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HEART FAILURE OUTCOMES IN PATIENTS WITH TYPE 2 DIABETES MELLITUS:

FINDINGS FROM THE CARDIOVASCULAR OUTCOME TRIALS OF ANTIDIABETES AGENTS
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Type 2 diabetes mellitus (T2DM) is a recognised risk factor for several cardiovascular (CV) conditions including heart failure
(HF). Findings that reflect CV risk associated with T2DM medications have led to regulatory requirement of conducting CV
outcome trials (CVOTs) for new antidiabetes drugs. Over the years, several CVOTs using different glucagon-like peptide-1
receptor agonists, dipeptidyl peptidase-4 inhibitors and sodium-glucose co-transporter-2 inhibitors have reported neutral
or improved CV risks or hospitalisation for HF. However, these studies included only a small proportion of the patients with
baseline HF thus limiting the available evidence. Ongoing trials such as EMPEROR programme and DAPA-HF in large patient
populations with chronic HF could potentially broaden the use of these drugs beyond their conventional therapeutic
indication.
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CaxapHblli gnabet 2 Trna (CA2) — obuenpusHaHHbIN GakTop puUcka cepaeuyHo-cocyamucTbix 3abonesaHmin (CC3), Bknoyan
cepaeyuHyto HegoctatouHocTb (CH). [laHHble O cepfieUHO-COCYANCTOM pUCKe, accouummpoBaHHom ¢ CL12, o6ycnoBunu no-
ABfIeHNe HOPMATUBHOTO TPeboBaHUA MO NPOBEAEHMNIO UCCNeQOBaHU ceplieuHo-cocyancTbix ncxogos (MCCU) ans HoBbIx
npoTtusoanabeTnyecknx npenapaTos. 3a npoleglumne rogbl Heckonbko ICCU pa3nnyHbIX aroHUCTOB pPeLenTopoB ritoKaro-
Honogo6Horo nentuga-1 (MMM-1), HrM6UTOPOB AUNENTUANANENTUAA3bI-4 N NHIMOUTOPOB HAaTPUIN-TIIIOKO3HOIO KO-TPaHC-
nopTepa-2 ony6/iMKoBanu flaHHble O HENTPANbHOM WM NOSIOXKUTENBHOM BAVAHUN HA CEPAEYHO-COCYANCTbIE PUCKU UK
yacToTy rocnutanu3saumm no nosogy CH. OgHako 3Tv nccnefoBaHMA BKIOYANU NULLb HEOONbLLYHIO L0 NaLMEHTOB C UCXOS-
Hoi CH, orpaHmurBas TeM cambiM MMelLLMeCs loKa3aTenbCTBa. [pofonkatoLmeca nccneloBaHnsa, Takme Kak nporpamma
EMPEROR v DAPA-HF, Ha 60nbLiyx nonynaumax naumneHToB ¢ XpoHudyeckon CH mornu 6bl paclumpuTb 06nactb NprMeHeHns
3TVX NPenapaToB 3a Npefenbl X CTaHAAPTHbIX TepaneBTUYECKMX NOKa3aHN.

KJTIOYEBbBIE CJIOBA: uccnedoeaHus cepOeyHO-coCyOuCmbIx Ucxo008; uHeubumopesl [I1M-4; azoHucmel peuyenmopos [Tif1-1; cepdeyHas
HedocmamoyHocmes; uHaubumopel HIJIT-2; caxapHelili duabem 2-20 muna

Cardiovascular disease (CVD) is a major cause of mortal-
ity and morbidity in patients with type 2 diabetes mellitus
(T2DM) and targeting the CV risk factors is of critical impor-
tance for optimal management of the disease. This review
will discuss the effect of the antidiabetes drugs on the CV
risk, limitations pertaining to CV outcome trials (CVOTs) and
the future directions in evaluating the heart failure (HF) out-
comes of antidiabetes drugs.

