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REVIEW

Anti-Diabetic Agents and Heart Failure
— Response to the CARMELINA Study —

Motoaki Sano, MD, PhD

According to cardiovascular outcome trials, some anti-diabetic drugs can improve cardiovascular outcomes in patients with type 2
diabetes. Sodium glucose cotransporter 2 inhibitors (empagliflozin, canagliflozin, and dapagliflozin) have a strong preventive effect
on both hospitalization for heart failure and the decline in kidney function in patients with type 2 diabetes, while glucagon-like
peptide-1 receptor agonists, especially human glucagon-like peptide-1 receptor agonists (liraglutide, semaglutide, and albiglutide),
suppress arteriosclerotic diseases (stroke and myocardial infarction). Using these medications in combination could possibly prevent
both hospitalization for heart failure and arteriosclerotic events. Dipeptidyl peptidase 4 (DPP-4) inhibitors are preferentially used as
add-on therapy for type 2 diabetes. Cardiovascular outcome trials conducted so far suggest that DPP-4 inhibitors (sitagliptin,
alogliptin, and saxagliptin) do not promote arteriosclerotic disease, but there may be a difference between these drugs with regard
to safety for heart failure. Previous cardiovascular outcome trials have mainly focused on type 2 diabetes patients with established
cardiovascular disease. In contrast, the CARMELINA study investigated the cardiovascular safety of linagliptin, a DPP-4 inhibitor, in
patients with type 2 diabetes and kidney dysfunction.
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2 diabetes mellitus

are to allow patients to live their daily lives like

healthy persons and to achieve a normal lifespan,
with good glycemic control merely being one of the methods
for achieving these objectives. To achieve these treatment
goals, it is important to avoid progression to end-stage
renal disease or dialysis and to prevent the onset and
progression of macroangiopathy that leads to complications
such as angina pectoris, myocardial infarction, cerebro-
vascular disease, and arteriosclerosis obliterans.

Patients with diabetes have an elevated risk of developing
heart failure (HF). According to recent clinical studies on
cardiovascular outcomes in diabetes, HF is a more frequent
complication than myocardial infarction or stroke.!3 In
patients with diabetes, HF impairs the quality of life* and
is the morbidity most directly linked to death.> HF is a
disease in which shortness of breath and peripheral edema
occur, owing to poor cardiac function, and it progresses
gradually, shortening the lifespan. If patients have had
diabetes for a long time, they often also have organic or
functional cardiac impairment. Even if patients do not
have ischemic heart disease or left ventricular hypertrophy
secondary to hypertension, diastolic function is generally
reduced due to diabetic cardiomyopathy. Considering that
the 5-year survival rate of patients with diabetes complicated
by HF is only 20%, while that of general HF patients is

T he main objectives of diabetes mellitus treatment

50%, diabetes associated with HF has an extremely poor
prognosis.

Therefore, to improve the quality of life and prognosis
of patients with diabetes, it is not only essential to prevent
end-stage renal disease and suppress macroangiopathy
(myocardial infarction and stroke), but also to ensure that
the therapeutic strategy takes the potential impact on HF
into account. In this context, the recent availability of new
classes of anti-diabetic agents has led to suggestions that
treatment of diabetes should be reconsidered.

These new agents include glucagon-like peptide-1 receptor
agonists,%” which are reported to suppress the onset and
progression of macroangiopathy, and sodium glucose
cotransporter 2 (SGLT2) inhibitors that improve hard
renal endpoints (composite of dialysis/renal transplantation,
doubling of serum creatinine, and renal death/cardiovas-
cular death) and prevent hospitalization due to HF.

SGLT2 Inhibitors

In patients with diabetes, the kidneys (especially the
glomeruli and proximal tubules) are under severe stress.
SGLT?2 inhibitors prevent excessive sodium reabsorption
in the proximal tubules, restoring the tubuloglomerular
feedback mechanism and thus correcting glomerular hyper-
tension and glomerular hyperfiltration.® This mechanism is
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Figure 1.

on the heart and the risk of HF.

