001].

More patients experienced serious cardiac adverse events
(n= 12, 10%) in the liraglutide group than in the placebo group
(n= 3, 3%), (P= 0.04). The events comprised one death caused
by ventricular tachycardia (VT), non-fatal VT, atrial fibrillation
requiring intervention, aggravation of ischaemic heart disease, and
one case of worsening of heart failure (Table 4). The patient with
a fatal event had VT shortly after titration to the maximal dose of
the drug being investigated, treatment was immediately stopped.
The patient died 17 days after treatment was discontinued. All
other serious cardiac events occurred in patients on study drug
but no relationship with duration of treatment was observed.
The group of patients experiencing a serious cardiac adverse
event did not differ from the rest of the population with respect
to age, diabetes status, BMI, hypoglycaemic events, LVEF, NYHA ..
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rate, beta-blocker treatment, or eGFR. Significantly more events
were seen in the group treated with liraglutide [hazard ratio (HR)
3.9, 95% CI 1.1, 13.8; log rank P= 0.029]. Non-serious cardiac
adverse events occurred in 13 patients (11%) in the liraglutide
group vs. 9 patients (8%) in the placebo group (P= 0.14). These
events comprised non-sustained VT, supraventricular tachycardia,
atrial fibrillation, and worsening of heart failure. In patients with
diabetes, no VT events were recorded, two patients had atrial
fibrillation requiring intervention (5%), and two patients had aggra-
vation of existing ischaemic heart disease (5%) in the liraglutide
group compared with none in the placebo group.

Non-serious gastrointestinal side-effects, especially nau-
sea and constipation, were more frequent in the liraglutide
group (n= 80, 66%) than in the placebo group (n= 19, 16%;
P< 0.0001) (see the Supplementary material online, Table S3).
Central nervous system-classified events, especially dizziness,
were seen more often in the liraglutide group (n= 38, 31%
vs. n= 15, 13%; P= 0.002). Hypoglycaemia occurred in four
patients (10%) with diabetes treated with liraglutide and in three
patients (9%) with diabetes receiving placebo (P= 0.73). All
the events were mild and documented by self-measured blood
glucose.

Patients with and without diabetes did not differ in treatment
responses; neither did the treatment effect differ from the overall
result in patients with and without ischaemic heart disease, patients
tolerating full doses, and patients with hypertension, atrial fibril-
lation, or long duration of heart failure. Results for patients with
diabetes are shown in the Supplementary material online, Table S4.

Discussion
Liraglutide treatment for 24 weeks did not improve LVEF or other
systolic function measures compared with placebo in patients
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LIRAGLUTIDE	122	pz	 PLACEBO	119	pz	

LVEF	%	 33.7	%	 35.4	%	

Diabete	 	32	%	 29	%	

Eventi	avversi	 10	%	 3	%	

Liraglutide	non	modifica	la	funzione	
sistolica	nei	pazienti	con	HF		
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Effetto	dei	DPP-IV	inibitori	sul	
rischio	di	ospedalizzazione	per	HF		

Trials	 %	HF	 terapia	 Ospedalizzazione	
per	HF	

Ospedalizzazione	
per	HF	(sottogruppo	

di	pz	senza	HF	
all’entrata)	

TECOS	 18	%	 METF.	81.6	%	
INS.	23.2	%	
TZD	2.7	%	

1	(0.83	–	1.19)	 no	

SAVOR	TIMI	53	 12.8	%	 METF.	69.5	%	
INS.	41.1	%	
TZD	6	%	

1.27	(1.77	–	1.51)	 1.30	(2.03	–	2.65)	

EXAMINE	 27.9	%	 METF.	66.2	%	
INS.	29.9	%	
TZD	2.4	%	

1.19	(0.90	–	1.58)	 1.76	(1.07	–	2.9)	
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Figure 2 Hospitalization for heart failure according to treatment with saxagliptin or placebo. Kaplan–Meier estimates and hazard ratios (HR)
are shown at 6 months, 12 months and 2 years.

12–18 months) in LEADER appeared to suggest an effect of
liraglutide on atherosclerosis.

Hospitalization for HF occurred in fewer liraglutide patients, but
the difference was not statistically significant (HR 0.87, 95% CI
0.73–1.05, P= 0.14). However, fewer loop diuretics were initiated
in the liraglutide- (6.5%) than in the placebo- (8.2%) treated patients
(P= 0.01), perhaps indicating a lower incidence of less severe HF
in the treatment group. Of the patients with a prior history of HF,
the impact of liraglutide on the primary efficacy outcome was not
statistically different from the patients with no history of HF.

Semaglutide, a long-acting once-weekly administered GLP-1RA,
was also shown to result in a reduction of the primary cardiovas-
cular MACE endpoint, as reported in an April 2016 top-line result
announcement.52 Details of the trial results will be available later
in 2016.