OVERVIEW OF CARDIOVASCULARRISKIN TYPE 2
DIABETES MELLITUS

Cardiovascular diseases such as atherosclerotic CVD
(ASCVD), HF and chronic kidney disease (CKD) together ef-
fects approximately 15%-25% of people with T2DM [1]. Life
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expectancy of patients with T2DM is reduced by 11.2 years
in men and 14.3 years in women with history of CVD [2].
Moreover, T2DM is associated with increased risk for de-
veloping CVD where each percentage increase in glycated
haemoglobin (HbA1c), increases the relative risk of CVD by
18% [3]. In addition, the Framingham Heart Study conduct-
ed in large populations has reported 2-fold increase in risk
of HF in men and 5-fold increase in women with T2DM [4].
Prior to the 2008 US Food and drug administration (FDA)
guidance, patient population included in the studies were
relatively younger with a shorter duration of disease and
low CV risk, which led to inconsistency in reporting CV out-
comes due to lack of well-defined endpoints. Furthermore,
the adverse CV outcomes from University Group Diabetes
Programme (UGDP) and Action to Control Cardiovascular
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Risk in Diabetes (ACCORD) studies have also emphasised
the necessity of evaluating CV risks during development
of antidiabetes drugs and to design studies that are ade-
quately powered to evaluate the CV outcomes [5,6,7].

Over the years, several CVOTs were completed and
many are ongoing on different glucagon-like peptide-1
(GLP-1) receptor agonists, dipeptidyl peptidase 4 (DPP-4)
inhibitors and sodium-glucose co-transporter-2 (SGLT-2)
inhibitors [8,9]. Although the results of the CVOTs have
translated in the updated diabetes guidelines focussing
on the strategies to manage CVD in patients with T2DM,
there is still a need to include higher proportion of patients
with HF and specifically evaluate the HF outcomes to tailor
the glucose-lowering therapy in patients with T2DM and HF
risk [10].

This review describes the effects of antidiabetes drugs
on HF outcomes in patients with T2DM and status of com-
pleted and ongoing CVOTs in terms of risk for HF and other
CV outcomes.

EFFECT OF ANTIDIABETES DRUGS ON
CARDIOVASCULAR OUTCOMES

Despite potential glycaemic control, the effect of differ-
ent antidiabetes drugs on CV outcomes varies and a class
effect could not be determined [11,12]. Glycaemic control
with thiazolidinediones and insulin was associated with
an increased risk of HF, whereas, metformin (biguanide)
and SGLT-2 inhibitors have resulted in reduction of HF
risk [13,14].

The results of large CVOTs with GLP-1 agonists such as
LEADER (liraglutide) and SUSTAIN-6 (semaglutide) have
demonstrated reductions in rates of major adverse cardio-
vascular events (MACE) (hazard ratio [HR] [95% confidence
interval [CI]]: 0.87 [0.78-0.97; P<0.001 for noninferiority
and P=0.01 for superiority] and 0.74 [0.58-0.95; P<0.001
for noninferiority], respectively) [15,16]. On the other hand,
the primary composite outcome with lixisenatide (ELIXA)
and exenatide (EXSCEL) was noninferior (P<0.001) to pla-
cebo (HR [95% Cl]: 1.02 [0.89-1.17] and 0.91 [0.83-1.00],
respectively) [17,18].

Various studies conducted with DPP-4 inhibitors have
reported neutral cardiac function and no HF risk. The com-
posite of CV death, nonfatal myocardial infarction (Ml),
nonfatal stroke, or hospitalisation for unstable angina
with sitagliptin (TECOS) was noninferior to placebo (HR
[95% Cl]: 0.98 [0.88-1.09]; P<0.001) and rates of hospi-
talisation for heart failure (hHF) was similar (HR [95% ClI]:
1.00 [0.83-1.20]; P=0.98) [19]. However in SAVOR-TIMI-53,
the proportion of patients with hHF were more with
saxagliptin than placebo (3.5% vs 2.8%, HR [95% ClII:
1.27 [1.07-1.51]; P=0.007) [20]. In patients treated with
alogliptin (EXAMINE) hHF was higher but insignificant
(3.9% vs. 3.3%, HR [95% Cl]: 1.19 [0.90-1.58]; P=0.220)
when compared to placebo [21]. A meta-analysis of CV
safety of vildagliptin use in ~17000 patients has shown
neutral effect on MACE (0.86% vs. 1.20%, risk ratio [RR]
[95% Cl]: 0.82 [0.61-1.11]) and the rate of HF events was
insignificant (RR [95% Cl]: 1.08 [0.68-1.70]) when com-
pared with other antidiabetes drugs [22]. In the VIVIDD
study, the only prespecified trial to evaluate the effects
of DPP-4 inhibitors till date , the trend of increase in left

CaxapHblin gnabet. 2019;22(5):467-472

doi: 10.14341/DM10374

ventricular ejection fraction (LVEF) was shown in favour
of vildagliptin compared to placebo (4.95% vs. 4.33%,
95% Cl: —2.21-3.44; P=0.667) [23].

