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Abstract
Impaired glucose metabolism and diabetes are both very common in HF, and associated with worse functional status and
prognosis. More lenient rather than strict glycaemic control is advised in patients with HF. In patients with diabetes and HF
glycaemic control should be implemented gradually and moderately, giving preference to those drugs that have been shown to be
safe and effective. SGLT2 inhibitors improve CV  outcomes and reduce the risk of hospitalisations for heart failure, and are as a
result the preferred glucose-lowering agents in T2DM patients at risk for, or with, established HF. Metformin is considered safe in
HF with diabetes and is a preferred agent for glycaemic control in this setting. Sulfonylurea treatment seems to be associated with
a higher risk of HF hospitalisation and is not indicated in patients with heart failure. GLP-1 receptor agonists have been proven to
reduce macrovascular end points in patients with type II diabetes, however, they seem at most ineffective in patients with HF with
reduced ejection fraction, and are not therefore the preferred agents in this patient population. DPP-4 inhibitors (gliptins) have only
a limited effect on glucose control and no benefit on cardiovascular events and therefore do have compelling arguments for use in
HF patients with type 2 diabetes.
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Introduction

Impaired glucose metabolism and diabetes are very common
in heart failure (HF), and diabetes is associated with poorer
functional status and worse prognosis in patients with HF.
Glucose control improves microvascular, and to a certain
extent also macrovascular complications in diabetic patients.
However, whether strict glycaemic control adds benefits greater
than its risks compared to more lenient glycaemic control in
improving the risk of cardiovascular (CV) events in patients with
HF is uncertain. Amongst untreated diabetic patients with HF
a higher Hemoglobin A1c (HbA1c) is associated with a greater
risk of future CV events. However, this is not the case once
treatment for diabetes has been implemented. Furthermore,
observational data suggest that aggressive glucose control is
associated with an increased risk of events in diabetic patients
with heart failure. In patients with diabetes and HF glycaemic
control should be implemented gradually and moderately,
giving preference to those drugs that have been shown to be
safe and effective.[1]

It is well known that in diabetic patients with HF, insulin and
glucose-lowering agents that cause sodium retention increase
the risk of worsening HF and hospitalisation.
In the past decade a new wave of glucose lowering agents has
become available for the management of diabetes and much
new data on their long-term safety has become more recently
available.  For some of these drugs conflicting results have been
reported, for some others the safety profile in HF has not been
adequately characterized whilst for others a significant benefit in
preventing HF has been suggested.

Metformin

The glucose lowering mechanism of metformin is predominantly
due to a decrease in hepatic glucose production. Therefore,
these drugs do not directly affect insulin sensitivity. Metformin
is at the present the only available biguanide and it has been
developed in an era when it was supposed that glucose lowering
per se would be safe and have beneficial effects on CV outcome,
so that only evidence of hypoglycaemic efficacy was deemed
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necessary if standard safety signals had been excluded.
Therefore, there are no large randomised trials available on the
CV safety and efficacy of metformin. The only randomised trial
with metformin in patients with new onset of diabetes was the
UK Prospective Diabetes Study (UKPDS) 34.[2] The study found
a significant reduction in CV outcomes with metformin compared
to sulfonylureas and insulin in obese diabetic patients. Cohort
studies [3] reported a superiority on HF outcomes of metformin
over sulfonylureas or glitazones. Subsequently, meta-analyses
reported a superiority of metformin over other glucose lowering
drugs in reducing cardiovascular events and heart failure in an
unselected population of diabetic patients.
Heart failure had long been considered a contraindication for the
use of metformin because of concerns regarding an increased
risk of precipitating lactic acidosis. However, cohort studies
assessed the effect of metformin in patients with HF treated with
metformin and did not find a significant risk.  A meta-analysis of
most of the available studies included 34,000 diabetic patients
with heart failure.[4] Metformin was found to reduce by 20% the
relative risk of worsening heart failure and death compared to
other glucose lowering drugs. Two studies that have investigated
the effect of metformin in patients with heart failure found a nonsignificant trend towards a beneficial effect of metformin.[5,6]
Kidney dysfunction is a relative contraindication for metformin
as it reduces the renal elimination of the drug. However, Aguilar
et al. found that in patients with HF and diabetes there was no
interaction between kidney function and outcomes. Instead they
found a clear trend for beneficial effects of metformin especially
in patients with a  glomerular filtration rate <60.[5]
As mentioned above for the reason that metformin has been
developed more than 30 years ago proper randomised studies on
its safety and efficacy in patients with, or at high risk to develop,
HF are lacking. It is fair to conclude, however, that with the large
number of patients included in retrospective cohort studies, no
evidence of safety concerns in those patients at risk for HF has
been seen.