In type 2 diabetes, (A) renal stress increases the risk of heart failure (HF) by excessive activation of the sympathetic
nervous system (SNS), while (B) SGLT2 inhibitors alleviate renal stress and suppress SNS overactivation. Stress on the kidneys
not only causes renal impairment, but also increases the risk of HF by SNS activation. Sodium and water retention by the kidneys
increases cardiac preload, while hypertension and vascular dysfunction increase afterload. In addition, tachycardia reduces the
stroke volume and leads to diastolic dysfunction. These hemodynamic changes increase the risk of HF. Sodium glucose cotrans-
porter 2 inhibitors (SGLT2i) alleviate renal stress and thus suppress overactivation of the SNS, reducing hemodynamic overload

supported by detection of an initial dip in the estimated
glomerular filtration rate (¢GFR) as early as 4 weeks after
the start of SGLT?2 inhibitor therapy. Oxygen consumption
by epithelial cells in the proximal convoluted tubules is
increased due to reabsorption of excess glucose, which
reduces the partial pressure of oxygen in the kidney cortex.
The exhausted proximal convoluted tubular epithelial cells
are rested by SGLT?2 inhibition, allowing restoration of the
tubulointerstitial environment.> ! The CREDENCE study
examined the effect of canagliflozin vs. placebo on hard
renal endpoints in diabetic patients with overt albuminuria
and reduced eGFR, and it was terminated early due to
positive findings.

When the kidneys are affected by glomerular/tubular
stress due to excessive reabsorption of sodium and glucose
in the proximal tubules, it is thought that the afferent renal
nerves send signals to the brain, which provoke systemic
activation of the sympathetic nervous system (SNS). The
result is increased reabsorption of sodium and water by the
kidneys, along with vasoconstriction, a higher pulse rate,
and elevation of the blood pressure. This loss of homeostasis
leads to hemodynamic imbalance that increases the cardiac
workload and the risk of HF. By alleviating stress on the
kidneys, SGLT?2 inhibitors suppress overactivation of the
SNS and reduce hemodynamic stress on the heart, thus
preventing hospitalization due to HF. The unique finding
of heart rate reduction after initiation of SGLT 2 inhibitor
therapy in patients with type 2 diabetes is evidence that
these drugs suppress systemic overactivation of the SNS by
alleviating stress on the kidneys.!? SGLT?2 inhibitors reduce
the heart rate in diabetic patients with a rapid resting heart
rate, decreasing it by approximately 10 beats/min when the
resting heart rate is >80beats/min. In contrast, SGLT2
inhibitors do not reduce the heart rate in patients with a
resting rate of around 60beats/min. These data suggest
that the renoprotective effect of SGLT?2 inhibitors is linked
to their preventive effect on HF (Figure 1).

DPP-4 Inhibitors

It has been estimated that dipeptidyl peptidase 4 (DPP-4)
inhibitors are prescribed for >60% of the patients using
anti-diabetic agents in Japan. In the kidneys, DPP-4 is
expressed by tubular luminal cells of the proximal tubules,!3
and it forms a complex with Na+/H+ exchanger 3 (NHE3)
that is involved in sodium reabsorption. Inhibition of
DPP-4 in tubular luminal cells also blocks the action of
NHE3 and suppresses sodium reabsorption, resulting in
the promotion of sodium diuresis. In order to inhibit
DPP-4 in the tubular luminal cells, however, it is necessary
for a DPP-4 inhibitor to be excreted in the primitive urine
as the active compound, and the urinary excretion rate of
the active compound varies substantially between these
drugs. Urinary sodium excretion is significantly increased
by sitagliptin, which is excreted in the urine.!s In the TECOS
study, eGFR was decreased as early as 4 weeks after the
start of sitagliptin treatment only in patients with baseline
eGFR >90mL/min/1.73m2.1¢ When ambulatory blood
pressure monitoring was performed before and after 5 days
of treatment with sitagliptin or placebo, significant reduc-
tion of blood pressure by sitagliptin was seen.!” In patients
with a 10-year duration of diabetes, mean eGFR=75mL/
min/1.73m?, and mean albumin/creatinine ratio (ACR)=10,
different results were obtained by the TECOS study of
sitagliptin (excreted in the urine)'® and the SAVOR study
of saxagliptin (not excreted in the urine).! Although both
sitagliptin and saxagliptin did not increase cardiovascular
mortality or cardiovascular events (myocardial infarction
and stroke), saxagliptin significantly increased hospital-
ization for HF by 1.28-fold (95% CI: 1.07-1.51). It was
reported that the elevated risk of HF associated with saxa-
gliptin therapy was abolished in patients using S-blockers,
confirming that activation of the SNS by DPP-4 inhibition
increases the risk of HF .20 Based on these observations, the
following hypothesis can be proposed for the mechanism
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underlying the difference in HF risk between sitagliptin
and saxagliptin. DPP-4 inhibitors tend to increase the risk
of HF by SNS activation as a class effect, but sitagliptin
may not have done so because it inhibits NHE3 activity in
the proximal tubules after excretion in the urine. In contrast,
saxagliptin is not excreted in the urine and it increased
hospitalization for HF, reflecting the class risk of DPP-4
inhibitors.?!

