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“An apple a day keeps heart failure, kidney disease, and myocardial infarction away”
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Abstract

Type 2 diabetes mellitus, along with complications that accompany it, have become a major
threatening life disease in the 21st century. Although the association between glycated
hemoglobin (HbAl1c) and macrovascular complications has been known for many years,
antidiabetic drugs have not been able to reduce these problems. The 2019 European
Association of Cardiology/European Association for the Study of Diabetes guidelines on
diabetes, prediabetes and heart disease recommend sodium-glucose cotransporter 2 inhibitors
(SGLT2i) over metformin as first-line therapy in patients with atherosclerotic cardiovascular
disease (ASCVD) or high or very high risk. Unlike many other antihyperglycemic therapies,
increasing glucose excretions via SGLT2 inhibition provides hypoglycemic effects
independent of insulin. The use of SGLT2 inhibitors may have beneficial effects on
biomarkers such as blood glucose, blood pressure, body weight, intrarenal hemodynamics
and proteinuria, and may also reduce cardiovascular complications, kidney disease and
diabetes. The American Diabetes Association now recommends the use of SGLT2 inhibitors
after initial treatment with dietary and lifestyle changes in addition to metformin in patients
with T2DM and all cardiovascular diseases, including heart failure. SGLT2 inhibitors will
become an important tool in the hands of physicians in daily practice targeting this vulnerable
population.
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FRENUESIT SGLT2 - NJE AGJENT I RI HIPOGLICEMIK ME EFEKT
POTENCIAL NE RREZIKUN KARDIOVASKULAR

Abstrakt

Diabeti Melitus tip 2, sé bashku me komplikacionet e tij, éshté njé sémundje jetékércénuese
né shekullin e 21-té. Edhe pse lidhja midis hemoglobinés sé glukozuar (HbAlc) dhe
komplikacioneve makrovaskulare éshté e njohur pér shumé vite, preparatet antidiabetike nuk
kané gené né gjendje t'i reduktojné kéto komplikacione. Udhézimet e Shoqgatés Evropiane té
Kardiologjisé 2019/Shoqatés Evropiane pér Studimin e Diabetit, pér diabetin, prediabetin dhe
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sémundjet e zemrés, rekomandojné frenuesit e bashkétransportuesit natrium -glukozé 2
(SGLT2) mbi metforminén, si terapi té linjés sé paré né pacientét me sémundje
aterosklerotike kardiovaskulare (ASCVD), me rrezik té larté ose shumé té larté. Ndryshe nga
shumé terapi té tjera antihiperglicemike, rritja e ekskretimit té glukozés népérmjet frenimit té
SGLT?2 siguron efekte hipoglicemike té pavarura nga insulina. Pérdorimi i SGLT2i mund té
keté efekte t& dobishme né biomarkerét si glukoza né gjak, presioni i gjakut, pesha trupore,
hemodinamika intrarenale dhe proteinuria, si dhe mund té reduktojé komplikacionet
kardiovaskulare, sémundjet e veshkave dhe diabetin. Shogata Amerikane e Diabetit tani
rekomandon pérdorimin e frenuesve SGLT2 pas trajtimit népérmjet ndryshimit té stilit té
jetesés dhe rregjimit dietetik, pérve¢ metforminés, né pacientét me DM tip 2 dhe té gjitha
sémundjet kardiovaskulare, pérfshiré insuficiencén kardiake. Frenuesit SGLT2 do té jené njé
mjet i réndésishém né duart e mjekéve, né praktikén e pérditshme, duke patur synim kété
grup popullaté.

Fjalé ky¢: SGLT2, kardiovaskular, insuficiencé kardiake, frenim, glicemik
Introduction

Type 2 diabetes mellitus (T2DM) is a complex chronic disease. Its prevalence has increased
over the past several decades. T2DM is associated with an increased risk of several
cardiovascular diseases (CVD), with heart failure (HF) being a more common early symptom
than myocardial infarction (MI) (1). Patients with heart failure often have insulin resistance,
which may eventually promote the development of diabetes or worsen it. Several large cohort
studies have reported a prevalence of diabetes in patients with heart failure of 30-50%,
further suggesting a link between the two diseases (1). In 2008, the US Food and Drug
Administration issued pharmaceutical industries to assess the cardiovascular outcome of
antidiabetic therapy, beyond glycemic control (2). Prior to the advent of gliflozin, no
antidiabetic therapy had shown significant improvement in HF hospitalizations (3).
Therefore, SGLT2 inhibitors, also known as gliflozin, represent an effective and innovative
treatment option for patients with T2DM.