Dipeptidyl peptidase-4 inhibitors
Glucagon-like peptide 1 is inactivated by the peptidase DPP-4.
Inhibition of DPP-4 results in an increased availability of GLP-1,
enhancing the incretin effect of post-prandial insulin release. How-
ever, DPP-4 has >50 identified substrates including BNP, erythro-
poietin, glucagon, vasoactive intestinal peptide, and vasostatin.53

Thus, DPP-4 inhibition could impact many pathways including those
involving cardiac signalling peptides, collagen turnover enzymes,
and the sodium hydrogen exchanger in the renal proximal tubule.54

The clinical outcomes of DPP-4 inhibition in patients at high
risk of cardiovascular events has been reported from three ran-
domized controlled clinical trials. The trials SAVOR-TIMI 5355

(with saxagliptin), EXAMINE56 (with alogliptin), and TECOS10 (with
sitagliptin) showed that over a 2- to 3-year period the study drug
met non-inferiority criteria for the primary endpoint of MACE.

In the SAVOR-TIMI 53 study, hospitalization for HF was
increased 27% by saxagliptin [HR 1.27, 95% CI 1.07–1.51, ..
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143]. Heart failure occurred early within the first year of treat-
ment (Figure 2). Patients at greatest risk were those with prior HF,
with an elevated baseline NT-proBNP, or chronic kidney disease.57

However, saxagliptin treatment was not associated with either an
increased incidence of peripheral oedema, weight gain, or increase
in NT-proBNP.

The EXAMINE study that included patients with recent myocar-
dial infarction receiving alogliptin did not report the incidence of HF
in the primary publication.56 In a subsequent report, alogliptin was
shown to be associated with a non-significant increase in hospital-
ization for HF (3.9% vs. 3.3%, HR 1.19, 95% CI 0.9–1.58).58 Patients
with higher NT-proBNP levels at baseline and a history of prior HF
did not have a higher incidence of hospitalization for HF associated
with alogliptin treatment. However, for patients with no history of
HF, alogliptin significantly increased hospitalization for HF (2.2% vs.
1.3%, HR 1.76, 95% CI 1.07–2.90). Alogliptin had no impact on the
composite event of cardiovascular death and hospitalization for HF
(HR 1.00, 95% CI 0.82–1.21).58

The TECOS study10 that included 14 671 subjects with car-
diovascular disease yet showed that sitagliptin did not increase
hospitalization for HF (HR 1.00, 95% CI 0.83–1.20) during the
3-year period of the study. Overall hospitalization for HF was more
likely in patients with a history of prior myocardial infarction, and
prior HF.59 Cardiovascular mortality and all-cause mortality after
hospitalization for HF were similar and high in patients receiving
sitagliptin and placebo (cardiovascular mortality 22.4% vs. 23.1%,
all-cause mortality 29.8% vs. 28.8%).

The VIVIDD study (McMurray JJ., unpublished data,
NCT00894868) investigated the effect of the DPP-4 inhibitor
vildagliptin on echocardiographic measures of LV function in
patients with symptomatic HF with an LVEF of <35% and poorly
controlled diabetes. Worsening HF was not increased, and BNP
levels decreased in both vildagliptin- and placebo-treated patients.
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SAVOR TIMI 18 

Saxagliptin	incrementa	del	81	%		(HR	1.81,	CI	1.21	–	2.76)	il	rischio	di	scompenso	
cardiaco	nei	pazienti	che	non	assumono	β	bloccanti,	ma	solo	del	18	%	(HR	1.18,	CI	
0.97	–	1.43)	in	coloro	che	li	assumono	
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Trials	reporting	hospital	admission	for	heart	failure	

Studio	fase	 pazienti	 Follow	up	
sett.	

età	 BMI	 HbA1c	 Durata	
diabete	

TECOS	2015	 III	 14735	 156	 65.5	 30.2	 7.2	 11.6	

VIVID	2014	 NR	 253	 52	 63	 NR	 7.8	 NR	

Laakso	2015	 III	 235	 52	 66.6	 NR	 8.1	 NR	

Savor-Timi	53	
2013	

IV	 16492	 109	 65	 31.1	 NR	 10.2	

Examine	2015	 III	 5380	 76	 60.9	 29.5	 NR	 9.2	

controlli	 DPP-IV	 Rischio	Relativo	 Rischio	per	
controllo	

Rischio	per	DPP-IV	

552/18474	
3%	

622/18554	
3.4%	

1.13	(1-1.26)	 60	x	1000	 +	8	

Qualità	dell’evidenza:		 +	 +	+	
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Worsening Heart Failure During
the Use of DPP-4 Inhibitors
Pathophysiological Mechanisms, Clinical Risks, and
Potential Influence of Concomitant Antidiabetic Medications

Milton Packer, MD

ABSTRACT

Although dipeptidyl peptidase (DPP)-4 inhibitors have been reported to have a neutral effect on thromboembolic vaso-

occlusive events in large-scale trials, they act to potentiate several endogenous peptides that can exert deleterious

cardiovascular effects. Experimentally, DPP-4 inhibitors may augment the ability of glucagon-like peptide-1 to stimulate

cyclic adenosine monophosphate in cardiomyocytes, and potentiation of the effects of stromal cell–derived factor-1 by

