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Резюме. Метаболитните нарушения като неалкохолна мастна чернодробна болест (NAFLD/NASH) и хронична сърдечна 
недостатъчност (ХСН) непрекъснато нарастват и с тях нараства необходимостта от комбинирани терапии. Проме-
ните в начина на живот са основният подход към метаболитните нарушения. Въпреки това употребата на агонисти 
на глюкагон-подобен пептид-1 рецептор (GLP1RA) и инхибитори на натриево-глюкозен котранспортер-2 (SGLT2) 
доказва все по-категорично подобряването на кардиометаболитния статус при пациенти със и без диабет. В насто-
ящия обзор се фокусирахме върху проучвания с недиабетни метаболитни нарушения. Резултатите подчертават 
хепатопротективния ефект на GLP1RAs при хистологичното разделяне на NASH/NAFLD и подобрение в серумните 
чернодробни ензими. GLP1RAs, особено Liraglutide, помагат за намаляване на честотата на изпражненията при 
пациенти, страдащи от малабсорбция на жлъчни киселини. SGLT2 инхибиторите подобряват сърдечно-съдовите 
и бъбречните резултати и редуцират честотата на хоспитализация за сърдечна недостатъчност, независимо от 
диабетния статус. GLP1RA намалява телесната маса и съдовото възпалението. В заключение, най-актуалните 
проучвания по съответните теми показват, че GLP1RA и SGLT2 инхибиторите имат обещаващи системни благопри-
ятни ефекти върху пациенти с метаболитни нарушения със или без захарен диабет тип 2.

Ключови думи: неалкохолна чернодробна стеатоза, стеатохепатит, малабсорбция на жлъчни киселини, хронична сърдечна недостатъч-
ност, сърдечна недостатъчност със запазена фракция на изтласкване, сърдечна недостатъчност с редуцирана фракция 
на изтласкване, агонисти на глюкагон-подобен пептид-1 рецептор, инхибитори на натриево-глюкозен котранспортер-2
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Abstract. In a world where metabolic disorders such as non-alcoholic fatty liver disease (NAFLD/NASH) and chronic heart failure (CHF) 
steadily increase, the limitations of current therapies become even more apparent. Lifestyle changes have been the primary 
approach to metabolic disorders. However, the new use of glucagon-like peptide-1 receptor agonists (GLP1RA) and sodium-
glucose cotransporter-2 (SGLT2) – inhibitors seem to present a breakthrough in improving the outcome of metabolic disorders 
in diabetic and non-diabetic patients. In the current review, we focused on studies with non-diabetic metabolic disorders. The 
results underlined the hepatoprotective effect of GLP1RAs on the histological resolution of NASH/NAFLD and improved serum 
liver enzyme. GLP1RAs, especially Liraglutide, also seem benefi cial in reducing stool frequency in patients suffering from bile 
acid malabsorption (BAM). SGLT2 inhibitors improve cardiovascular and renal outcomes and decrease the hospitalization rate 
for heart failure, regardless of the diabetes status. GLP1RA reduce body mass and infl ammation . In conclusion, the most up-
to-date studies on the respective topics show that GLP1RAs and SGLT2 inhibitors have promising systemic benefi cial effects 
on patients with metabolic disorders with or without type 2 diabetes mellitus.
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Iඖගක඗ඌඝඋගඑ඗ඖ
Metabolic disorders and obesity are chronic dis-

eases and key risk factor for the progression of type 2 
diabetes mellitus (T2DM), chronic heart failure, non-al-
coholic fatty liver disease (NAFLD), non-alcoholic ste-
atohepatitis (NASH), bile acid malabsorption (BAM), 
chronic kidney disease (CKD) and also associated with 
high risk of cardiovascular and renal mortality [1]. The 
prevalence of these conditions is growing among the 
general population ranging between 22 and 37% (US: 
22-32%; Europe 29-37%; Asia: 29.7%) [2]. Although 
lifestyle changes play an essential role in the treatment 
plan of the respective disorders, many patients do not 
reach their favored outcome, and they need additional 
medications [3].

