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Abstract

Patients with diabetes are at an increased risk of cardiovascular disease (CVD), including atherosclerotic CVD and heart failure. In addition,
diabetes is associated with a higher risk of developing chronic kidney disease, which is considered to be one of the strongest risk factors for
CVD and mortality. To address the increased cardiovascular risk of patients with diabetes, dedicated screening strategies for CVD are necessary;
conversely, screening for diabetes needs to be performed in all patients with CVD to allow timely identification. Once diabetes is diagnosed,
rapid implementation of treatment with therapies to reduce cardiovascular risk on top of standard of care is necessary. This review gives an
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overview of contemporary therapeutic strategies to reduce cardiovascular risk in patients with type 2 diabetes.
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Patients with diabetes are at increased risk of cardiovascular disease
(CVD) and the presence of diabetes is associated with a two- to three-fold
increase in cardiovascular (CV) events!

Type 2 diabetes (T2D) is the most frequent presentation of diabetes and
accounts for 90% of all cases. It is characterised by hyperglycaemia
resulting from tissue insulin resistance and relative insulin deficiency.? In
2021, 537 million individuals were affected by T2D and this is predicted to
rise to 783 million cases by 2045.°

The predominant CVD manifestations in T2D are atherosclerotic
cardiovascular disease (ASCVD) and heart failure (HF). In addition, the
presence of T2D is linked to chronic kidney disease (CKD), which itself is
considered one of the strongest risk factors for CV disease and mortality
(Figure 1.}

Therefore, it is of utmost importance to systematically screen patients
with diabetes for CVD and HF, as well as to assess them for CKD.® Over
the past decade, large-scale CV outcome trials (CVOTs) have demonstrated
a significant CV risk reduction in patients with T2D with the new glucose-
lowering drugs sodium-glucose co-transporter-2 inhibitors (SGLT2Is) and
glucagon-like peptide-1 (GLP-1) receptor agonists (RAs), as well as the
novel non-steroidal mineralocorticoid receptor antagonist finerenone.®’

This article provides an updated overview of CVD, HF and CKD in the
context of T2D and discusses current therapeutic strategies to reduce CV
risk in these patients, with a special focus on SGLT2Is, GLP-1 RAs and
finerenone.

Screening for Comorbidities in Type 2 Diabetes
CVD and CKD are the predominant causes of mortality and morbidity in
patients with T2D. Given the novel pharmacological approaches for
patients with T2D, a comprehensive awareness of comorbidities, including
ASCVD, heart failure (HF) and CKD, is obligatory to tailor therapy so it is
prognostically relevant (Figure 2).°

Atherosclerotic Cardiovascular Disease

Data on screening for ASCVD in people with diabetes are conflicting,
and non-invasive routine screening is not recommended for
asymptomatic patients until evidence from larger trials becomes
available.®

Nonetheless, diabetes is an important risk factor for ASCVD. CT data from
510 asymptomatic diabetes patients suggested that 46% had coronary
atherosclerosis.’ Therefore, a systematic survey of angina episodes is a
reasonable approach to guide further invasive and non-invasive testing
for ASCVD in all patients with diabetes.
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Figure 1: Interplay between Diabetes,
Atherosclerotic Cardiovascular Disease, Heart
Failure and Chronic Kidney Disease
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Conversely, given the increased prevalence of diabetes in patients with
ASCVD, in particular in those with acute coronary syndrome, all patients
should be tested for diabetes.®"

Heart Failure

In patients with T2D, a systematic survey for HF symptoms (e.g.
breathlessness, exertional dyspnoea or fatigue) and clinical signs of HF
(e.g. weight gain, peripheral oedema, elevated jugular venous pulse, third
heart sound or hepatojugular reflux) is recommended. When signs are
present, brain natriuretic peptide (BNP) or NT-proBNP levels should be
measured; these will guide further testing by echocardiography when
elevated (i.e. BNP >35 pg/ml; NT-proBNP >125 pg/ml).°

In addition, 10-47% of patients with HF are diagnosed with diabetes.”
Therefore, all HF patients should be tested for diabetes.

