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Abstract

Heart failure is not a single disease but a clinical syndrome with symptoms and/or signs caused

by a structural/functional cardiac abnormality and represents a public health problem, leading

to significant functional impairment, morbidity, and poor quality of life. In 2023, 64 million

people had been diagnosed with heart failure and needed specific treatment. An important

percentage is associated with diabetes mellitus type 2 (T2DM) as well. Because of the large

etiology of this syndrome treatment should be leaded by the cause who underwent to heart

failure. A few glucose-lowering therapies showed their efficacy in treating heart failure for

patient with or without T2DM such as sodium glucose cotransporter inhibitors (SGLT-2

inhibitors) but the role of Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) is still

investigated. At this point, evidence show no improvement in heart failure with reduced

ejection fraction (HFrEF) treated with GLP-1 RAs but in heart failure with preserved ejection

fraction (HFpEF) proves otherwise.

Rezumat

Insuficien�a cardiacă nu este o singură boală ci un sindrom înso�it de semne și simptome

determinate de modificări cardiace structurale sau func�ionale și reprezintă o problemă de

sănătate publică, determinând scăderea calită�ii vie�ii și morbi-mortalitate crescută. In 2023,

64 de milioane de persoane au fost diagnosticate cu insuficien�ă cardiacă și au necesitat

tratament specific. Un procent important din acești pacien�i asociau și diabet zaharat tip 2.

Tratamentul insuficien�ei cardiace este ghidat de către etiologia acesteia. Anumite terapii

hipoglicemiante și-au demonstrat eficien�a în tratamentul insuficien�ei cardiace cu sau fără

diabet zaharat precum inhibitorii SGLT-2 dar rolul agoniștilor de receptor GLP1 este încă incert.

Datele colectate în studii nu au demonstrat ameliorarea pacien�ilor cu insuficienta cardiaca cu

frac�ie de ejec�ie redusă trata�i cu agonist de receptor GLP. In managementul insuficien�ei

cardiace cu frac�ie de ejec�ie păstrate, agonistul de receptor GLP1 a demonstrat contrariul și

poate reprezenta o terapie de viitor pentru aceasta categorie.
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Introduction and background

Heart failure is a challenging issue and a

world-wide health problem with important

consequences being the most frequent cause

for hospitalization for patients over 65 years

old. Almost half of them associate diabetes

mellitus type 2 (T2DM) as well, this patient

being even more vulnerable in developing

more complications and deceasing early in

their evolution.

Definition and classification

Heart failure is not a single disease but a

clinical syndrome with symptoms and/or signs

caused by a structural/ functional cardiac

abnormality that results in elevated

intracardiac pressures and/or inadequate

cardiac output at rest and/or during exercise .
(1)

It is mandatory to find out the etiology of the

underlying cardiac dysfunction that led to HF

to decide on subsequent treatment. The

etiology varies: coronary artery disease ,
(2)

hypertension, valve disease, arrhythmias,

cardiomyopathies (Takotsubo, peripartum,

dilated, restrictive and others), congenital

heart diseases, infective (HIV, LYME,

myocarditis), drug-induced, infiltrative

(amyloid, sarcoidosis), storage disorders

(Fabry, haemochromatosis, glycogen

abnormal storage), endomyocardial disease

(postradiotherapy, carcinoid), pericardial,

metabolic (endocrine and nutritional disease),

n e u ro m u s c u l a r d i s e a s e ( m u s c u l a r

dystrophy) .
(1,2)

The most common terminology used to

determine the severity of HF is the New York

Keywords: heart failure (HF), diabetes mellitus type 2 (T2DM), Glucagon-like peptide-1

receptor agonists (GLP-1 Ras).