CARMELINA Study

The risk of HF is elevated in patients with type 2 diabetes
and renal dysfunction or increased urinary albumin
excretion.?? The results of the CARMELINA study were
presented at the recent conference of the European Asso-
ciation for the Study of Diabetes (October 2018, Berlin).
That study assessed the cardiovascular safety of using
linagliptin, a DPP-4 inhibitor that is not excreted in the
urine, to treat patients with a high risk of HF (15-year
duration of diabetes; mean eGFR, 50mL/min/1.73m?;
mean ACR, 160). Linagliptin can be given at identical
doses regardless of kidney/liver function because it under-
goes minimal metabolism in the liver and is mainly
excreted in the bile as the unchanged compound. The
primary efficacy endpoint of the CARMELINA study was
the “time to first occurrence of cardiovascular death,
non-fatal myocardial infarction or non-fatal stroke (3-point
MACE),” but because it had already been announced that
safety was confirmed, attention focused on the composite
renal endpoint (a secondary endpoint) and the influence of
linagliptin on hospitalization for HF. Based on the data
presented, linagliptin was equivalent to placebo with

respect to its influence on HF and the renal prognosis in
patients with kidney dysfunction. It should be noted that
concomitant use of SGLT2 inhibitors was not allowed in
the CARMELINA study.

TECOS and SAVOR vs. CARMELINA

These three studies were conducted in very different patient
populations. While TECOS and SAVOR enrolled patients
with a 10-year duration of diabetes, mean eGFR, 75mL/
min/1.73m?;, and mean ACR, 10, the CARMELINA study
targeted patients with a 15-year disease duration, mean
eGFR, 50mL/min/1.73m2; and mean ACR, 160, who had
a high risk of developing HF (Figure 2).22 Thus, of the
DPP-4 inhibitors with confirmed safety for patients who
have diabetes and cardiovascular disease including HF,
sitagliptin can be used when kidney function is normal, and
linagliptin is preferable for patients who have progressed
to stage I1Ib chronic kidney disease.

Hospitalization for HF and death were respectively
3-fold and 2-fold more frequent in the CARMELINA study
than in the TECOS study. Why did linagliptin, a DPP-4
inhibitor that is not excreted in the urine and has a neutral
renal composite endpoint, not increase hospitalization for
HF in patients with a high risk of HF? Given that SNS
activation associated with chronic kidney disease has a
significant impact in patients with kidney dysfunction,? it
is possible that the potential (weak) sympathetic activating
effect of DDP-4 inhibitor therapy was masked. In fact,
stratified analysis of hospitalization for HF in the SAVOR
study indicated disappearance of the elevated risk of HF
associated with saxagliptin in patients with a long duration
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of diabetes, high ACR, or no use of metformin (probably
due to renal dysfunction). Accordingly, it is speculated that
activation of the SNS by DPP-4 inhibition is relatively weak
in patients with renal dysfunction, such as those targeted
in the CARMELINA study. Also, the risk of hospitalization
for HF as an adverse event becomes less visible vs. placebo
in patients with a high risk of developing HF.

Use of insulin is more likely in diabetic patients with
impaired renal function, but insulin activates the SNS and
also promotes fluid retention. It is possible that treatment
with linagliptin led to reduction of the insulin dosage, thus
lowering the risk of HF. Alternatively, in the patients with
eGFR <45, linagliptin may have protected the kidneys via
a different mechanism to its natriuretic effect mediated by
NHE 3 inhibition,?*2?5 thus reducing the risk of HF.

Conclusions

Publication of the EMPA-REG OUTCOME study on
SGLT?2 inhibitor therapy?¢ led to proactive participation
in the treatment of diabetes by cardiologists for the first
time in 10 years since the PROactive study of pioglitazone.?’
In addition, it led them to recognize anew that renal
metabolic stress in patients with diabetes leads to loss of
homeostasis and hemodynamic imbalance, increasing the
risk of HF. Development of SGLT?2 inhibitors has provided
the opportunity to discuss treatment of diabetes from the
perspective of both the nephrologist and the cardiologist.
For HF, we have also reached the stage where drugs
should be selected from among several treatment options
according to the pathogenesis and stage, while seeking
advice about multimodal therapy from specialists in diabetes,
endocrinology, and metabolism, as well as nephrologists.
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