Chronic Kidney Disease
Screening for CKD should be conducted at least annually in patients with
T2D.°

Measurement of serum creatinine is necessary to calculate the estimated
glomerular filtration rate (eGFR), which provides an overview of kidney
function. Additionally, albumin excretion should be evaluated., with the
urine albumin:creatinine ratio (UACR) being a reliable and accessible
method that allows risk stratification and predicts both kidney failure and
CVD independent of eGFR®

Atherosclerotic Cardiovascular Disease

in Patients with Type 2 Diabetes

Patients with diabetes have an increased risk of ASCVD, and coronary
artery disease accounts for 40-80% of deaths in those with T2D.* Haffner
et al. demonstrated in 1998 that patients with T2D had a similar risk of
future MI and fatal CVD as patients without T2D but with previous MI.®

While this observation was influenced by a distinct T2D population with
extensive comorbidities and long-standing histories of T2D, it underlined
the vulnerability of T2D patients with regards to ASCVD and, in particular,
coronary artery disease.

Given the close relationship between diabetes and ASCVD, current
guidelines recommend systematically screening for the presence of
diabetes in all patients with ASCVD.®

Atherosclerotic Cardiovascular Risk Reduction

with Glucose-lowering Medications

The link between ASCVD and diabetes is well established and research
suggests that, among other mechanisms, hyperglycaemia-induced
endothelial dysfunction, oxidative stress and inflammation have a role.®

However, the relationship between CV risk reduction and pharmacological
glucose control in patients with T2D remains complex. Near-normal levels
of glucose (HbA, <7%; <63 mmol/mol) are associated with a decrease in
microvascular complications; however, this does not apply to
macrovascular complications. Of note, tight glucose control targets may
put a patient at risk of hypoglycaemia, which, in turn, is associated with
vascular events.” Indeed, trials that targeted intensive glycaemic control
in patients with T2D collectively failed to demonstrate that lowering HbA,
reduces major adverse CV events (MACE)®-? In addition, observational
studies indicate there is a U-shaped relationship between HbA, and
clinical outcome, indicating that lower HbA__is not always better”"*

Therefore, current guidelines recommend avoidance of hypoglycaemia
and tight glucose targets of HbA, <7.0% in individuals with a long life
expectancy, while moderate targets <8.5% are recommended for older
patients with a short life expectancy.®

However, while there is a non-linear relationship between HbA targets
and CV risk in patients with diabetes, several dedicated CVOTs have
demonstrated that new glucose-lowering medications, including GLP-1
RAsand SGLT2ls, reduce CV risk independent of glucose management /232

Glucagon-Like Peptide-1 Receptor Agonists

GLP-1 RAs can increase insulin secretion normally triggered by
endogenous GLP-1in response to nutrient ingestion.?® This process has
been described to be impaired in patients with diabetes for reasons
that remain unclear.”®

Eight randomised, placebo-controlled trials have examined the CV safety
and efficacy of GLP-1RAs in patients with T2D and five trials demonstrated
superior CV outcomes including CV death, Ml and stroke compared to
placebo. A recent meta-analysis by Sattar et al. of seven of the eight trials
demonstrated that treatment with GLP-1RAs resulted in a 14% reduction in
CV death (HR 0.85; 95% CI [0.78-0.93]), a 12% reduction in MI (HR 0.88
(95% CI [0.81-0.96]), a 19% reduction in stroke (HR 0.81; 95% CI [0.74—
0.90]) and 12% reduction in hospitalisation for HF (HR 0.88; 95% CI 0.79—
0.98).7 Of note, the treatment benefit of GLP-1 RAs was numerically
higher in diabetes patients with ASCVD (15% versus 6%) but p for
interaction failed to reach statistical significance (p=0.064). However,
given the increased absolute risk in patients with ASCVD, a greater risk
reduction can be expected.