Abbreviations: heart failure (HF), diabetes mellitus type 2 (T2DM), Glucagon-like peptide-1
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(HFpEF, HFrEF), diabetes mellitus type 2 (T2DM), left ventricle ejection fraction(LVEF),

N‐terminal pro–B‐type natriuretic peptide(NTproBNP), Kansas City Cardiomyopathy

Questionnaire (KCCQ), 6‐minute walk distance(6MWD), glucose-dependent insulinotropic

polypeptide (GIP), glucagon (GCG), major adverse cardiovascular events (MACE), renin-

angiotensin-aldosterone system (RAAS).
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Heart Association (NYHA) functional

classification but is not the best because

there are many other better indicators in HF

which are superior in prognostic value such

a s LV E F , N T p r o B N P , K a n s a s C i t y

Cardiomyopathy Questionnaire (KCCQ),

6‐minute walk distance (6MWD) and

cardiopulmonary exercise testing
(3)

.

Data from four HF clinical trials were used to

examine the association of NYHA functional

class with survival: TOPCAT (Treatment of

Preserved Cardiac Function Heart Failure With

an Aldosterone Antagonist) , DIG (The Effect
(4)

of Digoxin on Mortality and Morbidity in

Patients With Heart Failure) , HF‐ACTION
(5)

(Efficacy and Safety of Exercise Training in

Patients With Chronic Heart Failure) , and
(6)

GUIDE‐IT (Guiding Evidence‐Based Therapy

Using Biomarker Intensified Treatment in

Heart Failure) .
(7)

The results are implying that the prognostic

value of NYHA classification is largely

dependent on the baseline risk of the patient

in which it is assessed . So, the general
(3)

assumption that the NYHA classification is an

accurate measure of mortality risk and is

consistent across studies for patients of a

similar class is controversial .
(3)

Another classification of HF according to left

ventricular ejection fraction (LVEF) includes

HF with reduced ejection fraction (HFrEF): HF

with LVEF ≤40%; HF with mildly reduced

ejection fraction (HFmrEF): HF with LVEF

41–49%; HF with preserved ejection fraction

(HFpEF): HF with LVEF ≥50%; and HF with

improved ejection fraction (HFimpEF): HF

with a baseline LVEF ≤40%, a ≥10 point

increase from baseline LVEF, and a second

measurement of LVEF > 40% .
(8)

The burden of HF is increasing due to ageing,

and this is paradoxally due to a better

management of cardiovascular diseases in

deve loped count r ies . Genera l ly , i s

considered that the incidence is about 5/1000

person-year in Europe, but this assumption is

based on the cases that are revealed by

hospitalization . Worldwide there are 64
(9, 10)

million of people diagnosed with HF and

under specific treatment.

The prevalence is different and depends on

the age of the patients: it is> 10% at over 70

years and less than 1% at <55 years .
(11,12,13,14)

HF is also underestimated being a diagnosis

many times challenging, especially in

primary care. From a base of patients of 36

748, diagnosed with HF at the time a

hospitalization, during January 2010 to March

2013, more than 41% had a primary care

consultation with one of three key HF

symptoms recorded within 5 years prior to

the hospitalization but no more investigation

was required by a primary physician .
(15)

Review- Glucagon-like peptide-1

receptor agonists and cardiovascular

diseases including heart failure

GLP-1 RAs was designed to function like the

endogenous glucagon-like peptide 1 (GLP1),

an incretin hormone produced by L cells in the

intestine. Postprandially, the levels of GLP1

increase dramatically to stimulate insulin

biosynthesis and release, suppress glucagon

release, delay gastric emptying, improve

glucose metabolism, and increase satiety
(16,

17)

. Drugs such as GLP-1 RAs enable control of

blood glucose and weight loss with minimal

side effects, proving beneficial in several

other pathologies, including cardiovascular

diseases, neurodegeneration, kidney

disease, and cancer . Several studies
(17)

proven cardiovascular benefits by reduction

of MACE for dulaglutide (REWIND), albiglutide

(Harmony), Semaglutide (SUSTAIN-6),

liraglutide (LEADER) . However, the role of
(18)

GLP-1 RAs in HF is still under research.
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Coronary artery disease is the most frequent

etiology which leads to heart failure.