Additionally, inhibitors of the renin-angiotensin system,
which are primarily antihypertensive agents, are also known
to prevent the onset of HF and progression of diabetic ne-
phropathy while reducing CV risks and hHF [24]. Valsartan
in combination with sacubitril (PARADIGM-HF) has shown
significantly low rate of hHF (12.8% vs. 15.6%, HR [95% Cl]:
0.79 [0.71-0.89]; P<0.001) and similar rate of decline in re-
nal function (2.2% vs. 2.6%, HR [95% Cl]: 0.86 [0.65-1.13];
P=0.28) when compared to enalapril [25].

MECHANISMS OF ACTION OF ANTIDIABETES DRUGS ON
CARDIOVASCULAR RISK REDUCTION

Although several studies have proposed the underlying
mechanisms for the cardio-protective activity of various
antidiabetes drug classes, there still exists few lacunae [4].
Improved CV outcomes with metformin were reported
in patients with T2DM, which could be due to the improved
endothelium-independent blood flow and enhancement
of nitric oxide dependent or independent vasodilation
[26]. The cardiac protective effects of the GLP-1 agonists is
due to their renal protection, reduction in ischaemic injury,
chronic inflammation and ectopic fat deposition [27,28].

Inhibition of SGLT-2 in the proximal renal tubule reduces
the total body and cellular glucose toxicity that has metabol-
ic and haemodynamic consequences resulting in improved
cardiac outcomes [29]. Additionally, SGLT-2 inhibition has
shown short-term diuretic effect in patients with T2DM,
along with the long-term decrease in the systolic blood
pressure and improved renal function, sustained reduction
in body weight and plasma volume. However, the reduction
in HF with SGLT-2 inhibitors could be due to the interference
with the renal sodium-hydrogen exchanger 3 (NHE3) caus-
ing natriuresis. Inhibition of cardiac NHE leads to a decrease
in the intracellular sodium and consequent calcium concen-
trations, leading to prevention of cardiomyopathy and thus
HF [14]. Affinity of various SGLT-2 inhibitors is highly vari-
able to SGLT-1 and SGLT-2 receptors [30]. Similar to the car-
diac protective action of SGLT-2 inhibitors, the CV effects
of a few DPP-4 inhibitors could also be due to the suppres-
sion of NHE3 activity [31].

CARDIOVASCULAR OUTCOMES WITH SGLT-2 INHIBITORS

According to the FDA 2008 guidance, clinical outcomes
of antidiabetic drugs were to be evaluated by conducting
long-term CVOTs or by performing meta-analysis. Over
the years, seven CVOTS have been completed for GLP-1
receptor agonists, four for DPP-4 inhibitors and three for
SGLT-2 inhibitors and many more are yet to be reported
(Figure 1) [5,6]. Among the reported CVOTs, those conduct-
ed on SGLT-2 inhibitors and a few on GLP-1 receptor ago-
nists have reported cardiac protection.

Results from CVD-REAL and CVD-REAL-2 studies con-
ducted in patients with T2DM in real-world scenario, sug-
gest lower risk of CV outcomes with SGLT-2 inhibitors.
Risk of hHF is suggested to be 39% lower with SGLT-2
inhibitors (pooled HR 0.61 [95% Cl: 0.51-0.73; P<0.001]
in the CVD-REAL population) and 36% lower (pooled
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HR 0.64 [95% Cl: 0.50-0.82; P=0.001] in CVD-REAL-2 popula-
tion) when compared to other antidiabetes drugs. Lack of het-
erogeneity in results across countries in CVD-REAL study is
taken in to consideration which suggests a class effect for
SGLT-2 inhibitors [32,33]. However, the favourable CV out-
comes of SGLT-2 inhibitors reported from the CVD-REAL and
EASEL studies are very inconsistent with data from large ran-
domised trials. This may be due to the inherent observational
nature of the study, differences in the drugs that are not fully
understood yet, along with technical issues of the analyses
such as immortal time bias which have not been taken care
off. Hence, it remains uncertain whether the significant out-
comes with empagliflozin (particularly for CV and all-cause
mortality) also fully apply to all other SGLT-2 inhibitors [34].
Results from the integrated dataset of CANVAS and CAN-
VAS-R (CANVAS Program using canagliflozin) studies demon-
strated significant lower risk of MACE (death due to CV caus-
es, nonfatal Ml/stroke) in patients with T2DM and high CV
risk (HR [95% Cl]: 0.86 [0.75-0.97]; P<0.001 for noninferiority
and P=0.02 for superiority) but a 2-fold increased risk of am-
putation. In addition, the all-cause mortality and CV death
were similar and statistically insignificant between treat-
ment groups based on the integrated databases and with
removal of all study time and mortality events prior to last