Based on these results, GLP-1 RAs are among the preferred glucose-
lowering strategies in patients with T2D and ASCVD, independent of
glucose status (Figure 2).°
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Figure 2: Treatment Algorithm Type 2 Diabetes and Cardiovascular Disease
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Therapeutic strategies presented are according to 2023 European Society of Cardiology guidelines for the management of cardiovascular disease in patients with diabetes.* *Independent of HbA o only

GLPT-RA and SGLT-2 inhibitors with proven CV benefit should be used (i.e. GLP1-RA: raglutide, semaglutide (subcutaneous), dulaglutide, efpeglenatide; SGLT-2I: empagliflozin, canagliflozin, dapaglifiozin,
sotagliflozin); 'no guideline recommendation yet; however, semaglutide reduced the risk of clinically important kidney outcomes and death from cardiovascular cause in patients with type 2 diabetes in
the FLOW study.>’ #DPP-4 inhibitors (sitagliptin, alogliptin, linagliptin), ertuglifiozin, sulfonylureas (glimeperide or gliclazide), insulin glargine, insulin degludec, GLP1-RA (xisenatide, exenatide extended
release, oral semaglutide). *GLPI-RA, sitagliptin, linagliptin, metformin, insulin glargine and insulin degludec. ACE = angiotensin-converting enzyme; ARB = angiotensin-receptor blocker; DPP-4 =
dipeptidyl peptidase-4; GLP-1 RA = glucagon-like peptide-1 receptor agonist; SGLT2I = sodium—glucose co-transporter-2 inhibitor. Created using images from Servier Medical Art. Reproduced under a

Creative Commons CC BY 4.0 licence.

Sodium-Glucose Co-transporter-2 Inhibitors

SGLT?2 receptors are located in the proximal tubules of the nephron and
increase glucose reabsorption. Inhibition of the SGLT2 receptor leads to
increased urinary glucose excretion, and pharmacological inhibition has
been used for glucose control.

Seven CVOTs for SGLT2 inhibition have been published and six trials were
recently summarised in a meta-analysis that demonstrated a reduction in
the primary ASCVD-based composite of CV death, MI or stroke (MACE).
This meta-analysis demonstrated a 10% reduction in CV outcomes.?® This
risk reduction was numerically higher in patients with ASCVD compared to
patients without ASCVD (11% versus 6%) but failed to reach statistical
significance (p=0.63).

In summary, SGLT2Is are a preferred glucose-lowering therapy and may
be considered to reduce CV risk, independent of glucose control.

Additional Strategies to Reduce
Cardiovascular Risk
The role of comorbidities in diabetes and ASCVD was examined in detail

by Rawshani et al., who demonstrated that the risk of acute Ml in T2D
patients aged <55 years was approximately seven-fold higher (HR 7.69;
95% CI [5.02-1177) when five risk factors (HbA >7.0%, arterial
hypertension, albuminuria, smoking and LDL cholesterol >2.5 mmol/l)
were present compared to those without those risk factors.?® These data
indicate that timely identification and treatment of comorbidities in
patients with T2D is of utmost importance to improve prognosis.

Data from the Steno-2 study demonstrated that, in patients with advanced
T2D and established microalbuminuria, multifactorial therapy (treatment
targets: HbATc <6.5%; total cholesterol <175 mg/dl; and blood pressure
<130/80 mmHg) resulted in 50% fewer micro- and macro-vascular events
after a 7.8-year follow-up.*® Therefore, treatment of ASCVD in patients
with diabetes needs to be multidisciplinary and address all CV risk factors
present (e.g. target systolic blood pressure 130 mmHg and <130 mmHg if
tolerated, but not <120 mmHg; LDL cholesterol levels <55 mg/dl; aspirin in
patients with previous MI or revascularisation).®

Heart Failure with Type 2 Diabetes
Diabetes is an important and frequently unrecognised risk factor for HF,

EUROPEAN CARDIOLOGY REVIEW
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and patients with diabetes have a two- to four-fold increased risk of HF
compared to individuals without diabetes.*

HF in diabetes may present with reduced, mildly reduced or preserved
ejection fraction (HFrEF, HFmrEF or HFpEF, respectively) and evidence for
disease-modifying therapy differs based on this prognostic distinction. In
addition, patients with HF show an increased prevalence of disturbed
glucose metabolism or diabetes; unrecognised HF was present in 28% of
a diabetes population identified by a standardised systemic work-up.?*%

Given the increased risk of HF in patients with diabetes, systematic
screening strategies are recommended to identify patients with HF and
diabetes whenever possible.®