Physiological acute inflammation is essential

for cardiac repair and defense mechanisms

after an injury such as myocardial infarction .
(19)

Sometimes inflammation becomes chronic

under some cardiometabolic defects such as

obesity, hypertension, and diabetes which are

underlying causes for the genesis of sustained

and suboptimal resolution of this process .
(19)

Some antidiabetic cardiovascular drugs (e.g.,

SGLT2 inhibitors, GLP-1 analogs) seem to have

immunomodulatory properties and display

potent antioxidant effects, with results on

lowering cardiovascular risk . In a double-
(20)

blind, randomized and placebo-controlled trial,

a group of 195 patients was included in four

arms and examined during one year period:

placebo, moderate-to-vigorous exercise

(minimum of 150 min/week of moderate-

intensity or 75 min/week of vigorous-intensity

aerobic physical activity or an equivalent

combination of both), the GLP-1 RA liraglutide

3.0 mg/day, or a combination (exercise +

liraglutide) . The results showed that the
(21)

patients who were on the combination of

exercise and GLP-1 RA improved metabolic

syndrome severity, abdominal obesity and

inflammation measured by hsPCR .
(21)

So, it is reasonable to think that using GLP-1 RA

in heart failure could be a critical breakthrough

in treatment options available for these

patients. A systematic review and meta-

analysis published in 2023 used the

information obtained by pooling the data from

9 randomized controlled trials (RCTs)

comprising 871 subjects with HFrEF . Patients
(22)

from small study populations available with

different modes of administration and in

varying settings with established HFrEF on

GLP-1 RAs with or without diabetes were

evaluated on mortality, hospitalization due to

acute exacerbation, left ventricular function,

and aerobic endurance through 6-minute walk

test (6MWT) .
(22)

The results suggested that GLP-1 RAs could not

improve mortality or hospitalizations in HFrEF

patients on this treatment and could not

improve cardiac remodeling which is an

important indicator of morbidity and long-term

outcomes, with no improvement in LVEF or

6MWT .
(22)

But this meta-analyze contradicts some of the

previous research published: in 2015 several

90 patients with non-ST-segment elevation

myocardial infarction (NSTEMI) were

randomized 1:1 to receive either liraglutide

(0.6 mg for 2 days, 1.2 mg for 2 days, followed

by 1.8 mg for 3 days) or placebo for 7 days and

the results showed improved LVEF AND 6

MWT . Another systematic review and meta-
(23)

analysis for injectable or oral GLP-1 receptor

agonists in patients with type 2 diabetes

estimate the overall hazard ratio (HR) for

MACE; its components; all-cause mortality;

hospital admission for heart failure; a
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composite kidney outcome consisting of the

development of macroalbuminuria, doubling

of serum creatinine, or at least 40% decline in

estimated glomerular filtration rate (eGFR),

kidney replacement therapy, or death due to

kidney disease; worsening of kidney function,

based on eGFR change; and odds ratios for key

safety outcomes had encouraging results .
(24)

GLP-1 RA reduced the risk of individual MACE

components, all-cause mortality, hospital

admission for heart failure, and worsening

kidney function in patients with type 2

diabetes .
(24)

So is plausible to assume that GLP-1 RAs is

effective before the loss of LVEF after

myocardial infarct ion and modulate

inflammation and endothelial dysfunction in

patients with cardiometabolic risk such as

obesity and diabetes.

In August 2023 a randomized, double-

controlled study using HFpEF forGLP-1 RAs in

obese patients without diabetes randomly

assigned 529 to receive once-weekly

semaglutide (2.4 mg) or placebo for 52

weeks . The primary endpoints were the
(25)

change from baseline in the clinical summary

score KCCQ and the change in body weight,

the secondary endpoints included the change

in the 6-minute walk distance . It is also
(25)

known that patients with HFpEF and obesity

have more adverse hemodynamic and clinical

features and a greater symptom burden,

worse functional capacity, and more severely

impaired quality of life than those with heart

failure with preserved ejection fraction but no

obesity . The results proved that
(25, 26, 27)

treatment with semaglutide (2.4 mg) led to

larger reductions in symptoms and physical

limitations, greater improvements in exercise

function, and greater weight loss than

placebo . In a
(25)

prespecified analysis was

assessed the effects of semaglutide across the

baseline LVEF in patients with the obesity

phenotype of HF with preserved ejection

fraction (HFpEF) in the STEP-HFpEF where

patients were categorized into 3 groups based

on LVEF: 45% to 49% (n = 85), 50% to 59% (n

= 215), and ≥60% (n = 229) . The results on
(28)

symptoms, physical limitations, and exercise

function, and reduced inflammation and body

weight to a similar extent across LVEF

categories mentioned above .
(28)

HFpEF is frequent in patients with obesity

because of the underlying common

mechanism that include modulation of cardiac

load (modified at obese persons), plasma

volume, filling pressures, energy expenditure,

sympathetic nervous activity, cardio-renal

interactions, accumulation of fat and lipids.

