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ABSTRACT

Epidemiologic and clinical data from the last 2 decades have shown that the prevalence of heart failure in
diabetes is very high, and the prognosis for patients with heart failure is worse in those with diabetes than in
those without diabetes. Experimental data suggest that various mechanisms contribute to the impairment in
systolic and diastolic function in patients with diabetes, and there is an increased recognition that these
patients develop heart failure independent of the presence of coronary artery disease or its associated risk
factors. In addition, current clinical data demonstrated that treatment with the sodium glucose cotransporter
2 inhibitor empagliflozin reduced hospitalization for heart failure in patients with type 2 diabetes mellitus
and high cardiovascular risk. This review article summarizes recent data on the prevalence, prognosis,
pathophysiology, and therapeutic strategies to treat patients with diabetes and heart failure.
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Epidemiologic and clinical data from the last 2 decades have
led to the recognition that, in addition to myocardial infarction
and other atherosclerosis-related cardiovascular events, heart
failure is a major contributor to cardiovascular morbidity and
mortality in patients with diabetes. In certain patients with
diabetes, the observation that myocardial dysfunction is pre-
sent in the absence of coronary artery disease, valvular disease,
and the sequelae of associated cardiovascular risk factors' has
led to the use of the poorly understood term “diabetic car-
diomyopathy.” This term was first used in 1972 by Rubler
et al,” describing myocardial dysfunction in patients with
diabetes in the absence of coronary artery disease, hypertro-
phy, or valvular heart disease. There is ongoing discussion
whether diabetic cardiomyopathy exists as a specific entity or
not, as considered by Ernande and Derumeaux in their review
from 2012, “Diabetic cardiomyopathy: myth or reality?*’
This ongoing discussion reflects the fact that little is
known about the pathophysiology and the underlying
molecular mechanisms of heart failure in patients with
diabetes. Only recently have clinical and epidemiologic data
demonstrated the incidence, prevalence, and prognosis of
heart failure in patients with diabetes. To date, heart failure
has been described as heart failure with preserved ejection
fraction (HFpEF) or heart failure with reduced ejection
fraction (HFrEF), according to left ventricular function. To
dichotomize heart failure into these 2 entities has certain
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limitations and probably does not cover an intermediate
stage that the most recent guidelines of the European
Society of Cardiology (ESC) termed heart failure with a
mid-range ejection fraction (HFmrEF; ejection fraction
40%-49%)." This extended definition is a first step to better
phenotyping and an improved taxonomy of heart failure.
Nevertheless, clinical and epidemiologic data, as well as
experimental data, have only focused on HFrEF and
HFpEF. Therefore, we have used these 2 entities as the basis
for the overview provided in this article.

INCIDENCE AND PREVALENCE OF HEART
FAILURE IN DIABETES

Various epidemiologic data have shown that prediabetes is
associated with a high risk of heart failure and suggest an age-
adjusted hazard ratio (HR) between 1.2 and 1.7 in different
populations of patients with impaired fasting glucose,®
although not confirmed in all studies.” A large community-
based cohort study of 6814 subjects without coronary vascular
disease at baseline was followed for 4 years, and the incidence of
heart failure, depending on the presence of metabolic syndrome,
was analyzed.® This study showed that features of metabolic
syndrome are associated with an increased risk of heart failure,
with two-thirds of patients developing HFtEF. The risk of
developing heart failure in subjects with “prediabetes” is lower
than in subjects with manifest diabetes.”

A retrospective cohort study analyzed data from the
Kaiser Permanente Northwest database of 8231 patients
with diabetes, none of whom had HF at baseline, and 8845
matched subjects without diabetes; the follow-up period was
up to 6 years.” Incident heart failure was 30.9 per 1000
person-years in subjects with diabetes and 12.4 per 1000
person-years in subjects without diabetes.” Similar results
were found in the Heart and Soul study, which showed a
doubling of the risk of incident heart failure in patients with
diabetes compared with subjects without diabetes in a
population of 839 patients with stable coronary artery dis-
ease and no signs of heart failure at baseline.'® However,
neither study differentiated between HFrEF and HFpEF.