Heart Failure Risk Reduction with

Glucose-lowering Medications

In T2D patients, each 1% rise in HbA is associated with an 8% increase in
HF risk independent of other CV risk factors, indicating the central role of
glucose metabolism in the disease.* Therefore, the concept of diabetic
cardiomyopathy as independent entity has been described. However,
while smaller trials suggest its existence, definitive proof is missing.*

Nevertheless, it is established that several mechanisms present in
diabetes facilitate myocardial dysfunction including reduced insulin
signalling, reduced nitric oxide bioavailability, activation of the renin-
angiotensin-aldosterone system by advanced glycation end products and
increased collagen deposition.® In addition, microvascular dysfunction in
diabetes is linked to reduced myocardial perfusion and suggests
increased tissue hypoxia as additional mechanisms.*

However, despite strong experimental evidence, the link between glucose
control and HF events remains unclear. A post hoc analysis of seven
randomised controlled trials (RCTs) that tested intensive glucose-lowering
regimens compared to standard therapy found no relationship between
HF events and glucose lowering.”

Therefore, there are no specific HbAlc targets for patients with HF and
diabetes, and individual targets are recommended. Nonetheless, in HF,
the choice of glucose-lowering medication is critical. While SGLT2Is
reduce CV death and hospitalisation for HF, GLP-1 RAs, metformin, insulin
glargine and degludec and dipeptidyl peptidase-4 (DPP-4) inhibitors
sitagliptin and linagliptin are safe for glucose lowering. In contrast, the
DPP-4 inhibitor saxagliptin as well as pioglitazone (a thiazolidinedione)
are associated with an increased risk of HF hospitalisation and should be
avoided (Figure 2).38-4

Sodium-glucose Co-transporter-2 Inhibitors

Treatment with SGLT2Is has consistently been demonstrated to reduce HF
hospitalisation in all trials of SGLT2Is in patients with T2D.% In HFrEF, the
beneficial effects of SGLT2Is were confirmed by the DAPA-HF and
EMPEROR-reduced trials  for dapagliflozin  and  empagdliflozin,
respectively. ‘2 A meta-analysis demonstrated that SGLT2 inhibition in
patients with HF led to a 13% reduction in all-cause mortality (HR 0.87
(95% C1[0.77-0.98)) and 26% reduction in hospitalisation for HF (HR 0.74
(95% ClI [0.68-0.82]). Of note, both trials included patients with and
without T2D; however, these results were independent of diabetes status
(p for heterogeneity=0.65).%

In HFpEF, a recent meta-analysis of 12,251 participants from the DELIVER
and EMPEROR-Preserved trials showed a reduction in the composite of

CV death (HR 0.80; 95% CI [0.77-1.00]) and first hospitalisation for HF (HR
0.74; 95% CI [0.67-0.83]). This treatment effect was independent of left
ventricular function and therefore SGLT2 inhibition is now considered a
class 1 recommendation across the entire spectrum of left ventricular
ejection fraction in HF.®

Glucagon-like Peptide-1 Receptor Agonists

The role of GLP-1RAs in the context of HFrEF and diabetes is inconclusive.
Two small RCTs indicate that GLP-1RAs in HFrEF deserve further attention
since these trials demonstrated a numerical increase in cardiac events
(LIVE trial: 10.0 versus 3.0%; p=0.04) and HF hospitalisation (FIGHT trial:
HR 1.3; 95% CI [0.92-1.83)).5 However, these trials enrolled relatively
few patients and were unpowered for the above-mentioned endpoints so
conclusive evidence is unavailable.