Essential is inflammatory cascade that triggers

endothelial dysfunction, microvascular

dysfunction, atrial fibrosis, insulin resistance,

all of these known to contribute to coronary

artery disease, atrial fibrillation, hypertension,

diabetes, chronic kidney disease, and last but

the most important to HFpEF .
(29)

Human epicardial adipose tissue (EAT) is a

unique and multifunctional fat compartment

of the heart, which is composed of

adipocytes, nerve tissues, inflammatory,

stromovascular, and immune cells . Due to
(30)

its distinctive composition and functional

proximity to the heart, EAT can play an

important role in the development and

progression of coronary artery disease, atrial

fibrillation, and heart failure, and given its

rapid metabolism and simple measurability,

can be considered a novel therapeutic target,

owing to its responsiveness to drugs with

p l e i o t r o p i c a n d c l e a r b e n e f i c i a l

cardiovascular effects such as the glucagon-

like peptide-1 receptor (GLP-1R) agonists .
(30)

Using microarray and immunohistochemistry

analyses for samples of epicardial adipose

tissue collected from 33 patients affected by

cardiovascular diseases undergoing open
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heart surgery the presence of glucose-

dependent insulinotropic polypeptide (GIP),

glucagon (GCG), and glucagon-like peptide-1

(GLP-1) was demonstrated. So, it may be a

future development for associate treatments

using two or three combinations of those

molecules to target pleiotropic therapies for

these patients who developed heart failure

with coronary artery disease .
(30)

It is considered that GLP-1 RA has a key role in

inflammation. That role can be partially

explained by the interactions between renin-

angiotensin-aldosterone system (RAAS) and

GLP-1 RA. GLP1-RA counteract the action of

angiotensin II inhibiting its synthesis,

increasing the inactivation of its circulating

form, and contrasting its action on target

tissue like glomerular endothelial cells and

cardiomyocytes, in this way being explained

better the cardio-renal protective effects .
(31)

Conclusions

The role of GLP-1 RAs in HF needs more

research to establish when it is beneficial (for

example in HFpEF where needs to be

compared with the effect of SGLT-2 inhibitors)

and when is controversial to administrate.

More studies in this area are needed because

HF is a disease with growing incidence and

prevalence and a public health problem

leading to severely impaired quality of life

and high mortality for patients.

Conflict of interest statement: none declared.

Funding: none.

References:

1. Theresa A McDonagh, Marco Metra, Marianna

Adamo, Roy S Gardner, Andreas Baumbach, Michael

Böhm, Haran Burri, Javed Butler, Jelena Čelutkienė,

Ovidiu Chioncel, John G F Cleland, Andrew J S Coats,

Maria G Crespo-Leiro, Dimitrios Farmakis, Martine Gilard,

Stephane Heymans, Arno W Hoes, Tiny Jaarsma, Ewa A

Jankowska, Mitja Lainscak, Carolyn S P Lam, Alexander R

Lyon, John J V McMurray, Alexandre Mebazaa, Richard

Mindham, Claudio Muneretto, Massimo Francesco

Piepoli, Susanna Price, Giuseppe M C Rosano, Frank

Ruschitzka, Anne Kathrine Skibelund, ESC Scientific

Document Group , 2021 ESC Guidelines for the diagnosis

and treatment of acute and chronic heart failure:

Developed by the Task Force for the diagnosis and

treatment of acute and chronic heart failure of the

European Society of Cardiology (ESC) With the special

contribution of the Heart Failure Association (HFA) of the

ESC, European Heart Journal, Volume 42, Issue 36, 21

September 2021, Pages 3599–3726, https://doi.org/

10.1093/eurheartj/ehab368.