unblinding [35]. Dapagliflozin (DECLARE-TIMI 58 study) has
shown a significantly lower rate of combined event of CV
death or hHF when compared to placebo (4.9% vs. 5.8%;
HR [95% CI]: 0.83 [0.73-0.95]; P=0.005), mostly driven by
lower HF incidence and in subgroup of patients with estab-
lished ASCVDs. However, in patients with T2DM and ASCVD,
the rate of MACE was not significantly lower (8.8% vs. 9.4%;
HR [95% Cl]: 0.93 [0.84-1.03]; P=0.17) [36]. In patients with
T2DM and high risk for CV events, empagliflozin (EMPA-REG)
demonstrated a low rate of death from CV causes, nonfatal
MI, or nonfatal stroke (10.5% vs. 12.1%; HR [95% CIl]: 0.86
[0.74-0.99]; P=0.04 for superiority]) than patients receiving
placebo [37]. A recent meta-analysis that included data from
CANVAS programme, DECLARE TIMI 58 and EMPA-REG tri-
als, has shown moderate benefits on atherosclerotic MACE
(myocardial infarction, stroke, and cardiovascular death)
in patients with established ASCVD. A significant reduction
in CVD or hHF (24%, HR [95% Cl]: 0.76 [0.69-0.84]; P<0.0001)
was observed in patients with ASCVD and irrespective
of baseline HF status [38].

The results from these studies provided robust data for
the influence of the agents on the incidence and worsen-
ing of HF among the high-risk T2DM population [39], which
is further recognised in recent consensus documents [40].
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Figure 1. Overview of completed and ongoing CVOTs

CaxapHbIii arabert. 2019;22(5):467-472

doi: 10.14341/DM10374

Diabetes Mellitus. 2019;22(5):467-472



REVIEW

However, in all the studies, only a small proportion
of patients were recorded to have HF at baseline (~10%), but
in none of these studies were these patients well described
in terms of HF aetiology, NYHA functional class, LVEF or plas-
ma levels of natriuretic peptides. As the patient population
in these studies are at high-risk of CVD, it is unclear whether
results could be generalised to patients with a shorter dura-
tion of T2DM or without established CV complications [5].

Recent ongoing CVOTs such as EMPEROR programme
(using empagliflozin) and DAPA-HF (using dapagliflozin)
are being conducted on a large patient population having
chronic HF (NYHA class 1I-1V) with reduced or preserved
ejection fraction to evaluate the risk for CV death or hHF
[41,42]. In DAPA-HF study, 32% of patients are with NYHA
functional class Ill/IV and the proportion of patients is sim-
ilar to those in other contemporary registries such as ESC
Long-Term Registry (31%), ASIAN-HF (33%) and CAMP-HF
(32%) [43]. These studies could provide better understand-
ing of the effect of the antidiabetes drugs on HF in patients
with or without T2DM, and could potentiate to broaden
the use of these drugs beyond their conventional ther-
apeutic use. Moreover, many co-morbidities other than
T2DM and prediabetes such as cachexia and muscle wast-
ing, anaemia and iron deficiency, chronic obstructive
pulmonary disease and sleep apnoea are also important
in managing HF patients [44-50].

CONCLUSIONS
Based on the FDA guidance, several CVOTs were com-

pleted and many more are to be reported. Few antidiabe-
tes drugs have shown CV risk (thiazolidinediones), several
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do not increase CV risk (DPP-4 inhibitors), but few drugs
in SGLT-2 and GLP-1 class have demonstrated CV benefit.
Although the findings have revealed the pleiotropic effects
of the antidiabetes agents, few limitations of the CVOTs exist.
These trials need to be specifically designed by including
a higher proportion of patients with baseline HF along with
well-characterised data and should be adequately pow-
ered to evaluate endpoints for HF outcomes. Nevertheless,
results from ongoing trials such as EMPEROR programme
and DAPA-HF in patients with HF with reduced or preserved
ejection fraction may reveal findings that hold a promising
future for better management of patients with T2DM and HF.