DPP-4 inhibitors may aggravate cardiac fibrosis. These potentially deleterious actions of DPP-4 inhibitors might not

become clinically apparent if these drugs were to promote sodium excretion. However, the natriuretic effect of DPP-4
inhibitors is modest, because they act on the distal (rather than proximal) renal tubules. Accordingly, both clinical trials

and observational studies have reported an increase in the risk of heart failure in patients with type 2 diabetes who were

receiving DPP-4 inhibitors. This risk may be muted in trials with a high prevalence of metformin use or with low and

declining background use of insulin and thiazolidinediones. Still, the most vulnerable patients (i.e., those with established

heart failure) were not well represented in these studies. The only trial that specifically evaluated patients with

pre-existing left ventricular dysfunction observed important drug-related adverse structural and clinical effects. In

conclusion, an increased risk of worsening heart failure appears to be a class effect of DPP-4 inhibitors, even in

patients without a history of heart failure. Additional clinical trials are urgently needed to elucidate the benefits and
risks of DPP-4 inhibitors in patients with established left ventricular dysfunction. (J Am Coll Cardiol HF 2018;6:445–51)

© 2018 by the American College of Cardiology Foundation.

B ecause of their ease of use and tolerability,
dipeptidyl peptidase (DPP)-4 inhibitors are
commonly prescribed to lower blood glucose

in patients with type 2 diabetes, particularly as an
adjunct to first-line therapy with metformin (1,2). Un-
like other agents that signal through the incretin
pathway (i.e., long-acting glucagon-like peptide
[GLP]-1 analogs), DPP-4 inhibitors do not require
parenteral administration, and their use is associated
with fewer gastrointestinal adverse effects (1). Unlike
older antidiabetic drugs, the use of DPP-4 inhibitors is
not accompanied by weight gain and carries a low risk

of hypoglycemia (2). In contrast to sodium-glucose
transporter 2 (SGLT2) inhibitors, DPP-4 inhibitors do
not increase the risk of genitourinary infections or
have adverse effects on lipid metabolism. Taken
together, these features have contributed to the
popularity of DPP-4 inhibitors among practitioners
who treat patients with type 2 diabetes.

However, DPP-4 inhibitors may precipitate heart
failure in patients at increased cardiovascular risk or
may worsen the clinical course in patients with pre-
existing left ventricular dysfunction. Heart failure is
the most important and preventable macrovascular
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Worsening Heart Failure During
the Use of DPP-4 Inhibitors
Pathophysiological Mechanisms, Clinical Risks, and
Potential Influence of Concomitant Antidiabetic Medications

Milton Packer, MD

ABSTRACT

Although dipeptidyl peptidase (DPP)-4 inhibitors have been reported to have a neutral effect on thromboembolic vaso-

occlusive events in large-scale trials, they act to potentiate several endogenous peptides that can exert deleterious

cardiovascular effects. Experimentally, DPP-4 inhibitors may augment the ability of glucagon-like peptide-1 to stimulate

cyclic adenosine monophosphate in cardiomyocytes, and potentiation of the effects of stromal cell–derived factor-1 by

DPP-4 inhibitors may aggravate cardiac fibrosis. These potentially deleterious actions of DPP-4 inhibitors might not

become clinically apparent if these drugs were to promote sodium excretion. However, the natriuretic effect of DPP-4
inhibitors is modest, because they act on the distal (rather than proximal) renal tubules. Accordingly, both clinical trials

and observational studies have reported an increase in the risk of heart failure in patients with type 2 diabetes who were

receiving DPP-4 inhibitors. This risk may be muted in trials with a high prevalence of metformin use or with low and

declining background use of insulin and thiazolidinediones. Still, the most vulnerable patients (i.e., those with established

heart failure) were not well represented in these studies. The only trial that specifically evaluated patients with

pre-existing left ventricular dysfunction observed important drug-related adverse structural and clinical effects. In

conclusion, an increased risk of worsening heart failure appears to be a class effect of DPP-4 inhibitors, even in

patients without a history of heart failure. Additional clinical trials are urgently needed to elucidate the benefits and
risks of DPP-4 inhibitors in patients with established left ventricular dysfunction. (J Am Coll Cardiol HF 2018;6:445–51)

© 2018 by the American College of Cardiology Foundation.

B ecause of their ease of use and tolerability,
dipeptidyl peptidase (DPP)-4 inhibitors are
commonly prescribed to lower blood glucose

in patients with type 2 diabetes, particularly as an
adjunct to first-line therapy with metformin (1,2). Un-
like other agents that signal through the incretin
pathway (i.e., long-acting glucagon-like peptide
[GLP]-1 analogs), DPP-4 inhibitors do not require
parenteral administration, and their use is associated
with fewer gastrointestinal adverse effects (1). Unlike
older antidiabetic drugs, the use of DPP-4 inhibitors is
not accompanied by weight gain and carries a low risk

of hypoglycemia (2). In contrast to sodium-glucose
transporter 2 (SGLT2) inhibitors, DPP-4 inhibitors do
not increase the risk of genitourinary infections or
have adverse effects on lipid metabolism. Taken
together, these features have contributed to the
popularity of DPP-4 inhibitors among practitioners
who treat patients with type 2 diabetes.