2. Angela S Koh, Wan Ting Tay, Tiew Hwa Katherine

Teng, Ola Vedin, Lina Benson, Ulf Dahlstrom, Gianluigi

Savarese, Carolyn S P Lam, Lars H Lund, A

comprehensive population-based characterization of

heart failure with mid-range ejection fraction, Eur J Heart

Fail 2017;19:1624-1634.

3. Caraballo C, Desai NR, Mulder H, Alhanti B, Wilson FP,

Fiuzat M, Felker GM, Piña IL, O'Connor CM, Lindenfeld J,

Januzzi JL, Cohen LS, Ahmad T. Clinical Implications of the

New York Heart Association Classification. J Am Heart

Assoc. 2019 Dec 3;8(23):e014240. doi: 10.1161/

JAHA.119. 014240. Epub 2019 Nov 27. PMID: 31771438;

PMCID: PMC6912957.

4. Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS,

Claggett B, Clausell N, Desai AS, Diaz R, Fleg JL, Gordeev

I, Harty B, Heitner JF, Kenwood CT, Lewis EF, O'Meara E,

General Reviews



45

Probstfield JL, Shaburishvili T, Shah SJ, Solomon SD,

Sweitzer NK, Yang S, McKinlay SM; TOPCAT Investigators.

Spironolactone for heart failure with preserved ejection

fraction. N Engl J Med. 2014;370:1383-1392.

5. Digitalis Investigation G. The effect of digoxin on

mortality and morbidity in patients with heart failure. N

Engl J Med. 1997;336:525-533.

6. O'Connor CM, Whellan DJ, Lee KL, Keteyian SJ,

Cooper LS, Ellis SJ, Leifer ES, Kraus WE, Kitzman DW,

Blumenthal JA, Rendall DS, Miller NH, Fleg JL, Schulman

KA, McKelvie RS, Zannad F, Pina IL. Efficacy and safety of

exercise training in patients with chronic heart failure:

HF‐ACTION randomized controlled trial. JAMA.

2009;301:1439-1450.

7. Felker GM, Anstrom KJ, Adams KF, Ezekowitz JA,

Fiuzat M, Houston‐Miller N, Januzzi JL Jr, Mark DB, Pina IL,

Passmore G, Whellan DJ, Yang H, Cooper LS, Leifer ES,

Desvigne‐Nickens P, O'Connor CM. Effect of natriuretic

peptide‐guided therapy on hospital ization or

cardiovascular mortality in high‐risk patients with heart

failure and reduced ejection fraction: a randomized

clinical trial. JAMA. 2017;318:713-720.

8. Biykem Bozkurt, Andrew J.S. Coats, Hiroyuki Tsutsui,

Ca Magdy Abdelhamid, Stamatis Adamopoulos, Nancy

Albert, Stefan D. Anker, John Atherton, Michael Böhm,

Javed Butler, Mark H. Drazner, G. Michael Felker,

Gerasimos Filippatos, Mona Fiuzat, Gregg C. Fonarow,

Juan-Esteban Gomez-Mesa, Paul Heidenreich, Teruhiko

Imamura, Ewa A. Jankowska, James Januzzi, Prateeti

Khazanie, Koichiro Kinugawa, Carolyn S.P. Lam, Yuya

Matsue, Marco Metra, Tomohito Ohtani, Massimo

Francesco Piepoli, Piotr Ponikowski, Giuseppe M.C.

Rosano, Yasushi Sakata, Petar Seferović, Randall C.

Starling, John R. Teerlink, Orly Vardeny, Kazuhiro

Yamamoto, Clyde Yancy, Jian Zhang, Shelley Zieroth,

Universal definition and classification of heart failure: a

report of the Heart Failure Society of America, Heart

Failure Association of the European Society of

Cardiology, Japanese Heart Failure Society and Writing

Committee of the Universal Definition of Heart Failure,

https://doi.org/10.1002/ejhf.2115, , Eur J Heart Fail

2021;23:352-380.