Recently, it has come to the attention that the 
anti-diabetic medication groups glucagon-like-pep-
tide-1-receptor-agonists (GLP1RAs) and sodium-de-
pendent-glucose co-transporter-2-inhibitors (SGLT2i) 
might add a benefi cial eff ect to the regression of meta-
bolic disorders in non-diabetic patients [4].

GLP1RAs are a group of subcutaneously injectable 
anti-diabetic medications that works by binding to the 
GLP1 receptor, therefore reducing hyperglycemia, de-
laying gastric emptying to decrease postprandial glu-
cose and reducing glucagon secretion [5]. On the other 
hand, SGLT2i work by binding to the SGLT2 receptor in 
the proximal tubule of the kidney, decreasing glucose 
reuptake and increasing glucose excretion [6].

The present review aims to evaluate the benefi cial 
systemic eff ects and new prospective use of GLP1RAs 
and SGLT2i in non-diabetic patients with metabolic dis-
orders, specifi cally focusing on NAFLD, NASH, chronic 
heart failure, chronic kidney disease and BAM.

GLP1RAඛ ඉඖඌ NAFLD/NASH 
Glucagon-like peptide (GLP1) is an intestinal hor-

mone released from the intestine in response to food 
consumption. GLP-1 exhibits a glucose-lowering action 
through its glucose-dependent ability to inhibit gluca-
gon secretion and stimulate insulin secretion from the 
pancreas. These metabolic eff ects of GLP-1 contribute 
to its anti-NASH activity. GLP-1 secretion is reported 
to be impaired in patients with NAFLD and NASH, 
suggesting the potential role of GLP1RAs in NAFLD 
treatment [7]. Studies suggest that GLP1RAs reduce 
fat accumulation by activating macroautophagy and 
chaperone-mediated autophagy [8].

NASH is a chronic progressive form of liver injury 
and infl ammation that belongs to the group of NAFLD, 
and If it’s not treated, it can develop liver cirrhosis and 
liver failure [8]. The current approach to treating NASH 
includes lifestyle changes such as diet improvement 

and weight loss, then adding pharmacological agents. 
New approaches aim to observe a potential benefi cial 
eff ect of anti-hyperglycemic medication such as the 
GLP1RAs (liraglutide and semaglutide) on the resolu-
tion of NAFLD/NASH [9].

Several clinical trials have been conducted using 
semaglutide and liraglutide for treating NASH. The 
“LEAN” study investigates the safety and effi  cacy of Li-
raglutide in patients with NASH. The primary outcome 
was the improvement in liver histology. The second 
outcome was the changes in the NAFLD activity score, 
individual components of the NAFLD activity score and 
the Kleiner fi brosis stage. The study showed that treat-
ing NASH/NAFLD with Liraglutide resulted in histologi-
cal resolution and a better disease outcome [1].

Apart from meeting the primary outcome, the pa-
tients in the Liraglutide group showed a reduction in 
serum gamma-glutamyl transferase and body weight 
and body mass index (BMI). 

As NAFLD/NASH become more apparent world-
wide, the “LEAN” study has provided insight into the 
eff ectiveness of GLP1RAs in treating NASH in nondia-
betic metabolic disorders patients [1]. 

The Newsome et al. study observed the eff ect of 
the GLP1RAs (Semaglutide) on patients with NASH/
NAFLD and the primary outcome was the resolution of 
NAFLD/NASH without worsening liver fi brosis. In con-
trast, the secondary outcome was improving at least 
one stage of liver fi brosis without worsening NASH. 
Combined NASH resolution and fi brosis improvement 
showed 37% of patients in the semaglutide group and 
15% in the placebo group. Additionally, liver-enzymes 
and exploratory biomarkers were reduced in the sema-
glutide group as well as a reduction in body weight and 
a decrease in HbA1C [10].