Sulfonylureas in HF

Like biguanides, the cardiovascular safety of sulfonylureas has
never been prospectively tested. Available cohort studies with
this class of drugs are heterogeneous and have shown neutral
or increased CV event rates in diabetic patients. The situation
with sulfonylureas is more complicated than for metformin, since
several sulfonylureas have become commercially available.
There are no specific studies investigating patients with HF and
diabetes. Therefore, the knowledge on the effect of this class of
drugs is deduced from unselected cohorts of diabetic patients
who developed heart failure.
A recent propensity score matched analysis of 130,000 patients
found an inferiority of sulfonylureas in direct comparison to
metformin users with respect to HF hospitalization rates.[7] In
this unselected cohort of diabetic patients, the hospitalisations
for heart failure were significantly increased by sulfonylurea
treatment. In another analysis in more than 300,000 diabetic
patients [8] a similar risk of heart failure was found for
sulfonylureas and acarbose compared to an increased risk
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with glinide treatment. Prevalent HF in this study was rare
and even cardiac co-morbidity was less than 20%. A third
cohort study [9] including nearly 500,000 patients reported
an increased risk for HF hospitalisations with sulfonylureas
and insulin compared to non-users, and a decreased risk for
glitazones, gliptins and metformin.
Therefore, in unselected diabetic cohorts sulfonylurea treatment
seems to be associated with a higher risk of HF hospitalisation
compared to metformin, gliptins or glitazones and a similar risk
compared to insulin or acarbose. Due to the complete lack of
data in diabetic patients with HF, and considering the signals
of an increased risk for HF, sulfonylureas are not indicated in
patients with heart failure.