ADDITIONAL INFORMATION

Source of funding. The publication of this article was supported by
Novartis Pharma AG, Basel, Switzerland.

Conflict of interests. Anker SD has received research support from
DZHK Germany, European Union, Vifor International & Abbott Vascular, and
fees for consultancy and speaking from Astra-Zeneca, Bayer, Boehringer
Ingelheim, Respicardia, Impulse Dynamics, Janssen, Novartis, Servier and
Vifor International. The article is based on the presentation by the author
at Diabetes Scientific School “T2D patients’ journey: holistic approach and
quality of life” held at Moscow (11-12 April 2019).

Authors involvement. The author meets the International Commit-
tee of Medical Journal Editors (ICMJE) criteria for authorship for this man-
uscript, take responsibility for the integrity of the work as a whole, and has
given final approval to the version to be published.

Acknowledgements. The author acknowledges Deepak Reddy Gade,
PhD and Ishita Guha Thakurta, PhD, CMPP of Novartis Healthcare Private
Limited, India for medical writing support in accordance with good publica-
tion practice (GPP3) guidelines (http://www.ismpp.org/gpp3).

Diabetes Mellitus. 2019;22(5):467-472


http://www.ismpp.org/gpp3

471 | CaxapHbil anabet / Diabetes Mellitus

OB30P

CMUCOK JINTEPATYPbI | REFERENCES

Davies MJ, D'Alessio DA, Fradkin J, et al. Management of
hyperglycemia in type 2 diabetes, 2018. A consensus report by
the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD). Diabetes Care.
2018;41(12):2669—2701. doi: https://doi.org/10.2337/dci18-0033
Emerging Risk Factors Collaboration; Di Angelantonio E,
Kaptoge S, Wormser D, et al. Association of cardiometabolic
multimorbidity with mortality. JAMA. 2015;314(1):52—60.

doi: https://doi.org/10.1001/jama.2015.7008

Zhang Y, Hu G, Yuan Z, Chen L. Glycosylated hemoglobin

in relationship to cardiovascular outcomes and

death in patients with type 2 diabetes: a systematic

review and meta-analysis. PLoS One. 2012,7(8):e42551.

doi: https://doi.org/10.1371/journal.pone.0042551

Kenny HC, Abel ED. Heart failure in type 2

diabetes mellitus. Circ Res. 2019;124(1):121-141.

doi: https://doi.org/10.1161/circresaha.118.311371

Cefalu WT, Kaul S, Gerstein HC. Cardiovascular outcomes trials in
type 2 diabetes: where do we go from here? Reflections from a

diabetes care editors’ expert forum. Diabetes Care. 2018;41(1):14—31.

doi: https://doi.org/10.2337/dci17-0057

Guidance for industry — diabetes mellitus — evaluating
cardiovascular risk in new antidiabetic therapies to treat type
2 diabetes. U.S. Department of Health and Human Services
Food and Drug Administration Center for Drug Evaluation and
Research (CDER); 2008 [accessed on 31 July 2019]. Available from:
https://www.fda.gov/media/71297/download

Holman RR, Sourij H, Califf RM. Cardiovascular outcome

trials of glucose-lowering drugs or strategies in

type 2 diabetes. Lancet. 2014;383(9933):2008-2017.

doi: https://doi.org/10.1016/50140-6736(14)60794-7

Schnell O, Standl E, Catrinoiu D, et al. Report from

the 4th Cardiovascular Outcome Trial (CVOT) Summit

of the Diabetes & Cardiovascular Disease (D&CVD)

EASD Study Group. Cardiovasc Diabetol. 2019;18(1):30.

doi: https://doi.org/10.1186/512933-019-0822-4

Home P. Cardiovascular outcome trials of glucose-lowering
medications: an update. Diabetologia. 2019;62(3):357—369. doi:
https://doi.org/10.1007/500125-018-4801-1

Stand! E. Heart failure in diabetes: From an increased risk to

a treatment target. Diabetes Mellitus. 2018;21(5):399-403.