However, DPP-4 inhibitors may precipitate heart
failure in patients at increased cardiovascular risk or
may worsen the clinical course in patients with pre-
existing left ventricular dysfunction. Heart failure is
the most important and preventable macrovascular
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Evidence That DPP-4 Inhibitors Increase the 
Risk of Heart Failure

DPP-4 (dipeptidyl peptidase-4) inhibitors are popular choices 
for the management of type 2 diabetes mellitus because of 
their tolerability and ability to reliably lower blood glucose 
with oral administration. However, the use of DPP-4 inhibi-
tors can lead to worsening heart failure in patients with es-
tablished cardiovascular disease or metabolic abnormalities.1

The US Food and Drug Administration has issued a warn-
ing about an increased risk of serious heart failure events for 
both saxagliptin and alogliptin.2 In the SAVOR-TIMI53 trial 
(Saxagliptin Assessment of Vascular Outcomes Recorded in 
Patients With Diabetes Mellitus–Thrombolysis in Myocardial 
Infarction 53), patients treated with saxagliptin experienced 
an increased risk of hospitalization for heart failure.3 In the 
EXAMINE trial (Examination of Cardiovascular Outcomes 
With Alogliptin Versus Standard of Care), patients without 
a history of heart failure were hospitalized for heart failure 

more frequently when treated with alogliptin, as compared 
with placebo.4 Additionally, in the VIVIDD trial (Vildagliptin 
in Ventricular Dysfunction Diabetes) of patients with both 
diabetes mellitus and left ventricular systolic dysfunction, 
vildagliptin lead to adverse effects on cardiac remodeling 
and a higher risk of cardiovascular hospitalization and death.5 
A pooled analysis suggested increased adverse heart failure 
events with linagliptin.6

A large-scale trial with omarigliptin did not note an in-
creased risk of heart failure, but risk estimates were unreliable 
because of the small number of events.1,7 Although a large-
scale trial with sitagliptin did not report an increased risk of 
heart failure hospitalizations, the estimates of risk may have 
been influenced by a high prevalence of metformin use and a 
low and declining use of insulin as background treatments.1 
Worsening heart failure with all DPP-4 inhibitors has been 
reported in several meta-analyses and observational stud-
ies.8–10 Furthermore, adverse heart failure events have been 

Original received January 4, 2018; revision received January 30, 2018; accepted February 6, 2018. In January 2018, the average time from submission 
to first decision for all original research papers submitted to Circulation Research was 13.18 days.
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Rationale: DPP-4 (dipeptidyl peptidase-4) inhibitors have increased the risk of heart failure events in both 
randomized clinical trials and observational studies, but the mechanisms that underlie their deleterious effect 
remain to be elucidated. Previous work has implicated a role of these drugs to promote cardiac fibrosis.

Objective: This article postulates that DPP-4 inhibitors increase the risk of heart failure events by activating the 
sympathetic nervous system to stimulate cardiomyocyte cell death, and it crystallizes the findings from both 
experimental studies and clinical trials that support the hypothesis.

Methods and Results: Inhibition of DPP-4 not only potentiates the actions of GLP-1 (glucagon-like peptide-1; 
which can increase myocardial cAMP) but also potentiates the actions of SDF-1 (stromal cell-derived factor 1), 
NPY (neuropeptide Y), and substance P to activate the sympathetic nervous system and stimulate β-adrenergic 
receptors to cause cardiomyocyte apoptosis, presumably through a CaMKII (Ca++/calmodulin-dependent protein 
kinase II) pathway. An action of SDF-1 to interfere with cAMP and protein kinase A signaling may account for the 
absence of a clinically overt positive chronotropic effect. This conceptual framework is supported by the apparent 
ability of β-blocking drugs to attenuate the increased risk of DPP-4 inhibitors in a large-scale clinical trial.

Conclusions: Sympathetic activation may explain the increased risk of heart failure produced by DPP-4 inhibitors. 
The proposed mechanism has major implications for clinical care because in the treatment of patients with type 2 
diabetes mellitus, DPP-4 inhibitors are widely prescribed, but β-blockers are underutilized because of fears that 
they might mask hypoglycemia.   (Circ Res. 2018;122:928-932. DOI: 10.1161/CIRCRESAHA.118.312673.)
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reduced ejection fraction.12 This disorder is characterized pri-
marily by a loss of cardiomyocytes rather than inflammation 
and fibrosis in the myocardium.28