GLP1RAඛ ඉඖඌ BAM 
(ඊඑඔඍ ඉඋඑඌ ඕඉඔඉඊඛ඗ක඘ගඑ඗ඖ)
Bile acid malabsorption (BAM) is characterized by 

bile acid diarrhea, including increased stool frequen-
cy and urgency. BAM can be divided into three types: 
1) type 1 BAM or secondary BAM includes patients with 
ileal pathology such as Crohn’s disease or ileal resec-
tion that can eventually lead to malabsorption of bile; 
(2) Type 2 BAM or idiopathic BAM, an underlying cause 
has not been found; (3) type 3 BAM includes other un-
derlying causes, for instance, coeliac disease [11]. Di-
abetes Mellitus type 2 (T2DM) is an additional reason 
for developing BAM, as bile acids play an essential role 
in insulin resistance through their insulin-sensitizing ef-
fect. Treatment with GLP1RAs improves insulin resis-
tance, and it is a commonly used drug in T2DM [12].

Standard treatment for BAM so far includes bile 
acid sequestrants (BAS) such as Cholestyramine or 
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Colesevelam. Considering their partial eff ectiveness 
and gastrointestinal side eff ects such as nausea, fl atu-
lence, abdominal pain, dyspepsia, borborygmi and con-
stipation, the latest research considers the long-acting 
GLP1RAs (Liraglutide) as a new prospective treatment 
in BAM. The BAM – LIRA study suggest that Liraglutide 
may be a more effi  cient treatment of BAM than Cole-
sevelam [11].

Sodium–glucose cotransporter 2 inhibitors 
(SGLT2i) in heart failure
SGLT2 inhibitors improve glycaemic control by 

blocking glucose reabsorption in the kidney’s proximal 
tubule through increased glycosuria. SGLT2i are ef-
fective anti-diabetic drugs in patients with T2DM and 
are associated with enhanced glycaemic control and 
reduction in BMI and blood pressure. The recent data 
from DAPA-HF and EMPEROR trials prove the use of 
an SGLT2i for patients with heart failure with reduced 
ejection fraction (HFrEF) with or without T2DM. The 
benefi ts seemed to be independent of glycemia and 
SGLT2i improved cardiovascular and renal outcomes 
and lower the frequency of hospitalization for heart fail-
ure, regardless of the diabetes status [13].  New stud-
ies proved that SGLT2i are benefi cial in HFpEF also. 

Dapaglifl ozin (SGLT2i) is now approved for routine 
treatment of HF with all spectrums of ejection fraction in 
adults regardless of diabetic status. [14]. Mechanisms 
of action are pleiotropic, including early natriuresis with 
reduced plasma volume, strengthening of the endothe-
lium, a reduction in blood pressure, decrease in adi-
pose tissue-mediated infl ammation including epicardial 
fat and pro-infl ammatory cytokines, reduced oxidative 
stress, lowered serum uric acid level, reduced glomer-
ular hyperfi ltration and albuminuria [15]. SGLT2 inhib-
itors administration to non-diabetic patients with HF 
shows improvement in the left ventricle (LV) volumes, 
LV mass, LV systolic function and New York Heart As-
sociation (NYHA) class [16].  

DAPA-HF trial introduced 4744 patients with HFrEF 
taking dapaglifl ozin versus placebo. Dapaglifl ozin 
scaled down both worsening heart failure or cardio-
vascular mortality as well as hospitalization for HF re-
gardless of diabetic status [13]. EMPEROR-Reduced 
and EMPEROR-Preserved trials showed comparison 
between patients that are with heart failure with pre-
served ejection fraction (HFpEF) given empaglifl ozin 
compared to placebo and patients with HFrEF [17, 18]. 
SOLOIST-WHF and EMPULSE trials included hospital-
ized patients with both HFrEF and HFpEF taking sota-
glifl ozin/empaglifl ozine versus placebo [19]. Outcomes 
of the studies showed reduced cardiovascular death 
and  signifi cantly lowered hospitalization rate regard-
less of diabetic status [20]. The DELIVER trial included 
both hospitalized patients and outpatients with an ejec-
tion fraction 40% or more given dapaglifl ozin versus 
placebo [21]. EMPACT-MI trial is currently investigating 
the role of empaglifl ozin in patients with acute myocar-
dial infarction and if it reduces the risk of heart failure 
or death [22]. Figure 1 shows the diff erent eff ects of 
SGLT2i on target organs.