However, it needs to be underlined that eight large CVOTs did not show
signs of harm in patients with HF and diabetes so GLP-1RAs are considered
safe for additional glucose control in patients with HF.54

Additional Strategies to Reduce Risk of

Heart Failure and Type 2 Diabetes

Patients with T2D and HFrEF benefit in the same way from guideline-
directed medical therapy (GDMT) as patients without T2D. In addition,
given the increased absolute risk with HF, patients with T2D may benefit
even more from GDMT. Therefore, in HFrEF, the following should be
prescribed when the disease is identified and whenever possible:
angiotensin receptor neprilysin inhibition or angiotensin-converting
enzyme inhibitors or angiotensin-Il receptor blockers; mineralocorticoid
receptor antagonism (excluding finerenone); and B-blockers.>¥

Additional treatment by ivabradine in patients in sinus rhythm with a
persistent heart rate of =70 BPM taking 3-blockers reduced CV endpoints
and HF hospitalisation, irrespective of HF status.* Diuretics should be
added for symptom relief and decongestion.*

In patients with HFmrEF, evidence for GDMT is mainly derived from
subgroup analysis of HFrEF trials and therefore prospective trials are
needed.”

In patients with HFpEF and diabetes, there is no evidence of benefit of
GDMT beyond treatment with an SGLT21.%°

Chronic Kidney Disease with Type 2 Diabetes

CKD is defined as abnormalities of kidney structure or function that are
present for a minimum of 3 months.>' It is classified based on cause, eGFR
and albuminuria.®? Hyperglycaemia is strongly associated with CKD, and
diabetic kidney disease (DKD) develops in nearly 50% of patients with
T2D, underlining the relationship between diabetes and CKD.®>%* DKD is
the leading cause of kidney failure globally, requiring kidney
transplantation or dialysis.>* The leading cause of death in patients with
DKD is CVD, which underlines the importance of therapeutic strategies
that address progression of kidney failure and CVD risk. Therefore, it is
recommended that patients with diabetes are routinely screened for
presence of kidney disease by assessing eGFR (CKD-EPI) and UACR.®

Cardiovascular and Kidney Risk Reduction

by Glucose-Lowering Agents

Research indicates a complex interplay of hyperglycaemia, inflammation
and oxidative stress induces irreversible changes in the nephron, leading
to functional deterioration (decrease in eGFR) and structural deterioration
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(albuminuria).®® In a large meta-analysis, the effect of intensive glucose
control with a tight HbATc target <7.0 % demonstrated a protective effect
on diabetic nephropathy indicated by a reduction in albuminuria while
other endpoints, including renal death and end-stage kidney disease,
remained unaffected, which implies a more complex relationship.® This
relationship is further complicated by the fact that the correlation between
HbATlc and glucose levels is diminished in CKD due to the coexistent
presence of renal anaemia.”” Nevertheless, current guidelines recommend
an individualised HbA1c target of 6.5—-8.0% for patients with diabetes and
CKD with targets <7.0% to prevent microvascular complications whenever
possible.’®

Glucagon-like Peptide-1 Receptor Agonists

A meta-analysis examining GLP-1 RAs demonstrated that some GLP-1RAs
show favourably lower outcomes of albuminuria in patients with diabetes
while their effect on disease progression was less clear and deserves
further attention in future trials.”

This remaining question was recently addressed in the FLOW trial that
tested the role of 1.0 mg semaglutide once weekly by subcutaneous
injection on disease progression in patients with mild to advanced CKD. In
3,533 participants, semaglutide led to a 24% risk reduction in kidney
failure (i.e. dialysis; kidney-transplantation or eGFR <15 ml/min/1.73 m?
>50% reduction in eGFR; or kidney-related or CV-related death).%®

In addition, semaglutide treatment reduced MACE by 18% (HR 0.82; 95%
Cl[0.68-0.98)), CV mortality by 29% (HR 0.71; 95% CI [0.56-0.89)) and
all-cause mortality by 20% (HR 0.80; 95% ClI [0.67-0.95]). Subgroup
analysis revealed a uniform effect across the spectrum of diabetes
duration, glucose control and eGFR, even in patients with an HbA,_<7.0 %
and an eGFR >60 ml/min 1.73 m? indicating that early initiation of the GLP-
1 RA may prevent outcomes.*®

While there was no clear heterogeneity, patients on SGLT2Is benefited
less from GLP-1RA, an observation that deserves further attention in the
future.%®

Sodium-Glucose Co-transporter-2 Inhibitors

A recent meta-analysis of all large SGLT2I trials assessed the role of
SGLT2Is on kidney function. It was demonstrated that SGLT2 inhibition led
to a 37% decrease in kidney disease progression (RR 0.63; 95% CI [0.58—
0.69]) and a 23% decrease in acute kidney injury (RR 0.77; ClI [0.70-
0.841).% In addition, SGLT2Is reduced CV mortality risk by 14% (RR 0.86;
95% CI [0.81-0.92]).%° Therefore, initiation of SGLT2Is tested in CKD (i.e.
canagliflozin, empadgliflozin or dapagliflozin) is recommended in all CKD
patients by European Society of Cardiology and American Heart
Association AHA guidelines.