Prevalence of prediabetes and diabetes is high among
patients with heart failure and proves as a relevant predictor of
prognosis. Data from Matsue et al'' suggest that more than one-
third of patients who are hospitalized for heart failure without a
diagnosis of diabetes exhibit impaired fasting glucose or
impaired glucose tolerance. As they discuss, more recent data
from various registries show that the prevalence of diabetes in
patients with heart failure ranges from approximately 25% to
40%, depending on the population studied.'' Again, none of
these studies differentiated between HFrEF and HFpEF.

PROGNOSIS OF PATIENTS WITH DIABETES AND
ESTABLISHED HEART FAILURE

The most meaningful clinical endpoints for prognosis in
patients with heart failure are mortality and hospitalization
for heart failure. The risk for these endpoints is markedly

increased in subjects with diabetes compared with those
without diabetes. The Danish Investigations of Arrhythmia
and Mortality on Dofetilide (DIAMOND) study assessed the
influence of diabetes on the risk of death in 5491 patients
hospitalized with congestive heart failure when followed up
for 5 to 8 years.'” In this study population 16% of patients
had diabetes at baseline, and approximately 50% had an
ejection fraction <35%, suggesting that both HFrEF and
HFpEF were present in this subpopulation.'? Crude mortality
analyses suggested a 1-year mortality of 31%, much higher
than in subjects without diabetes, and 50% of all heart failure
patients with diabetes died after 3 years. Additional data on
the prognosis of patients with diabetes and established heart
failure came from large heart failure trials, such as the Sur-
vival And Ventricular Enlargement (SAVE) trial,"*"'* the
Valsartan in  Acute Myocardial Infarction Trial
(VALIANT),"” and the Candesartan in Heart Failure—
Assessment of Reduction in Mortality and Morbidity
(CHARM) trial.'® All of these trials showed an increased risk
of death in men and women with diabetes. For example, in
CHARM, which analyzed the effect of candesartan versus
placebo in a population with HFrEF and HFpEF, it was
shown that both men and women with diabetes exhibited a
higher risk of cardiovascular death or hospitalization for
heart failure compared with subjects without diabetes, with a
cumulative incidence rate of approximately 40% over 3
years.'® Further differentiated analyses in patients with or
without diabetes and HFpEF or HFrEF showed that the
highest mortality or hospitalization for heart failure risk
occurred in patients with diabetes and low ejection fraction
(ie, HFrEF), followed by patients with diabetes and
HFpEF.'® The cumulative incidence rate of cardiovascular
death and heart failure hospitalization in subjects with dia-
betes plus HFpEF was similar to that in subjects without
diabetes but with HFtEF. A similar trend was true for all-
cause mortality. In patients with diabetes, cardiovascular
mortality was 58.6 per 1000 patient-years in those with
HFpEF and 119.1 per 1000 patient-years in those with a low
ejection fraction (ie, HFEF). Similarly, in patients with
diabetes, the risk for first hospital admission for heart failure
was 116.6 per 1000 patient-years for those with HFpEF,
whereas the rate was 155.4 per 1000 patient-years for those
with HFtEF.'® Compared with subjects without diabetes, the
risk of hospitalization for heart failure was almost doubled in
patients with diabetes independent of HFpEF or HFrEF.'®
Consequently, among patients with HF, those with diabetes
have a higher risk of mortality and hospitalization for HF
than those without diabetes.

STRUCTURAL AND FUNCTIONAL
CHARACTERISTICS OF CARDIAC DYSFUNCTION IN
DIABETES

Structural Changes
Imaging studies have revealed left ventricular concentric
remodeling as a relevant characteristic of diabetic
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