GLP1RAඛ ඍඎඎඍඋග ඗ඖ ගඐඍ 
උඉකඌඑ඗ඞඉඛඋඝඔඉක ඛඡඛගඍඕ
Semaglutide and Liraglutide have a cardiopro-

tective eff ect and can reduce blood lipids and blood 
pressure (BP) levels and decrease atherosclerosis 
[23]. The anti-atherosclerosis eff ects of GLP1RAs in-
clude several mechanisms of action:  decrease of in-
fl ammation [24],  reduction of intima-media thickening, 
improvement of blood LDL levels, and modifi cation in 
endothelial function. Controlling infl ammation is be-
lieved to contribute to preventing cardiovascular dis-
eases [4]. GLP1RAs impact stabilizing atherosclerotic 
plaques, which may lead to protective eff ects against 
MACE in humans, regardless of diabetic status [25]. 
Studies show that GLP1RAs can reduce the outbreak 

Fig. 1. Eff ects of SGLT2i on diff erent organs
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of myocardial infarction (MI) [26]. Among patients with 
acute MI undergoing percutaneous interventions, GLP-
1 treatment can improve left ventricle contractility and 
also lessen the necrosis infarction size [27]. Around 
90-95% of cases of hypertension are caused by essen-
tial hypertension. Endothelial vascular cells produce 
vasoactive substances that play an important role in 
regulating blood pressure. A  meta-analysis by Wang 
et al. [28] showed that GLP1RAs reduce blood pres-
sure. The mechanism of action is in the secretion of 
atrial natriuretic peptide (ANP), activated by GLP1RAs, 
which lowers blood pressure. Studies have also shown 
that GLP1RAs have anti-proliferative eff ects on endo-
thelium cells. GLP1RAs mechanism of action includes 
the reduction of oxidative stress and an increase in the 
production of nitric oxide (NO) [29]. 

Figures 2, 3, and 4 show a patient with risk factors 
for atherosclerosis, diabetes mellitus, and obesity, who 
presents with high-grade coronary obstruction but with-
out chest pain. The patient declined percutaneous cor-
onary intervention and opted to continue treatment with 
SGLT2i and GLP1RAs. Despite the presence of high-
grade plaques, the patient experienced a reduction in 
symptoms and an improvement in physical capacity.

The pathophysiology of diabetic cardiomyopathy 
includes abnormal autophagy and mitochondrial injury. 
Regulating autophagy and infl ammatory signaling, GL-
P1RAs may improve mitochondrial function via the cardi-
oprotective eff ects of mesenchymal stem cells [30]. The 
heart failure LIVE trial shows uncertain safety for using 
Liraglutide in heart failure. No improvement in ejection 
fraction (EF) was observed. There was no enhancement 
in LV dimensions, NYHA class, or life quality in diabetic 
and non-diabetic patients. The statistically signifi cant in-
creased heart rate is a possible explanation for the fail-
ure of benefi ts [31]. Some trials show improvement in 
LV myocardial work. GLP-1 agonists may reduce myo-
cardial oxygen demand by lowering blood pressure and 
body weight, leading to decreased cardiac workload. 
There’s evidence suggesting improved cardiac effi  cien-
cy and function, particularly in patients with heart failure 

with preserved ejection fraction (HFpEF). Some stud-
ies suggest they could improve myocardial contractility 
by improving glucose uptake in cardiomyocytes (heart 
muscle cells). GLP-1 agonists can improve outcomes in 
patients with heart failure, although they are not specif-
ically approved for heart failure treatment. Their benefi t 
is largely indirect, through metabolic eff ects and weight 
loss. SGLT-2 inhibitors help reduce preload and after-
load due to their diuretic eff ect, leading to a reduction in 
cardiac workload and myocardial oxygen consumption.  
They promote ketone body production, which may serve 
as a more effi  cient energy substrate for the heart, espe-
cially under stress, thus enhancing myocardial energy 
effi  ciency. By lowering blood pressure and improving 
vascular stiff ness, SGLT-2 inhibitors reduce the overall 
strain on the heart, which helps reduce myocardial work-
load. GLP-1 agonists help with weight loss and glucose 
control, while SGLT-2 inhibitors improve energy utiliza-
tion and lower cardiac workload through diuresis.