DPP-4 inhibitors

The DPP-4 inhibitors (gliptins) stimulate insulin secretion by
increasing plasma levels of incretins.[10] Three large scale
randomized clinical trials have been performed to assess the CV
safety of DPP-4 inhibitors to date. These studies were designed to
demonstrate non-inferiority of these molecules against placebo
and recruited diabetic patients at increased CV risk. All DPP-4
inhibitors outcome trials met the primary composite endpoint
of non-inferiority versus placebo (combinations of CV death,
non-fatal MI, non-fatal stroke etc.). It is important to remind
ourselves, however, of the purpose of a non-inferiority end-point.
If we are comparing a new treatment with established therapy
we may be comfortable knowing we can exclude the fact that
the new drug is significantly worse than established treatment
within a pre-set limit, if for example it had other advantages,
in tolerability or price for example. If the comparator in a noninferiority trial is placebo, however, all we can say with a positive
trial is that the new drug is no worse than placebo (or nothing!).
This would only be acceptable to guide clinical use if some
other worthwhile benefit had been shown, and if that is merely
a reduction in glucose levels with no outcome benefits, this may
not be convincing enough to adopt the new drug into clinical
practice. The primary end-points of these three trials therefore
merely show that these drugs have a small glucose lowering
effect and are not worse than placebo in reducing CV events.
Indeed they were not shown to be significantly better either. In
the three trials although major cardiac events were not different
to placebo, the incident hospitalization rates for HF differed.
The Saxagliptin Assessment of Vascular Outcomes Recorded
in patients with diabetes mellitus - Thrombolysis In Myocardial
Infarction 53 (SAVOR-TIMI 53) [11] studied 16,492 patients with
type 2 diabetes with or at risk for CV events for a median of 2.1
years. The primary end point (the composite of CV death, MI,
or ischemic stroke) did not differ (1.00; 95% CI, 0.89 to 1.12;
P=0.99 for superiority; P<0.001 for non-inferiority), however, a
statistically significant 27% increase in hospitalisation for HF was
observed in the patients randomised to saxagliptin as compared
to placebo (3.5% vs 2.8%; p=0.007). The alogliptin in Examination
of Cardiovascular Outcomes vs Standard of Care in Patients with
Type 2 Diabetes and Acute Coronary Syndrome (EXAMINE) trial
assessed 5,380 patients with type 2 diabetes and either an AMI
or unstable angina requiring hospitalization within the previous
15 to 90 with non-inferiority primary end point of the composite
of CV death, nonfatal MI, or nonfatal stroke.[12] The primary (HR,
0.96; P<0.001 for non-inferiority) showed neither risk nor benefit
on the background of a mean difference of −0.36 percentage
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points in glycated Hb. (P<0.001). However there was a nonsignificant increased risk of hospitalisations for HF with alogliptin
(HR 1.19; 95% CI 0.90-1.58) in the same direction as that seen
with saxagliptin. The Trial Evaluating Cardiovascular Outcome
with Sitagliptin (TECOS) [13] randomised 14,671 type 2 diabetics
aged at least 50 and with established CV disease for a median
follow-up of 3.0 years, leading to a small average difference in
glycated hemoglobin levels of −0.29 percentage points. The
primary outcome (the composite of CV mortality, nonfatal MI,
nonfatal stroke, or hospitalization for unstable angina) did not
differ (HR, 0.98) and in this case the rate of hospitalization for
heart failure also did not differ between the two groups (HR, 1.00;
95% CI, 0.83 to 1.20; P=0.98).
Meta-analyses of the 3 randomised controlled studies
consistently reported an increased risk of HF hospitalisations
with DPP4is as a group, even thought he three individual trials
differed in this regard.   The US FDA released a drug safety
communication about the potential increase in the risk of HF
with saxagliptin and alogliptin but not with sitagliptin.[14-15]
Such heterogeneous results raised concerns of increased HF
hospitalization risk for DPP-4 inhibitors as a whole as stated
in 2016 ESC HF guidelines.[1] The Cardiovascular and Renal
Microvascular Outcome Study with Linagliptin in patients with
type 2 diabetes (CARMELINA) [16] was significant for noninferiority against placebo on MACE but also showed no benefit
in any other CV end-point including hospitalisations for heart
failure. The Cardiovascular Outcome Study of Linaglitpin versus
Glimepiride in Patients with Type 2 Diabetes (CAROLINA) [17]
will help address the differences in CV risk of the two drugs.
However, this is a class of drug with only a limited effect on
glucose control and no difference to placebo with regard to
cardiovascular events does not appear to have compelling
arguments for use in HF patients with type 2 diabetes. Given
the high cost of these medications it is difficult to justify their
clinical use in this regard.