Effects of DPP-4 Inhibitors on Cardiomyocyte 
Viability and Death
The sympathetic nervous system contributes importantly to 
the progression of heart failure in patients who have impaired 
systolic function, accounting for the benefits of long-term β-
blockade in these individuals. Interestingly, in experimental 
heart failure, potentiation of the effects of endogenous SDF-1 
acts on the central nervous system to cause a striking increase 
in sympathetic outflow.38,39 Both NPY and substance P (which 
are coreleased with norepinephrine from nerve terminals) can 
further increase sympathetic nerve activity, particularly in the 
periphery.24,40,41 As a result of these potentiating effects, DPP-
4 inhibition predictably leads to an increase in the outflow of 
impulses to peripheral sympathetic nerves and the release of 
norepinephrine in both experimental and clinical studies, par-
ticularly in patients with diabetes mellitus, especially when they 
are receiving drugs that block the renin–angiotensin system.42–45

What are the consequences of the sympathetic overac-
tivity produced by DPP-4 inhibition? Prolonged agonism of 
β-adrenergic receptors can aggravate heart failure through 2 
potential mechanisms.46 On one hand, β-receptor stimulation 
can lead to increases in cAMP, signaling through protein ki-
nase A and cardiotoxicity.47,48 However, this response seems to 
be attenuated by SDF-1, possibly because the chemokine acts 
(through a Gi protein-coupled mechanism) to inhibit the cAMP 
response to β-receptor stimulation.49,50 Interference with cAMP 
signaling may explain the action of DPP-4 inhibition to attenu-
ate adrenergically mediated hypertrophy and arrhythmias and 
may contribute to the lack of a positive chronotropic response 
to DPP-4 inhibitors in clinical trials.51,52 On the other hand, β-
receptor stimulation also leads to increased signaling through 
CaMKII (Ca++/calmodulin-dependent protein kinase II), 
which may be the primary mechanism by which sympathetic 

overactivity causes calcium overload, cardiomyocyte apopto-
sis, and adverse cardiac remodeling.46,53–55 Interestingly, this 
effect on CaMKII does not seem to be attenuated by SDF-1; 
in fact, potentiation of SDF-1 and other peptides by DPP-4 in-
hibitors is likely to increase the activity of CaMKII because of 
an increased sympathetic nerve traffic.38–41 This may explain 
why experimental suppression of SDF-1 and CXCR7 acts to 
attenuate the response to β-adrenergic receptor stimulation and 
ameliorate adverse cardiac remodeling after myocardial infarc-
tion;22,56 additionally, high levels of SDF-1 may act directly to 
cause apoptosis in the myocardium.57 These deleterious actions 
could be further augmented by an effect of DPP-4 inhibitors to 
potentiate NPY and substance P. Stimulation of the NPY-Y1 
receptor leads to detrimental effects on the structure and func-
tion of cardiomyocytes,58 and potentiation of substance P can 
also accelerate cardiomyocyte apoptosis.59

Interaction of DPP-4 Inhibitors and β-Blockers in 
the SAVOR-TIMI53 Trial
The possibility that DPP-4 inhibitors can contribute to the 
evolution of heart failure by sympathetic activation is support-
ed by the findings in a large-scale clinical trial. In SAVOR-
TIMI53, an increased risk of hospitalizations for heart failure 
was observed in patients who were treated with saxagliptin, 
but the magnitude of this effect was meaningfully attenuated 
in patients who were concomitantly treated with β-blockers.3 
Saxagliptin increased the risk of heart failure by 81% in the 
6330 patients not receiving β-blockers (hazard ratio, 1.81 
[1.21–2.76]) but by only 18% in the 10 162 patients who were 
treated with β-blockers (hazard ratio, 1.18 [0.97–1.43]). The 
latter effect was not significant, despite a greater degree of 
statistical power; the interaction P value for the influence of 
β-blockers on the risk of saxagliptin was 0.06.

Summary and Conclusions
The use of DPP-4 inhibitors in type 2 diabetes mellitus is ac-
companied by an increased risk of heart failure, which seems 

Figure. Potential mechanisms by 
which DPP-4 (dipeptidyl peptidase-4) 
inhibitors can promote adrenergically 
mediated adverse effects on the 
myocardium.
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quantities of biologically active epicardial fat (27),
which can act as an important source of mesen-
chymal stem cells (28). Increases in SDF-1 activity
can enhance adipose tissue inflammation and pro-
mote fibrosis in experimental diabetic cardiomyop-
athy (24,29).