Both classes lower blood pressure and reduce in-
fl ammation, thereby decreasing the overall strain on 
the heart. Some studies suggest that using both to-
gether might provide additive benefi ts, though clinical 
guidelines typically recommend starting one class and 
considering the other based on patient-specifi c factors. 
SGLT-2 inhibitors reduce blood glucose by preventing 
glucose reabsorption in the kidneys, leading to glycos-
uria (glucose excretion in urine).SGLT-2 inhibitors have 
been shown to reduce the risk of heart failure hospital-
ization, cardiovascular death, and improve outcomes 
in patients with both heart failure with reduced ejection 
fraction (HFrEF) and HFpEF. Nonetheless, the choice 
of therapy should be individualized, and these eff ects 
are best leveraged under the guidance of a healthcare 
provider familiar with a patient’s specifi c cardiovascular 
and metabolic profi le.

Figure 5 shows the myocardial work of the same 
patient with high-grade coronary obstruction, three 
months after starting treatment with both SGLT2i and 
GLP1RAs, demonstrating improved myocardial work.

      
Figures 2, 3, 4. CAD in asymptomatic diabetic patient undergoing CCTA (pictures from Imaging department UMHAT Tsaritsa Yoanna)
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C඗ඕ඘ඉකඑඛ඗ඖ ඊඍගඟඍඍඖ GLP1RAඛ 
ඉඖඌ SGLT2 එඖඐඑඊඑග඗කඛ එඖ ඐඍඉකග ඎඉඑඔඝකඍ 
SGLT2i are superior to GLP1RAs in reducing the 

risk of cardiovascular death, hospitalization for HF,  
and renal events. GLP1RA only reduced the risk of 
nonfatal stroke in one study, but both SGLT-2 inhibi-
tors and GLP1RAs can reduce MACE [32]. According 
to the LEADER trial, none of the GLP1RAs improved 
heart failure hospitalization frequency. SGLT2i sig-
nifi cantly reduced the frequency of hospitalization for 
HF and cardiovascular death. Also, they decrease the 
progression of kidney disease. The use of GLP1RAs 
on endothelial function and post-ischemic myocardial 

viability is more extensive and consistent than SGLT2i 
[33]. The key diff erences between SGLT2i and GL-
P1RAs are that SGLT2i reduce hospitalization rate for 
heart failure, GLP1RAs reduce stroke events and they 
both are eff ective in bodyweight loss, but SGLT2i are 
oral medications, while semaglutide is the only oral 
GLP1RAs [33].

Table 1 summarizes various echocardiographic 
features and the eff ect of SGLT2i on them. 

Figures 6, 7, and 8 showed LA, LV, and RV strain 
in the same patient after 6 months of treatment with a 
combination of SGLT2i and GLP1A. 

Table 2 summarizes various echocardiographic 
features and the eff ect of GLP1RAs on them.

Fig. 5. Myocardial work shown in the same patient on combination 
of SGLT2i and GLP1-agonist after three months (pictures are taken 
from Cardiology department, UMHAT Tsaritsa Yoanna)

Table 1. Eff ects of SGLT2i on echocardiographic features
Echocardiographic feature Eff ect of SGLT2-inhibitors Comments
LVEF (Left ventricle ejection fraction) Improvement or stabilization Particularly in patients with HFrEF
LVEDV (Left ventricle end diastolic volume) No signifi cant change SGLT2i may reduce LV size due to lower preload and afterload

LVM (Left ventricle mass) Reduction SGLT2i may reduce hypertrophy through improved 
metabolic process