SGLT-2 inhibitors in HF

SGLT-2 inhibitors are glucose lowering drugs that block the
SGLT-2 receptors in the proximal tubule of the kidney, thus
leading to increased urinary glucose excretion along with sodium.
[18-19] Three SGLT-2 inhibitors - canagliflozin, dapagliflozin,
and empagliflozin - have been approved for the treatment of
T2DM by regulatory agencies in Europe and United States.
Recently three landmark trials reported that SGLT-2 inhibitors
demonstrated remarkable improvements in CV outcomes
especially hospitalisation for HF in patients with T2DM, beyond
lipid lowering.
The Empagliflozin Cardiovascular Outcome Event Trial in Type
2 Diabetes Mellitus Patients Removing Excess Glucose (EMPAREG OUTCOME) [20] randomised 7,020 patients with T2DM and
established CV disease to receive 10 mg or 25 mg of empagliflozin
or placebo once daily. After a median observation time of 3.1
years, empagliflozin (pooled 10 mg and 25 mg doses) showed
a significant 14% relative risk reduction (RRR) in the primary
composite endpoint of CV death, nonfatal myocardial infarction
or nonfatal stroke. Moreover empagliflozin significantly reduced
death from CV causes, death from any cause and hospitalisation
for HF by 38%, 32% and 35% respectively. Empagliflozin was
also associated with slower progression of renal disease than was
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placebo.[21] Post-hoc analysis of the EMPA-REG OUTCOME
trial demonstrated that empagliflozin reduced HF hospitalisation
and CV death consistently in patients with, and without baseline
HF.[22]   The Canagliflozin Cardiovascular Assessment Study
(CANVAS) Program, integrated data from two trials involving
a total of 10,142 participants with T2DM and high CV risk.[23]
Participants were randomised to canagliflozin or placebo and
after a mean follow-up of 188.2 weeks canagliflozin showed
a significant 14% RRR in the primary composite endpoint of
CV death, nonfatal myocardial infarction, or nonfatal stroke.
Canagliflozin significantly reduced the risk of hospitalisation for
HF and a renal composite outcome by 33% and 40% respectively.
The study reported however a disturbing increase in amputations
in patients receiving canagliflozin.
More recently the Dapagliflozin Effect on CardiovascuLAR Events
study (DECLARE) evaluated 17,160 patients, of which 10,186
without atherosclerotic cardiovascular disease for a median of
4.2 years.[24] In the primary outcome analysis, dapagliflozin met
the prespecified criterion for noninferiority to placebo. In the two
primary efficacy analyses, dapagliflozin did not reduce significantly
MACE (8.8% vs 9.4%; hazard ratio, 0.93; 95% CI, 0.84 to 1.03;
P=0.17) but did show a 17% lower rate of cardiovascular death
or hospitalization for heart failure (4.9% vs. 5.8%; hazard ratio,
0.83; 95% CI, 0.73 to 0.95; P=0.005). The rate of hospitalization
for heart failure was reduced by 27% (HR 0.73; 95% CI, 0.61 to
0.88). Renal events were reduced by 14% by dapagliflozin (HR,
0.76; 95% CI, 0.67 to 0.87). Therefore, the study demonstrated a
significantly lower rate of cardiovascular death or hospitalization
for heart failure in a population with a baseline risk lower than that
of patients included in EMPA-REG and CANVAS.
The effect on HF hospitalisation was not among elements of
composite primary endpoint in the EMPA-REG OUTCOME and
CANVAS trials but it was in DECLARE where it was specifically
adjudicated. Importantly these three trials showed early, marked
and sustained benefit with STGL2i in terms of HF hospitalisation.
This class of drugs seems to have, beyond glucose lowering,
several important haemodynamic, neurohumoral, renal, metabolic
and vascular favourable effects which might have contributed
to positive outcomes. The increased risk of amputation, bone
fractures and volume depletion with canagliflozin is a concern
that relates only to this compound.
The positive findings of these trials suggest a class effect of SGLT2 inhibitors [38] at least for HF and renal related outcomes. This
is supported by the findings of CVD-REAL study which assessed
real-life data of 309,056 patients with T2DM across 6 countries.
[25]. Compared with other T2DM agents, SGLT-2 inhibitors were
associated with 39% RRR of HF hospitalisation and 51% RRR
of death from any cause. The reduction in CV MACE end-points
seen with two agents may not be a class effect as it was not seen
with Dapagliflozin.  As this class of agent improves CV outcome
and reduces the risk of hospitalisations for heart failure, SGLT2 inhibitors should be the preferred glucose-lowering agents in
T2DM patients at risk for, or with, established HF.

Glucagon-like peptide 1 (GLP-1) receptor agonists and
the risk of HF

Glucagon-like peptide 1 (GLP-1) has a number of physiological
effects. The main effect is stimulating glucose-dependent insulin
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release from the pancreatic islets but it also inhibits inappropriate
post-prandial glucagon release and reduces food consumption.
[26] The GLP-1 receptor agonists have been tested in large
outcomes trials in patients with type II diabetes mellitus. The
ELIXA trial which enrolled 6,068 patients within 180 days of an
acute coronary syndrome, showed that the GLP-1 receptor
agonist lixisenatide did not increase the risk of hospitalisation for
HF (HR 0.96, 95%CI 0.75-1.23, p=0.75).[27], but it also failed to
reduce the primary endpoint of the trial (a composite of CV death,
myocardial infarction, stroke or hospitalisation for unstable
angina), so it was a neutral trial.

that the ultralong-acting insulin degludec was non-inferior to
glargine with respect to the incidence of major cardiovascular
events. Nevertheless, hospitalization for HF was not included in
the primary composite outcome and was also not a secondary
end-point in this trial. Although current data suggest mostly
neutral effects of insulin therapy on HF outcomes, future clinical
trials are needed to address the therapeutic benefits of these
agents. Insulin should be, however, avoided as much as possible
in patients with heart failure because of the risk of precipitating
HF hospitalization, and the lack of clear evidence of benefit in
terms of major CV outcomes in HF patients.