ACTIONS ON THE KIDNEY AND VASCULATURE IN

EXPERIMENTAL STUDIES. Any potentially detri-
mental effects of DPP-4 inhibition on the heart
might not become clinically important if DPP-4 in-
hibitors were to exert meaningful natriuretic ef-
fects, which would act to ameliorate cardiac loading
conditions. DPP-4 inhibitors promote sodium
excretion by the kidney (30), but in the clinical
setting, this effect appears to be modest when
compared with other antidiabetic drugs that exert
direct actions on the renal tubules. In contrast to
the natriuretic effects of GLP-1 receptor agonists
and SGLT2 inhibitors, the increase in urinary so-
dium excretion produced by DPP-4 inhibitors does
not lead to a decrease in body weight (31–35);
moreover, unlike SGLT2 inhibitors, the use of DPP-4
inhibitors is not accompanied by hemoconcentration
and the potential for clinically important volume
depletion (31,32,36). The modest nature of the
natriuretic effects of DPP-4 inhibitors can be
explained by their unique site of action. Both GLP-1
receptor agonists and SGLT2 inhibitors act primarily
on the proximal renal tubule, where the majority of
sodium reabsorption takes place (37,38). In contrast,
the effect of DPP-4 inhibitors on the proximal tu-
bule appears to be minor and is not mediated by
the GLP-1 receptor (30,39). Instead, these drugs
exert their natriuretic effects primarily by an action
on the distal renal tubules, an effect that is medi-
ated through potentiation of SDF-1 (30).

Conceivably, the risk of developing heart failure
could also be ameliorated if DPP-4 inhibition were to
exert important systemic vasodilator effects that
might reduce loading conditions in the heart. DPP-4
may contribute to the breakdown of endogenous
natriuretic factors that have vasodilator actions (10).
In addition, DPP-4 inhibition may mediate vasodila-
tion through a nitric oxide–dependent mechanism
(40). Experimentally, the vasodilator effect of DPP-4
inhibitors may be a prerequisite for the ability of
SDF-1 to promote neovascularization and thereby
promote both myocardial and renal repair (41).
However, these nitric oxide–dependent pathways
are attenuated in diabetes, and thus, they may not
be capable of exerting adaptive effects on the
circulation (42).

EFFECT OF DPP-4 INHIBITORS ON THE

CLINICAL COURSE OF HEART FAILURE

Four large-scale cardiovascular outcomes trials with
DPP-4 inhibitors have been completed, and their
findings have been published (Table 1) (31–34). In 2
studies (with saxagliptin and alogliptin), DPP-4 inhi-
bition was accompanied by an increased risk of heart
failure (Table 1), which prompted the U.S. Food and
Drug Administration to mandate warnings about this
risk in the labeling for both drugs (43). In a trial with
saxagliptin (SAVOR-TIMI 53 [Saxagliptin Assessment
of Vascular Outcomes Recorded in Patients With
Diabetes Mellitus–Thrombolysis In Myocardial
Infarction 53]) (44), patients treated with the drug
experienced a significant increase in the risk of hos-
pitalization for heart failure (hazard ratio: 1.27; 95%
confidence interval: 1.07 to 1.51; p ¼ 0.007), which
was seen early following initiation of treatment and
was observed primarily in patients with biomarker
evidence for elevated cardiac filling pressures at
study entry but without symptoms of heart failure. In
a trial with alogliptin (EXAMINE [Examination of
Cardiovascular Outcomes With Alogliptin Versus
Standard of Care in Patients With Type 2 Diabetes
Mellitus and Acute Coronary Syndrome]) (45), pa-
tients who were randomized to active therapy were
hospitalized for heart failure more frequently than
those assigned to placebo; this difference was nomi-
nally significant in patients without a history of heart

CENTRAL ILLUSTRATION Actions of Dipeptidyl
Peptidase-4 Inhibitors That Are Relevant to Their Effects in
Patients With Chronic Heart Failure

DPP-4 Inhibitors

Stromal cell-
derived factor-1

Glucagon-like
peptide-1

Increased myocardial
cyclic AMP

Cardiac
fibrosis

Distal tubular
natriuresis

Central
sympathetic

activation

Packer, M. J Am Coll Cardiol HF. 2018;6(6):445–51.

AMP ¼ adenosine monophosphate; DPP ¼ dipeptidyl peptidase.
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- 14%	3	point	MACE	

- 34%	di	ospedalizzazione	per	scompenso	cardiaco	

- 32%	della	mortalità	per	tutte	le	cause	

Heart	failure	hospitalisation	or	CV	death	

- 34% 
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Cardiovascular outcome 
SGLT-2	I	 Follow	up	 MACE	 Mortalità	

cardiovascolar
e	

Mortalità	per	
tutte	le	
cause	

Scompenso	
cardiaco	

IMA	non	
fatale	

Stroke	non	
fatale	

CVD-REAL	
Nordik	

Dapagliflozin	
94%	

0.9	 0.78	(0.69	–	
0.87)	

0.53	(0.40	–	
0.71)	

0.51	(0.45	–	
0.58)	

0.70	(0.61	–	
0.81)	

0.87	(0.73	–	
1.03)	

0.86	(0.72	–	
1.04)	

CVD-REAL	
US		

Canagliflozin	
75	–	76%	
Dapagliflozin	
19%	

0.5	 NA	 NA	 0.38	(0.29	–	
0.50)	

0.55	(0.44	–	
0.69)	

NA	 NA	

EASEL	 1.6	 0.67	(0.60	–	
0.75)	

0.57	(0.49	–	
0.66)	

0.57	(0.45	–	
0.73)	

0.81	(0.64	–	
1.03)	

0.85	(0.66	–	
1.1)	