Diastolic function E/e’ ratio Improvement in diastolic function Improved LV fi lling pressures
Left Atrial Volume Reduction Better volume control, reduced fi lling pressures

TAPSE No signifi cant change Some evidence of improved RV function in patients with 
impaired RV function

GLS (Global longitudinal strain) Improvement Better systolic function and myocardial effi  ciency
PASP (Pulmonary artery systolic pressure) Reduction Reduction in pulmonary pressures

Table 2. Eff ects of GLP1-agonist on echocardiography features
Echocardiographic feature Eff ect of GLP1 agonist Comments
LVEF (Left ventricle ejection fraction) neutral Some studies showing modest improvement in HFrEF
LVEDV (Left ventricle end diastolic volume) neutral Limited evidence
LVM (Left ventricle mass) reduction Improved blood pressure control and metabolic eff ects
Diastolic function E/e’ ratio neutral Limited evidence
Left Atrial Volume neutral Limited evidence
TAPSE neutral Limited evidence
GLS (Global longitudinal strain) Improvement Better myocardial function, reduced myocardial stress
Myocardial Ischemia Reduced ischemia Reduced infl ammation
PASP neutral Limited evidence
NTproBNP neutral Do not reduce NTproBNP levels
MACE Reduction Reduction in death rates and stroke rates
HF hospitalizations Neutral No eff ect on heart failure hospitalization rates
HR Heart rate increase Slight increase of HR
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SGLT2 එඖඐඑඊඑග඗කඛ එඖ උඐක඗ඖඑඋ ඓඑඌඖඍඡ 
ඌඑඛඍඉඛඍ 
Chronic kidney disease (CKD) has a progressive-

ly decreasing glomerular fi ltration rate (GFR) that can 
lead to kidney failure. A meta-analysis of DAPA-HF and 
EMPEROR-Reduced studies informed about improve-
ment in the combined risk of cardiovascular death 
or hospitalization for HFrEF and the composite renal 
endpoint regardless of diabetes [34]. These trials have 
presented a promising reduction in the relative risk of 
kidney disease in non-diabetic CKD. SGLT2i therapy 
was rapidly incorporated in the renal guidelines [35].

In DAPA-CKD, the eff ect of dapaglifl ozin on CKD 
progression or death from renal or cardiovascular 
causes was signifi cant, independent of the glycemic 
status. In non-diabetic CKD are observed additional 
benefi ts such as a decrease in blood pressure, reduc-
tion of uric acid, improvement of anemia, metabolic 
changes, sympathetic nerve activity, infl ammation and 
possibly protection from acute kidney injury. In people 
with advanced CKD, monitoring potassium, magne-
sium, and phosphate levels is essential [36, 37]. In the 
EMPAREG-OUTCOME trial, empaglifl ozin prevented 

the eGFR decline mostly in T2DM patients and also 
reduced the relative risk of macroalbuminuria progres-
sion [38, 39]. DAPA-CKD trial examined dapaglifl ozin 
on 4304 both diabetic and non-diabetic patients with 
chronic kidney disease. The primary outcome was di-
minished in those receiving dapaglifl ozin. The second-
ary outcome was a reduction in heart failure hospital-
ization rate and all-cause cardiovascular mortality [40]. 
EMPA-KIDNEY trial showed 6609 patients with CKD 
(eGFR of 20 and 45 mL/min per 1.73 m2) who were giv-
en empaglifl ozin or placebo. Outcomes are regardless 
of diabetic status and show that there is delay in the 
need for renal replacement therapies, reduction in the 
rate of death from renal causes [41]. 

Table 3 summarized trials with SGLT2i or GLP1RAs 
in the period 2015-2024 and their main outcomes re-
garding cardiovascular mortality.