doi: https://doi.org/10.14341/dm9846

Hinnen D, Kruger DF. Cardiovascular risks in type 2

diabetes and the interpretation of cardiovascular outcome
trials. Diabetes Metab Syndr Obes. 2019;12:447—455.

doi: https://doi.org/10.2147/DMS0O.5188705

Azimova K, San Juan Z, Mukherjee D. Cardiovascular safety profile
of currently available diabetic drugs. Ochsner J. 2014;14(4):616-632.
Castagno D, Baird-Gunning J, Jhund PS, et al. Intensive
glycemic control has no impact on the risk of heart

failure in type 2 diabetic patients: evidence from a 37,229
patient meta-analysis. Am Heart J. 2011;162(5):938—948.e2.
doi: https://doi.org/10.1016/j.ah}.2011.07.030

Packer M, Anker SD, Butler J, et al. Effects of sodium-

glucose cotransporter 2 inhibitors for the treatment

of patients with heart failure: proposal of a novel

mechanism of action. JAMA Cardiol. 2017;2(9):1025-1029.

doi: https://doi.org/10.1001/jamacardio.2017.2275

Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide

and cardiovascular outcomes in type 2 diabetes. N Engl J Med.
2016;375(4):311-322. doi: https://doi.org/10.1056/NEJMoa1603827
Marso SP, Bain SC, Consoli A, et al. Semaglutide and
cardiovascular outcomes in patients with type 2

diabetes. N Engl J Med. 2016;375(19):1834—1844.

doi: https://doi.org/10.1056/NEJMoa1607141

Pfeffer MA, Claggett B, Diaz R, et al. Lixisenatide in

patients with type 2 diabetes and acute coronary

syndrome. N EnglJ Med. 2015;373(23):2247—-2257.

doi: https://doi.org/10.1056/NEJMoa1509225

Holman RR, Bethel MA, Mentz RJ, et al. Effects of once-

weekly exenatide on cardiovascular outcomes in type

2 diabetes. N Engl J Med. 2017;377(13):1228—1239.

doi: https://doi.org/10.1056/NEJMoa1612917

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Green JB, Bethel MA, Armstrong PW, et al. Effect of Sitagliptin

on cardiovascular outcomes in type 2 diabetes. N Engl J Med.
2015;373(3):232—-242. doi: https://doi.org/10.1056/NEJMoa1501352
Scirica BM, Bhatt DL, Braunwald E, et al. Saxagliptin

and cardiovascular outcomes in patients with type 2

diabetes mellitus. N Engl J Med. 2013;369(14):1317—1326.

doi: https://doi.org/10.1056/NEJMoa1307684

Zannad F, Cannon CP, Cushman WG, et al. Heart failure and
mortality outcomes in patients with type 2 diabetes taking
alogliptin versus placebo in EXAMINE: a multicentre, randomised,
double-blind trial. Lancet. 2015;385(9982):2067—2076.

doi: https://doi.org/10.1016/50140-6736(14)62225-X

Mclnnes G, Evans M, Del Prato S, et al. Cardiovascular and

heart failure safety profile of vildagliptin: a meta-analysis of
17000 patients. Diabetes Obes Metab. 2015;17(11):1085—1092.

doi: https://doi.org/10.1111/dom.12548

McMurray JJ, Ponikowski P, Bolli GB, et al. Effects of vildagliptin on
ventricular function in patients with type 2 diabetes mellitus and
heart failure: a randomized placebo-controlled trial. JACC Heart Fail.
2018,6(1):8—17. doi: https://doi.org/10.1016/j.,jchf.2017.08.004
Packer M. Heart failure: the most important, preventable, and
treatable cardiovascular complication of type 2 diabetes. Diabetes
Care. 2018;41(1):11-13. doi: https://doi.org/10.2337/dci17-0052
McMurray JJ, Packer M, Desai AS, et al. Angiotensin-neprilysin
inhibition versus enalapril in heart failure. N Engl J Med.
2014;371(11):993—1004. doi: https://doi.org/10.1056/NEJMoa1409077
Younk LM, Lamos EM, Davis SN. Cardiovascular effects of anti-
diabetes drugs. Expert Opin Drug Saf. 2016;15(9):1239—1257. doi:
https://doi.org/10.1080/14740338.2016.1195368

Drucker DJ. The cardiovascular biology of glucagon-

like peptide-1. Cell Metab. 2016;24(1):15—30.