9. Meyer S, Brouwers FP, Voors AA, Hillege HL, de Boer

RA, Gansevoort RT, van der Harst P, Rienstra M, van

Gelder IC, van Veldhuisen DJ, van Gilst WH, van der Meer

P. Sex differences in new-onset heart failure. Clin Res

Cardiol. 2015 Apr;104(4):342-50. doi: 10.1007/s00392-

014-0788-x. Epub 2014 Nov 15. PMID: 25398254.

10. Brouwers FP, de Boer RA, van der Harst P, Voors AA,

Gansevoort RT, Bakker SJ, Hillege HL, van Veldhuisen DJ,

van Gilst WH. Incidence and epidemiology of new onset

heart failure with preserved vs. reduced ejection fraction

in a community-based cohort: 11-year follow-up of

PREVEND. Eur Heart J. 2013 May;34(19):1424-31. doi:

10.1093/eurheartj/eht066. Epub 2013 Mar 6. PMID:

23470495.

11. van Riet EE, Hoes AW, Wagenaar KP, Limburg A,

Landman MA, Rutten FH. Epidemiology of heart failure:

the prevalence of heart failure and ventricular

dysfunction in older adults over time. A systematic

review. Eur J Heart Fail. 2016 Mar;18(3):242-52. doi:

10.1002/ejhf.483. Epub 2016 Jan 4. PMID: 26727047.

12. Benjamin EJ, Virani SS, Callaway CW, Chamberlain

AM, Chang AR, Cheng S, Chiuve SE, Cushman M, Delling

FN, Deo R, de Ferranti SD, Ferguson JF, Fornage M,

Gillespie C, Isasi CR, Jiménez MC, Jordan LC, Judd SE,

Lackland D, Lichtman JH, Lisabeth L, Liu S, Longenecker

CT, Lutsey PL, Mackey JS, Matchar DB, Matsushita K,

Mussolino ME, Nasir K, O'Flaherty M, Palaniappan LP,

Pandey A, Pandey DK, Reeves MJ, Ritchey MD, Rodriguez

CJ, Roth GA, Rosamond WD, Sampson UKA, Satou GM,

Shah SH, Spartano NL, Tirschwell DL, Tsao CW, Voeks JH,

Willey JZ, Wilkins JT, Wu JH, Alger HM, Wong SS, Muntner

P; American Heart Association Council on Epidemiology

and Prevention Statistics Committee and Stroke

Statistics Subcommittee. Heart Disease and Stroke

Statistics-2018 Update: A Report From the American

H e a r t A s s o c i a t i o n . C i r c u l a t i o n . 2 0 1 8 M a r

20;137(12):e67-e492. doi: 10.1161/ CIR.000000

0000000558. Epub 2018 Jan 31. Erratum in: Circulation.

2018 Mar 20;137(12 ):e493. PMID: 29386200.

13. van Riet EE, Hoes AW, Wagenaar KP, Limburg A,

Landman MA, Rutten FH. Epidemiology of heart failure:

the prevalence of heart failure and ventricular

dysfunction in older adults over time. A systematic

review. Eur J Heart Fail. 2016 Mar;18(3):242-52. doi:

10.1002/ejhf.483. Epub 2016 Jan 4. PMID: 26727047.

14. Bibbins-Domingo K, Pletcher MJ, Lin F, Vittinghoff E,

Gardin JM, Arynchyn A, Lewis CE, Williams OD, Hulley SB.

Racial differences in incident heart failure among young

adults. N Engl J Med. 2009 Mar 19;360(12):1179-90. doi:

10.1056/NEJMoa0807265. PMID: 19297571; PMCID:

PMC2829671.

15. Bottle A, Kim D, Aylin P, Cowie MR, Majeed A, Hayhoe

B. Routes to diagnosis of heart failure: observational

study using linked data in England. Heart. 2018

Apr;104(7):600-605. doi: 10.1136/heartjnl-2017-

312183. Epub 2017 Oct 5. PMID: 28982720.

16. Edwards, C.M.; Todd, J.F.; Mahmoudi, M.; Wang, Z.;

Wang, R.M.; Ghatei, M.A.; Bloom, S.R. Glucagon-like

peptide 1 has a physiological role in the control of

postprandial glucose in humans: Studies with the

antagonist exendin 9-39. Diabetes 1999, 48, 86–93.