Fඝගඝකඍ ඘ඍකඛ඘ඍඋගඑඞඍ ඝඛඍ ඗ඎ GLP1RAඛ 
ඉඖඌ SGLT2 එඖඐඑඊඑග඗කඛ
Many specialists treat overweight diabetic and 

non-diabetic patients through lifestyle interventions 

          

Fig. 6, 7, 8. LA, LV, and RV strain in the same patient after 6 months 
of treatment with a combination of SGLT2i and GLP1A (personal 
archive)
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and pharmacotherapies targeting adipose tissue and 
the digestive system (gut-liver axis). In our opinion, 
the main target in future therapies should be targeting 
the biomarkers of systemic infl ammation leading to fi -
brosis for NASH/NAFLD. Currently, GLP1RAs are not 
licensed to treat NASH, but the evidence-based data 
shows promising results from the phase 2 trial, show-
ing the resolution of NASH with no worsening of fi brosis 
[42]. The drug induces signifi cant weight loss, and the 
phase III trial is nearly complete. Therefore, the drug 
can soon be licensed to treat NASH. Future clinical tri-
als in Obese patients should combine GLP1RAs and 
glucagon since the latter may potentiate incretin-me-
diated weight loss and increase lipid utilization. Also, 
various GLP1RAs and bile acid binders (like Chole-
styramine) may improve the treatment of BAM. Trials 
with SGLT2i prove diff erent pleiotropic benefi ts beyond 
glycemic control. SGLT2i are approved for treating HF 

with all spectrums of ejection fraction. There is still no 
consensus regarding the use of GLP1Ras in patients 
with acute coronary syndrome. Further investigation 
in this fi eld is required. SGLT2i showed substantial 
benefi ts even when used in hospitalized patients with 
decompensated HF. SGLT2i in chronic kidney disease 
showed a delay in the need for renal replacement ther-
apies, a reduction in the rate of death from renal caus-
es and renal protection regardless of the presence of 
T2DM. SGLT2i and GLP1RAs have strong anti-hyper-
glycemic eff ects and the surprisingly eff ective role of 
cardio-hepatic and nephroprotection with signifi cant 
impact on body weight and clinical, biochemical and 
histological markers regarding fi brosis and fatty liver 
in patients with NASH/NAFLD. In the future, GLP1Ras 
and SGLT2i could be methods of choice for treating 
both T2DM and NASH/NAFLD. More data is expected 
from double and triple agonists use, but specifi c future 

Table 3. GLPRAs and SGLT2i eff ects in diabetic and non-diabetic metabolic disorders

Year, Author, Reference Trial/Drug Diagnosis Outcome
2019, SD Wiviott et al. 
doi: 10.1056/NEJMoa1812389

DECLARE-TIMI 
(Dapaglifl ozinе) T2DM Reduction in MACE (major adverse cardiac events) and 

HHF (hospitalizations for heart failure)

2017, B Neal et al.
doi: 10.1056/NEJMoa1611925

CANVAS Program 
(Canaglifl ozinе) T2DM reduction in the eGFR, albuminuria levels or death from 

renal causes

2015, B Zinman et al. 
doi: 10.1056/NEJMoa1504720

EMPA-REG OUTCOME 
(Empaglifl ozine) T2DM Reduced CV death or HHF

2021, JPH Wilding et al. 
doi: 10.1056/NEJMoa2032183 STEP (Semaglutide) Obesity BMI reduction

2015, X Pi-Sunyer et al.
doi: 10.1056/NEJMoa1411892 SCALE (Liraglutide) Obesity BMI reduction

Cardiovascular disease

2020, M Packer et al.
doi: 10.21542/gcsp.2020.31

EMPEROR reduced 
(Empaglifl ozine) HFrEF Reduced CV death or HHF

2019, JJV McMurray et. al
doi: 10.1056/NEJMoa1911303 DAPA-HF(Dapaglifl ozine) HFrEF Reduced CV death or HHF

2022 Solomon et al.
doi: 10.1056/NEJMoa2206286

DELIVER 
(Dapaglifl ozine) HFpEF Reduced CV death or HHF regardless of diabetic status

2021, SD Anker et. al. 
doi: 10.1056/NEJMoa2107038

EMPEROR preserved 
(Empaglifl ozin) HFpEF Reduced CV death or HHF regardless of diabetic status