doi: https://doi.org/10.1016/j.cmet.2016.06.009

Zweck E, Roden M. GLP-1 receptor agonists and cardiovascular
disease: drug-specific or class effects? Lancet Diab Endocinol.
2019;7(2):89-90. doi: https://doi.org/10.1016/52213-8587(18)30351-6
Maack C, Lehrke M, Backs J, et al. Heart failure and diabetes:
metabolic alterations and therapeutic interventions: a
state-of-the-art review from the Translational Research
Committee of the Heart Failure Association-European

Society of Cardiology. Eur Heart J. 2018;39(48):4243—4254.

doi: https://doi.org/10.1093/eurheartj/ehy596

Anker SD, Butler J. Empagliflozin, calcium, and SGLT1/2

receptor affinity: another piece of the puzzle. ESC Heart Fail.
2018,;5(4):549—551. doi: https://doi.org/10.1002/ehf2.12345

Sano M. Mechanism by which dipeptidyl peptidase-4

inhibitors increase the risk of heart failure and possible
differences in heart failure risk. J Cardiol. 2019;73(1):28—-32.

doi: https://doi.org/10.1016/j.jjcc.2018.07.004

Kosiborod M, Cavender MA, Fu AZ, et al. Lower risk of heart

failure and death in patients initiated on sodium-glucose
cotransporter-2 inhibitors versus other glucose-lowering

drugs: The CVD-REAL study (comparative effectiveness of
cardiovascular outcomes in new users of sodium-glucose
cotransporter-2 inhibitors). Circulation. 2017;136(3):249—259.

doi: https://doi.org/10.1161/CIRCULATIONAHA.117.029190
Kosiborod M, Lam CSP, Kohsaka S, et al.; CVD-REAL Investigators and
Study Group. Lower cardiovascular risk associated with SGLT-2i in
>400,000 patients: the CVD-REAL 2 study. JAm Coll Cardiol. 2018.
doi: https://doi.org/10.1016/jjacc.2018.03.009

Suissa S. Reduced mortality with sodium-glucose

cotransporter-2 inhibitors in observational studies: avoiding
immortal time bias. Circulation. 2018;137(14):1432—1434.

doi: https://doi.org/10.1161/CIRCULATIONAHA.117.032799

Neal B, Perkovic V, Matthews DR. Canagliflozin and cardiovascular
and renal events in type 2 diabetes. N Engl J Med. 2017,377(21):2099.
doi: https://doi.org/10.1056/NEJMc1712572

Wiviott SD, Raz I, Sabatine MS. Dapagliflozin and cardiovascular
outcomes in type 2 diabetes. Reply. N Engl J Med.
2019;380(19):1881—-1882. doi: https://doi.org/10.1056/NEJMc1902837
Zinman B, Wanner C, Lachin JM, et al. Empagliflozin,
cardiovascular outcomes, and mortality in type 2

diabetes. N Engl J Med. 2015;373(22):2117-2128.

doi: https://doi.org/10.1056/NEJMoa1504720

CaxapHbIii arabert. 2019;22(5):467-472

doi: 10.14341/DM10374

Diabetes Mellitus. 2019;22(5):467-472


https://www.fda.gov/media/71297/download

REVIEW

38.

39.

40.

41.

42.

43.

Zelniker TA, Wiviot SD, Raz |, et al. SGLT2 inhibitors for primary

and secondary prevention of cardiovascular and renal outcomes

in type 2 diabetes: a systematic review and meta-analysis of
cardiovascular outcome trials. Lancet. 2019;393(10166):31-39.

doi: https://doi.org/10.1016/50140-6736(18)32590-X

Greene SJ, Butler J. Primary prevention of heart failure in patients
with type 2 diabetes mellitus. Circulation. 2019;139(2):152—154.

doi: https://doi.org/10.1161/CIRCULATIONAHA.118.037599
Seferovic PM, Ponikowski P, Anker SD, et al. Clinical practice update on
heart failure 2019: pharmacotherapy, procedures, devices and patient
management. An expert consensus meeting report of The Heart
Failure Association of the European Society of Cardiology. Eur J Heart
Fail. 2019;21(10):1169—-1186. doi: https://doi.org/10.1002/ejhf.1531
Anker SD, Zannad F, Butler J, et al. Design and rationale of the
EMPEROR trials of, empagliflozin 10 mg once daily, in patients

with chronic heart failure with reduced ejection fraction
(EMPEROR-Reduced) or preserved ejection fraction (EMPEROR-
Preserved). Diabetologie und Stoffwechsel. 2019;14(501):566.

doi: https://doi.org/10.1055/5-0039-1688298.