EMPA-REG	 Empagliflozin	
100%	

3.1	 0.86	(0.74	–	
0.99)	

0.62	(0.49	–	
0.77)	

0.68	(0.57	–	
0.82)	

0.65	(0.50	–	
0.85)	

0.87	(0.70	–	
1.09)	

1.24	(0.92	–	
1.67)	

CANVAS	 Canagliflozin	
100%	

3.6	 0.86	(0.75	–	
0.97)	

0.87	(0.72	–	
1.06)	

0.87	(0.74	–	
1.01)	

0.67	(0.32	–	
0.87)	

0.85	(0.69	–	
1.05)	

0.90	(0.71	–	
1.15)	
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Comparison	of	all-cause	mortality	reduction	observed	in	heart	failure	trials		



Roma,	8-11	novembre	2018	

	

Impact	of	glucose-lowering	drugs	on	incidence	of	hospitalization	
for	heart	failure		
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IV. Cura del diabete

bella	4.H4) se non si raggiungono gli obiettivi terapeutici. È opportuno mantenere in terapia, 
se non controindicata, la metformina, e, nel caso di trattamento con la sola insulina basale, 
anche gliptine, gliflozine e agonisti del recettore del GLP-1, se già precedentemente assunti 
dal paziente.

Tabella	4.H3.	Effetti collaterali e rischi dei farmaci per il diabete di tipo 2.
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Interazioni con altri farmaci - - - - - + ++ - -

Ipoglicemia - - - - - - ++ +++ +++

Aumento di peso - - - - - ++ + +++ +++

Pancreatiti - - +/- - + - - - -

Fratture ossee - - - +/-a - +++ - - -

Scompenso cardiaco - - - - +/-b ++ + - -

Disturbi gastrointestinali ++ +++ ++ +/- - - - - -

Infezioni genitali - - - + - - - - -

Acidosi lattica + - - - - - - - -

Chetoacidosi - - - + - - - - -

Amputazioni minori - - - +/-a - - - - -

a Segnalato per canagliflozin. b Segnalato per saxagliptin e alogliptin.EFFETTI COLLATERALI E RISCHI DEI FARMACI PER IL DIABETE DI TIPO 2 
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Fig. 2 Glucose-lowering medication in type 2 diabetes: overall approach

D
iabetologiaFig. 3 Choosing glucose-lowering medication in those with established atherosclerotic cardiovascular disease (ASCVD) or chronic kidney disease
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	 Trattamento	dello	scompenso	cardiaco	cronico	

FE	>	40%	
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Chioncel	O	Eur	J	Heart	Fail.	2017		
doi:	10.1002/ejhf.813.		
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HF-rEF	
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ESC Guidelines 2016 
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Relative	risk	

ACE-inibitori	
Metanalisi:	 	CONSENSUS,	SAVE,	

	SMILE,	SOLVD,	TRACE	
	2398	pz;	mortalità	

0	 1	0.5	0.1	

HR:	0.84	(0.70-1.00)	

Sartani	
CHARM;	mortalità-ospedalizzazione	

Beta-bloccanti	
Metanalisi:	 	CIBIS-II,	BEST.	ANZ,		

	Carvedilol	U.S.,	COERNICUS,	
	MERIT-HF	

HR:	0.76	(0.70-0.82)	

Anti-aldosteronici	
RALES;	mortalità	

HR:	0.70	(0.52-0.94)	

HR:	0.82	(0.74-0.90)	

Riduzione	della	morbilità	e	mortalità	nel	paziente	diabetico	
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ACE-inibitori	e	Sartani	

Yusuf	S	et	al,	Circulation	2005;112:48	

CHARM	

HR:0.22	
p<	0.0001	

Placebo	Candesartan	
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Vermes	E	et	al,	Circulation	2003;107:1291	

SOLVD	

Enalapril	

Placebo	
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Top Pedersen et al. Heart 2007;93:968. 

Incidenza diabete 

Uso dei beta-bloccanti nel paziente diabetico con scompenso 
(Studio COMET) 
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Modello cardiorenale 

•  Diuretici 

Modello cardiocircolatorio 
•  Inotropi 
•  Vasodilatatori 

Modello neurormonale 
•  ACE inibitori  
•  β-bloccanti 
•  ARB 
•  ARNi 
•  Antag. aldosterone 

Altre strategie 
•  Modulazione neurormonale 
•  CRT 
•  Ivabradina 
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ESC Guidelines 2016 

HF-rEF:	Aspetti terapeutici	
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McMurray. European Journal of Heart Failure 2015 

HF-rEF:	Modulazione neurormonale	
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Diez G. European Journal of Heart Failure 2016 

HF-rEF:	Aspetti terapeutici	
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85 

!  LCZ696: enhancement of natriuretic and other vasoactive peptides, with simultaneous RAAS suppression 