Gastrointestinal disease

2021, Newson et al.
doi: 10.1056/NEJMoa2028395 Semaglutide NASH/

NAFLD
Resolution of NASH without improvement of liver fi brosis, 
BMI and Hb1Ac reduction

2016, MJ Armstrong et al.
doi: 10.1016/S0140-
6736(15)00803-X

LEAN (Liraglutide) NASH/
NAFLD dose-dependent reduction in liver enzymes

Kidney disease

2023, WG Herrington et al.
doi: 10.1056/NEJMoa2204233

EMPA-
KIDNEY(Empaglifl ozine) CKD Reduces death from renal causes, reduced ESRD, eGFR 

decline  and renal or CV death regardless of diabetic status

2020, HJL Heerspink et al.
doi: 10.1056/NEJMoa2024816

DAPA – CKD 
(Dapaglifl ozine) CKD Reduces death from renal causes, reduced ESRD, eGFR 

decline  and renal or CV death regardless of diabetic status

2019, V Perkovic et al.
doi: 10.1056/NEJMoa1811744

CREDENCE 
(Canaglifl ozine) CKD Reduced CV and renal death

Notes: type 2 diabetes mellitus (T2DM), heart failure with reduced ejection fraction (HFrEF), chronic kidney diseases (CKD), heart failure with 
preserved ejection fraction (HFpEF). Non-alcoholic steatohepatitis (NASH/NAFLD), end stage renal disease (ESRD)
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more extensive clinical trials are still needed in non-di-
abetic metabolic disorders.

C඗ඖඋඔඝඛඑ඗ඖ 
Considering the recent studies, it has come to the 

attention that GLP1RAs and SGLT2i may be a bene-
fi cial systemic treatment for diabetic and non-diabet-
ic metabolic disorders. Concerning the NAFLD/NASH 
patients, there seems to be substantial evidence that 
treatment with GLP1RAs improves histological resolu-
tion and partially improves serum liver enzyme levels, 
weight, and glycated hemoglobin, regardless of T2DM. 
In most studies, liver fi brosis presented the secondary 
outcome and showed either a slight improvement or no 
signifi cant change. Focusing on improving liver fi bro-
sis might be of great interest for future trials. Promis-
ing benefi cial eff ects of GLP1RAs concerning bile acid 
malabsorption have been observed in the trial studying 
the eff ect of Liraglutide with signifi cantly reduced stool 
frequency. A more extensive study might be of great 
interest to expand the therapeutic use of GLP1RA in 
treating BAM and NASH. SGLT2 inhibitors are already 
approved for treating HFpEF, HFmrEF, HFrEF and 
CKD, proving diff erent pleiotropic benefi ts beyond gly-
cemic control and signifi cantly reducing the frequency 
of hospitalization for heart failure and cardiovascular 
death. In patients with many comorbidities of diabetic or 
non-diabetic metabolic syndrome and HF, SGLT2 can 
contribute through combined eff ects of multiple ways 
to achieve better cardiovascular and renal outcomes. 
These new therapies hold great promise for the future 
development of the complex treatment of non-diabetic 
overweight metabolic disorders.

Kඍඡ ඘඗එඖගඛ
1. GLP1RAs in NAFLD/NASH improve histological 

resolution and partial improvement of serum liver en-
zyme levels, weight and glycated hemoglobin

2. Liraglutide showed fewer side eff ects and high-
er effi  cacy by successfully reducing stool frequency by 
≥ 25%

3. SGLT2 inhibitors have presented a promis-
ing reduction in the relative risk of kidney disease in 
non-diabetic CKD

4. SGLT2 inhibitors administration to non-diabetic 
patients with heart failure with reduced ejection fraction 
(HFrEF) shows improvement in the left ventricle (LV) 
volumes, LV mass, LV systolic function and New York 
Heart Association (NYHA) class

5. SGLT2 inhibitors administration to non-diabetic 
patients with heart failure with preserved ejection frac-
tion (HFpEF) shows reduction in all cause cardiovascu-
lar death and frequency of heart failure hospitalizations 
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