McMurray JJ, DeMets DL, Inzucchi SE, et al. A trial to evaluate the
effect of the sodium-glucose co-transporter 2 inhibitor dapagliflozin
on morbidity and mortality in patients with heart failure and
reduced left ventricular ejection fraction (DAPA-HF). Eur J Heart Fail.
2019;21(5):665—675. doi: https://doi.org/10.1002/ejhf. 1432
McMurray JJV, DeMets DL, Inzucchi SE, et al. The Dapagliflozin and
Prevention of Adverse-outcomes in Heart Failure (DAPA-HF) trial:
baseline characteristics. Eur J Heart Fail. 2019;21(11):1402—1411.

doi: https://doi.org/10.1002/ejhf.1548

AUTHORS INFO

44,

45.

46.

47.

48.

49.

50.

CaxapHbin guabet / Diabetes Mellitus | 472

Springer J, Springer JI, Anker SD. Muscle wasting and sarcopenia
in heart failure and beyond: update 2017. ESC Heart Fail.
2017;4(4):492—498. doi: https://doi.org/10.1002/ehf2.12237
Saitoh M, Dos Santos MR, Emami A, et al. Anorexia, functional
capacity, and clinical outcome in patients with chronic heart failure:
results from the Studies Investigating Co-morbidities Aggravating
Heart Failure (SICA-HF). ESC Heart Fail. 2017;4(4):448—457.

doi: https://doi.org/10.1002/ehf2.12209

Lainscak M, Omersa D, Sedlar N, et al. Heart failure

prevalence in the general population: SOBOTA-HF study
rationale and design. ESC Heart Fail. 2019;6(5):1077—1084.

doi: https://doi.org/10.1002/ehf2.12496

Pietrock C, von Haehling S. Sleep-disordered breathing in heart
failure: facts and numbers. ESC Heart Fail. 2017;4(3):198—202.

doi: https://doi.org/10.1002/ehf2.12193

Kubota Y, Tay WT, Asai K, et al. Chronic obstructive

pulmonary disease and B-blocker treatment in Asian

patients with heart failure. ESC Heart Fail. 2018;5(2):297-305.

doi: https://doi.org/10.1002/ehf2.12228

Hassanein M, Abdelhamid M, Ibrahim B, et al. Gender differences
in Egyptian patients hospitalized with heart failure: insights
from the European Society of Cardiology Heart Failure
Long-Term Registry. ESC Heart Fail. 2018;5(6):1159—1164.

doi: https://doi.org/10.1002/ehf2.12347

Lam CS, Doehner W, Comin-Colet J; IRON CORE Group.

Iron deficiency in chronic heart failure: case-based

practical guidance. ESC Heart Fail. 2018;5(5):764—771.

doi: https://doi.org/10.1002/ehf2.12333

Stefan D. Anker, MD, PhD, Professor, Dept of Cardiology & BCRT, Charité (CVK), Berlin, Germany;
ORCID: https://orcid.org/0000-0003-3331-7314; e-mail: s.anker@cachexia.de

TO CITE THIS ARTICLE:

Anker SD. Heart failure outcomes in patients with type 2 diabetes mellitus: findings from the cardiovascular outcome trials
of antidiabetes agents. Diabetes Mellitus. 2019;22(5):467-472. doi: 10.14341/DM10374

LIUTUPOBATb:

Anker SD. Ncxoppl no cepfieuHon HeAOCTaTOUYHOCTU Y NALMEHTOB C CaXxapHbIM AnabeTom 2-ro Tvna: AaHHble NCCefoBaHNN
cepheyHo-COCYANUCTbIX NCXOJ0B NpoTnBoanabeTnyecknx npenapatos // CaxdapHelli ouabem. — 2019. — T. 22. — No5, —
C.467-472.doi: 10.14341/DM10374

CaxapHblIii arabert. 2019;22(5):467-472

doi: 10.14341/DM10374

Diabetes Mellitus. 2019;22(5):467-472


https://orcid.org/0000-0003-3331-7314
mailto:s.anker@cachexia.de