SNS 

RAAS 

Vasoconstriction 
Blood pressure 

Sympathetic tone 
Aldosterone 
Hypertrophy 

Fibrosis 

Ang II AT1R 

HF SYMPTOMS & 
PROGRESSION 

INACTIVE 
FRAGMENTS 

NP system 

Vasodilation 
Blood pressure 
Sympathetic tone 
Natriuresis/diuresis 
Vasopressin 
Aldosterone 
Fibrosis 
Hypertrophy 

NPRs NPs 

Epinephrine 
Norepinephrine 

α1, β1, β2 
receptors 

Vasoconstriction 
RAAS activity 

Vasopressin 
Heart rate 

Contractility 

1. McMurray et al. Eur J Heart Fail. 2013;15:1062–73;  
Figure references: Levin et al. N Engl J Med 1998;339:321–8; Nathisuwan 

& Talbert. Pharmacotherapy 2002;22:27–42;  
Kemp & Conte. Cardiovascular Pathology 2012;365–371;  Schrier & 

Abraham  N Engl J Med 2009;341:577–85 

ACEI=angiotensin-converting- enzyme inhibitor; Ang=angiotensin; ARB=angiotensin  
receptor blocker; AT1 = angiotensin II type 1; HF=heart failure;  MRA=mineralocorticoid 
receptor antagonist; NEP=neprilysin; NP=natriuretic peptide; NPRs=natriuretic peptide 
receptors; RAAS=renin-angiotensin-aldosterone system; SNS=sympathetic nervous system 

Neprilysin 
inhibitors 

RAAS inhibitors 
(ACEI, ARB, MRA) 

β-blockers 

LCZ696 

HF-rEF:	Modulazione neurormonale	
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McMurray Eur J Heart Fail 2015 

RRR: -20% 
ARR: -4.7% 
NNT: 21 

RRR: -20% 
ARR: -3.2% 
NNT: 32 

RRR: -21% 
ARR: -2.8% 
NNT: 36 

RRR: -16% 
ARR: -2.8% 
NNT: 36 

HF-rEF:	Modulazione neurormonale	
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Δ HbA1c (%) 

Valsartan/sacubitril Enalapril 

-0.26% -0.16% 

0 

-0.15 

-0.30 

p: 0.0023 

New use Insulin (%) 

Valsartan/sacubitril Enalapril 

7% 

10% 

0 

5 

10 
p: 0.0052 

Seferovic et al. The Lancet Diab & End 2017 

HF-rEF:	Modulazione neurormonale e diabete	
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ESC Guidelines 2016 
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Reil JC, Bohm M. Lancet 2008;372:779-80 

Controllo	della	frequenza	cardiaca	
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Endpoint primario composito 0.82 [0.75;0.90] - 18% p<0.0001 - 4,3% 23 

Morte CV 0.91 [0.80;1.03] - 9% p=0.128 -1,4% 71 

Mortalità Totale 0.90 [0.80;1.02] - 10% p=0.092 - 1,2% 83 

Morte per scompenso 0.74 [0.58;0.94] - 26% p=0.014 - 1,2% 83 

Ospedalizzazione Totale 0.89 [0.82;0.96] - 11% p=0.003 - 3,6% 28 

Ospedalizzazione per CV 0.85 [0.78;0.92] - 15% p=0.0002 - 4,5% 22 

Endpoints HR 95% CI RRR p value ARR NTT 

Follow-up mediano 22.9 mesi 
Swedberg  et al. Lancet 2010; 376:886-94 

Studio Shift 

Controllo	della	frequenza	cardiaca	
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Swedberg K et al. Lancet. 2010;376:875-85.  
Borer JS Am J Cardiol. 2010;105:29-35.  

Controllo	della	frequenza	cardiaca	
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Scompenso	cardiaco	e	comorbilità	
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Miocardiopatia	diabetica	

EMPA-REG	OUTCOME	Pooled	Analysis	
(N=7020) 
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Take Home Message 
•  La	coesistenza	di	diabete	di	tipo	2	e	scompenso	cardiaco	
è	frequente	nel	30	–	40%	dei	pazienti	

•  Le	cause	dello	scompenso	sono	nell’ordine:	la	
coronaropatia	aterosclerotica,	l’ipertensione	arteriosa	e	
la	cardiomiopatia	diabetica	

•  Il	fenotipo	HFpEF	è	il	più	frequente	e	nella	
cardiomiopatia	diabetica	precede	sempre	quello	a	HFrEF	

•  Non	ci	sono	particolari	limitazioni	nel	trattamento	dello	
scompenso	cardiaco	nel	paziente	diabetico	
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Take Home Message 
•  Abbiamo	limitazioni	nella	terapia	del	diabete	di	tipo	2	
con	scompenso	cardiaco	

•  La	metformina	è	secondo	le	linea	guida	il	farmaco	di	
prima	scelta	

•  Tra	i	nuovi	farmaci	gli	SGLT-2	inibitori	hanno	dimostrato,	
sia	nei	trial	di	sicurezza	cadiovascolare,	sia	negli	studi	real	
world,	una	indubbia	efficacia	e	superiorità	nel	ridurre	le	
ospedalizzazioni	per	scompenso	cardiaco	