Glucose-independent Strategies in Chronic

Kidney Disease and Type 2 Diabetes
Glucose-independent therapeutic strategies in CKD have two targets: to
reduce kidney disease progression; and to reduce CVD risk. CVD
treatment strategies in patients with DKD are similar to those for patients
without CKD; however, in DKD, intensive LDL cholesterol lowering, even
in the absence of ASCVD and a blood pressure target of <130/80 mmHg,
is recommended.” Nevertheless, none of these treatments have
demonstrated to halt decline in kidney function with the exception of the

new non-steroidal mineralocorticoid receptor finerenone and angiotensin-
converting enzyme (ACE) inhibition.

Selective, Non-steroidal Mineralocorticoid

Receptor Antagonists

Mineralocorticoid receptor antagonism has been demonstrated to reduce
blood pressure and albuminuria in patients with CKD.%® However, due to
the parallel risk of hyperkalaemia, this therapeutic strategy is limited in
patients with CKD.

The novel non-steroidal mineralocorticoid receptor antagonist finerenone
is highly selective for the mineralocorticoid receptor and therefore has
fewer side effects, making mineralocorticoid receptor antagonism
suitable for patients with advanced CKD. Finerenone has been tested in
two dedicated outcome trials in patients with CKD and T2D, both of which
demonstrated that the drug reduces the risk of kidney failure and CV
events compared to placebo.

In the prespecified, pooled analysis of both trials, the risk of the composite
kidney endpoint (kidney failure; sustained decrease in eGFR >57% over 4
weeks; and renal death) was reduced by 23% (HR 0.77; 95% CI [0.67—
0.88]). In addition, the composite CV endpoint (CV death, non-fatal MI,
non-fatal stroke and hospitalisation for HF) was reduced by 14% (HR 0.86;
95% C1[0.78-0.95]), driven mainly by a reduced number of hospitalisations
for HF. Patients with HFrEF were excluded from the study, indicating a
potential role of this therapy in patients with HFpEF or new-onset HF.

Based on these results, finerenone is now recommended in all patients
with diabetes and CKD with an eGFR >25 ml/min/1.73m? and signs of
albuminuria (i.e. UACR =3 mg/mmol for eGFR 25-60 ml/min; UACR 230
mg/mmol for eGFR >60 ml/min/1.73m?).

Angiotensin-converting Enzyme Inhibitors/
Angiotensin-receptor Blockers

ACE inhibitors (e.g. captopril) and angiotensin-receptor blockers (e.g.
irbesartan/losartan) have been demonstrated in dedicated outcome trials
to slow down CKD progression with a reduction in end-stage renal
disease compared to placebo.®? In addition, irbesartan and losartan
slow down the progression from microalbuminuria to overt
nephropathy.5*%* ACE inhibitors should not be withheld from patients out
of fear of further CKD deterioration.®®

Conclusion

Given the elevated risks of patients with diabetes and CVD and/or CKD
and given the overwhelming evidence from large CVOTs in T2D, early
initiation of GDMT is crucial. From a cardiologist perspective, systemic
screening strategies for ASCVD, HF and CKD (measuring eGFR and UACR)
are essential in all patients with T2D; conversely, screening for diabetes
needs to be performed in all patients with CVD to allow timely identification
of this condition.

Once these comorbidities are identified, it is essential that treatment with
CV risk-reducing therapies, such as SGLT2Is (in patients with T2D and
ASCVD, HF or CKD), GLP-1 RAs (in patients with T2D and ASCVD) and
finerenone (in patients with T2D and CKD), are rapidly implemented on
top of standard of care and cardiologists nowadays have a leading role in
this interdisciplinary task.
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