(Google Scholar) (CrossRef) (PubMed)

17. Wilbon SS, Kolonin MG. GLP1 Receptor Agonists-

Effects beyond Obesity and Diabetes. Cells. 2023 Dec

28;13(1):65. doi: 10.3390/cells13010065. PMID:

38201269; PMCID: PMC10778154.

Internal Medicine 20 4 vol. X I No. 1 - www.srmi.ro2 XGeneral Reviews



46

18. Helmstädter J, Keppeler K, Küster L, Münzel T, Daiber

A, Steven S. Glucagon-like peptide-1 (GLP-1) receptor

agonists and their cardiovascular benefits-The role of the

GLP-1 receptor. Br J Pharmacol. 2022 Feb;179(4):659-

676. doi: 10.1111/bph.15462. Epub 2021 May 6. PMID:

33764504; PMCID: PMC8820186.

19. Halade GV, Lee DH. Inflammation and resolution

signaling in cardiac repair and heart failure.

EBioMedicine. 2022 May;79:103992. doi: 10.1016/

j.ebiom. 2022.103992. Epub 2022 Apr 8. PMID:

35405389; PMCID: PMC9014358.

20. Steven S, Frenis K, Oelze M, Kalinovic S, Kuntic M,

Bayo Jimenez MT, Vujacic-Mirski K, Helmstädter J, Kröller-

Schön S, Münzel T, Daiber A. Vascular Inflammation and

Oxidative Stress: Major Triggers for Cardiovascular

Disease. Oxid Med Cell Longev. 2019 Jun 23;2019:

7092151. doi: 10.1155/2019/7092151. PMID: 31341533;

PMCID: PMC6612399.

21. Sandsdal RM, Juhl CR, Jensen SBK, Lundgren JR,

Janus C, Blond MB, Rosenkilde M, Bogh AF, Gliemann L,

Jensen JB, Antoniades C, Stallknecht BM, Holst JJ,

Madsbad S, Torekov SS. Combination of exercise and

GLP-1 receptor agonist treatment reduces severity of

metabolic syndrome, abdominal obesity, and

inflammation: a randomized controlled trial. Cardiovasc

Diabetol. 2023 Feb 25;22(1):41. doi: 10.1186/s12933-

023-01765-z. PMID: 36841762; PMCID: PMC9960425.

22. Merza N, Akram M, Mengal A, Rashid AM, Mahboob A,

Faryad M, Fatima Z, Ahmed M, Ansari SA. The Safety and

Efficacy of GLP-1 Receptor Agonists in Heart Failure

Patients: A Systematic Review and Meta-Analysis. Curr

Prob l Card io l . 2023 May;48(5) :101602. do i :

10.1016/j.cpcardiol.2023.101602. Epub 2023 Jan 20.

PMID: 36682393.

23. Chen WR, Shen XQ, Zhang Y, Chen YD, Hu SY, Qian G,

Wang J, Yang JJ, Wang ZF, Tian F. Effects of liraglutide on

left ventricular function in patients with non-ST-segment

elevation myocardial infarction. Endocrine. 2016

Jun;52(3):516-26. doi: 10.1007/s12020-015-0798-0.

Epub 2015 Nov 16. PMID: 26573925.

24. Sattar N, Lee MMY, Kristensen SL, Branch KRH, Del

Prato S, Khurmi NS, Lam CSP, Lopes RD, McMurray JJV,

Pratley RE, Rosenstock J, Gerstein HC. Cardiovascular,

mortality, and kidney outcomes with GLP-1 receptor

agonists in patients with type 2 diabetes: a systematic

review and meta-analysis of randomised trials. Lancet

Diabetes Endocrinol. 2021 Oct;9(10):653-662. doi:

10.1016/ S2213-8587(21)00203-5. Epub 2021 Aug 20.

PMID: 34425083.