In contrast, the LEADER trial that included 9,340 diabetic
patients showed that liraglutide reduce the primary composite
endpoint of CV death, myocardial infarction or stroke by 13%.
[28] The study failed to show a significant reduction in the risk
of hospitalisation for HF (HR=0.87, 95%CI 0.73-1.05, p=0.14).
Similarly, in SUSTAIN-6, a shorter trial of 2.1 years including
3,297 diabetic patients, the rate of HF hospitalisation was
not reduced by the once weekly GLP-1 receptor agonist
semaglutide (HR=1.11, 95%I 0.77-2.78, p=0.57) (29), despite
a significant reduction in the primary end-point (composite of
CV death, nonfatal MI, or nonfatal stroke) (HR, 0.74; 95% CI,
0.58 to 0.95, p<0.02 for superiority), despite it being formally a
non-inferiority trial.

Conclusions

In the LIVE trial 241 patients with heart failure and an ejection
fraction of ≤45% (30% had type II diabetes mellitus) were
randomised to liraglutide or placebo for 24 weeks.[30] No change
in left ventricular ejection fraction between the two groups was
detected, heart rate increased in the liraglutide group. Serious
adverse cardiac events were statistically significantly higher
in the liraglutide group casting some clouds over the safety
of these drugs in patients at increased risk, or with diagnosed
heart failure. Therefore, GLP-1 receptor agonists have been
proven to reduce macrovascular end points in patients with type
II diabetes, however, they seem at most ineffective in patients
with HF with reduced ejection fraction, and are not therefore the
preferred agents in this patient population.

Insulin and the risk of heart failure

Insulin increases sympathetic activity and Na retention.
Therefore, it is theoretically detrimental for patients with heart
failure. The anti-natriuretic effect of insulin is evident even in
physiological concentrations[31], and the sodium-retaining
effect of insulin on the kidney is not affected by insulin resistance
existing in other tissues.[32] Fluid retention caused by insulin
may contribute to weight gain, and may lead to worsening of
HF. Insulin may also cause hypoglycemia which has been
associated with poor CV outcomes, including HF. The CHARM
trial suggested higher risk of HF and worse outcomes in heart
failure patients on insulin compared to those using oral glucoselowering agents.[33] The UKPDS trial [34] did not find any
significant difference in the incidence of HF between patients
receiving insulin or sulphonylureas. The ORIGIN trial [35] in 12,537
patients with different levels of altered glucose metabolism and
CV risk factors randomized to basal insulin glargine or control,
showed no differences in cardiovascular outcomes, including
HF hospitalization, but was comparing insulin glargine with other
anti-diabetic medication, some of which have subsequently been
shown to increase the risk of HF. The DEVOTE trial [36] found

Glucose lowering agents may increase the risk of cardiovascular
events especially when a tight glycaemic control strategy is
pursued. After the withdrawal of Rosiglitazone, a thiazolidinedione,
from the European market because of an increased risk of CV
events including heart failure, the negative effect of glucose
lowering agents in patients with HF or at increased risk of HF has
become more evident.
Therefore, glucose lowering treatment should be carefully
evaluated and gradually implemented in diabetic patients with
HF and in patients at increased risk of developing heart failure. In
the management of diabetic patients with HF preference should
be given to drugs that have been shown to be safe and effective.
Metformin can be safely used in diabetic patients with HF but
caution should be exerted in patients with impaired renal function.
Sulphonylureas may increase the risk of worsening HF, possibly
related to hypoglycaemia and, therefore, should be avoided
Metiglinides and insulin may induce water retention and should
be used with caution in patients with HF. Alpha glucosidaseinhibitors are devoid of any effect on insulin, water and Na retention,
and are safe to use in patients with HF. Thiazolidinediones are
increase the risk of HF worsening and hospitalisations from HF
and they are contraindicated in patients with HF. DPP-4 inhibitors
have a small effect on glucose control especially given their high
cost. As there remain are doubts concerning their safety in HF,
they should not be routinely used in patients with heart failure.
GLP-1 receptor agonists seem to be safe to use in patients with
HF. There is ample evidence to support the use of SGLT-2 as a
class as the drugs of choice for the treatment of diabetes mellitus
in patients with heart failure.
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