25. Kosiborod MN, Abildstrøm SZ, Borlaug BA, Butler J,

Rasmussen S, Davies M, Hovingh GK, Kitzman DW,

Lindegaard ML, Møller DV, Shah SJ, Treppendahl MB,

Verma S, Abhayaratna W, Ahmed FZ, Chopra V,

Ezekowitz J, Fu M, Ito H, Lelonek M, Melenovsky V,

Merkely B, Núñez J, Perna E, Schou M, Senni M, Sharma K,

Van der Meer P, von Lewinski D, Wolf D, Petrie MC; STEP-

HFpEF Trial Committees and Investigators. Semaglutide

in Patients with Heart Failure with Preserved Ejection

Fraction and Obesity. N Engl J Med. 2023 Sep

21;389(12):1069-1084. doi: 10.1056/NEJMoa2306963.

Epub 2023 Aug 25. PMID: 37622681.

26. Sorimachi H, Burkhoff D, Verbrugge FH, Omote K,

Obokata M, Reddy YNV, Takahashi N, Sunagawa K,

Borlaug BA. Obesity, venous capacitance, and venous

compliance in heart failure with preserved ejection

fraction. Eur J Heart Fail. 2021 Oct;23(10):1648-1658.

doi: 10.1002/ejhf.2254. Epub 2021 Jun 17. PMID:

34053158.

27. Reddy YNV, Lewis GD, Shah SJ, Obokata M, Abou-

Ezzedine OF, Fudim M, Sun JL, Chakraborty H, McNulty S,

LeWinter MM, Mann DL, Stevenson LW, Redfield MM,

Borlaug BA. Characterization of the Obese Phenotype of

Heart Failure With Preserved Ejection Fraction: A RELAX

Trial Ancillary Study. Mayo Clin Proc. 2019 Jul;94(7):

1199-1209. doi: 10.1016/j. mayocp. 2018. 11.037.

PMID: 31272568.

28. Butler J, Abildstrøm SZ, Borlaug BA, Davies MJ,

Kitzman DW, Petrie MC, Shah SJ, Verma S, Abhayaratna

WP, Chopra V, Ezekowitz JA, Fu M, Ito H, Lelonek M, Núñez

J, Perna E, Schou M, Senni M, van der Meer P, von Lewinski

D, Wolf D, Altschul RL, Rasmussen S, Kosiborod MN.

Semaglutide in Patients With Obesity and Heart Failure

General Reviews



47Internal Medicine 20 4 vol. X I No. 1 - www.srmi.ro2 XGeneral Reviews

Across Mildly Reduced or Preserved Ejection Fraction. J

Am Coll Cardiol. 2023 Nov 28;82(22):2087-2096. doi:

10.1016/j.jacc.2023.09.811. Epub 2023 Oct 8. PMID:

37993201.

29. Kato ET, Lewis BS, Ono K. GLP-1 receptor agonists:

new game changing drugs in patients with heart failure

with preserved ejection fraction and obesity. Eur Heart J

Cardiovasc Pharmacother. 2023 Dec 14;9(8):679-680.

doi: 10.1093/ehjcvp/pvad072. PMID: 37777847.

30. Malavazos AE, Iacobellis G, Dozio E, Basilico S, Di

Vincenzo A, Dubini C, Menicanti L, Vianello E, Meregalli

C, Ruocco C, Ragni M, Secchi F, Spagnolo P,

Castelvecchio S, Morricone L, Buscemi S, Giordano A,

Goldberger JJ, Carruba M, Cinti S, Corsi Romanelli MM,

Nisoli E. Human epicardial adipose tissue expresses

glucose-dependent insulinotropic polypeptide,

glucagon, and glucagon-like peptide-1 receptors as

potential targets of pleiotropic therapies. Eur J Prev

C a r d i o l . 2 0 2 3 J u n 1 ; 3 0 ( 8 ) : 6 8 0 - 6 9 3 . d o i :

10.1093/eurjpc/zwad050. PMID: 36799940.

31. Puglisi S, Rossini A, Poli R, Dughera F, Pia A, Terzolo

M, Reimondo G. Effects of SGLT2 Inhibitors and GLP-1

Receptor Agonists on Renin-Angiotensin-Aldosterone

System. Front Endocrinol (Lausanne). 2021 Oct

21;12:738848. doi: 10.3389/fendo.2021.738848. PMID:

34745006; PMCID: PMC8567993.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