The origin of SGLT2i can be traced to phlorizin, an organic compound first discovered and
extracted from the bark of the apple tree, by De Koninck and Stas in 1835 (4). SGLTL1 is
expressed mainly in the proximal renal tubules of the nephrons, small intestine, and
myocardium, while SGLT2i is found only in the brush borders of epithelial cells in the S1
and S2 segments of the proximal renal tubules. Its expression and activity are increased by
increased plasma glucose but do not inhibit renal gluconeogenesis, which may be increased in
diabetes, and cause osmotic diuresis in individuals with or without diabetes (5).
Administration of SGLT2i results in a daily loss of 60-100 g of glucose in the urine, thereby
reducing energy expenditure and leading to significant changes in the body's metabolism (6).
SGLT2i treatment has been associated with significant improvements in insulin resistance
and insulin secretion. In addition, SGLT2 inhibitors directly stimulate the a cells of the
pancreas to increase glucagon secretion. This reduces hepatic triglyceride synthesis, reduces
liver fat and blood triglyceride concentration, and increases liver ketone body production (7).
Therefore, SGLT2 inhibitor therapy improves many atherosclerotic risks in patients with type
2 diabetes. SGLT2 inhibitors also have hemodynamic effects: they increase urine output and
sodium loss, thereby reducing body weight and systolic and diastolic blood pressure (8,9).
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This medication goes beyond glycemic control and has been shown to be effective in the
medium- to long-term treatment of T2DM complications. SGLT2 inhibitors have also shown
significant reductions in cardiovascular events, heart failure hospitalizations, and
cardiovascular and all-cause mortality (10-13). Over the past 5 years, evidence from
randomized controlled trials (RCTs) has demonstrated unequivocal efficacy and safety for
most cardiovascular (CV) and renal outcomes, independent of the effect on glycemic control.
In patients with high risk of ASCVD or established ASCVD, GLP-1RA or SGLT2 inhibitors
should be considered; in patients with CKD or heart disease failure with reduced ejection
fraction, SGLT2 inhibitors should be the first choice. Given the beneficial cardiovascular and
metabolic effects of SGLT2 inhibitors, they may be useful in preventing cardiovascular
disease in patients with T2DM and a history of cardiovascular disease. SGLT2 inhibitors are
also useful in the primary and secondary prevention of in-hospital heart failure in patients
with T2DM and various risk factors.

Although SGLT2i were initially considered and developed as hypoglycemic agents, they
unexpectedly noted a reduction in mortality and cardiovascular events and demonstrated
cardiorenal protection even in the absence of hyperglycemic status. The results were seen
regardless of the presence of diabetes, if the patients were male or female, young or old, or
receiving neprilysin inhibitors. This combination of results is unique among current heart
failure drugs (14).

Cardiac benefits

The four direct effects of SGLT2i on the myocardium are: improvement of the energy and
metabolism of the myocardium; reduction of mass and hypertrophy of the left ventricle as
well as apoptosis of cardiomyocytes; reduction of myocardial inflammation and the level of
proinflammatory cytokines; improvement of myocardial and ECM remodeling (15).

The dual natriuretic and diuretic effects of SGLT2 affect the reduction of intra- and
extracellular volume, and the reduction of intravascular volume and arterial pressure
decreases the load before and after cardiac surgery, thus influencing the relief of cardiac load
and improving left ventricular function (16). The cardio-renal effects of SGLT2 natriuresis
inhibitors are mediated by inhibition of the myocardial sodium-proton exchanger, and have
been shown to reduce cardiac hypertrophy and heart failure (17). Through glycosuria induced
by SGTLTZ2, it affects a wide range of metabolic changes that can reduce both fibrosis and
the creation of plaques, all of which are related to the heart. Based on previous studies,
SGLT2 can reduce both myocardial fibrosis and cardiac remodeling by regulating
macrophage morphology, as well as protect the heart from ischemia/reperfusion injury (18-
20). One of the effects of SGLT2, which helps to reduce the unfavorable remodeling of heart
failure, is realized between the reduction of the epicardial fat mass and the level of
inflammatory cytokines such as tumor necrosis factor-a and plasminogen activator inhibitor-1
in diabetic patients with CVD (21). It has been speculated that SGLT2 increases the
concentration of mitochondrial calcium through the direct inhibitory effect of the sodium-
hydrogen (Na+/H+) exchange in the myocardium, influencing in this way the improvement
of mitochondrial function and the reduction of oxidation (17). All of the above-mentioned
mechanisms underlie the cardioprotective effects of SGLTZ2, including the reduction of
cardiac interstitial fibrosis, coronary fibrosis, arterial thickness, cardiac interstitial
macrophage infiltration, and cardiac superoxide levels. In various research studies, it has
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been reported that empagliflozin increases the utilization of fatty acids, ketone bodies, and
branched-chain amino acids, decreases ATP inhibition, increases myocardial ATP, and
increases fuel consumption in diabetic cardiomyopathy rats, which affect in increasing their
cardiac activity (22).

Renal benefits

The American Diabetes Association/European Association for the Study of Diabetes now
recommends the use of SGLT2 inhibitors after initial therapy with dietary and lifestyle
modifications in addition to metformin in patients with T2DM and all cardiovascular
diseases, including heart failure (23,24). SGLT2 inhibitors will become an important tool in
the hands of physicians in daily practice targeting this group population.

SGLT?2 inhibitors not only reduce proteinuria, but also preserve eGFR and reduce the risk of
end-stage renal disease (25,26). SGLT2i have been shown to reduce HbAlc levels without
causing hypoglycemic events. In the long term, lowering blood sugar and improving insulin
resistance may reduce microvascular complications. SGLT2i inhibits the toxic effects of high
glucose on the proximal renal tubular cells by causing oxidative stress and advanced
glycation endproducts, p21-mediated senescence, and the production of proinflammatory and
profibrotic mediators (27). This protection by SGLT?2i is related to the development of renal
failure. On the other hand, there is a protective effect of associated with altered renal
hemodynamics. SGLT2 inhibition increases distal sodium transport, which promotes
glomerular feedback and results in an improvement in intraglomerular pressure (28) —
slowing the progression of kidney disease. At the same time, the effect of urinary sodium is
associated with a decrease in blood pressure, usually around 4 mmHg systolic and 2 mmHg
diastolic (29), exerting an indirect kidney-protective effect. They also have to deal with
weight loss due to the loss of sugar (calories) in the urine and the osmotic diuresis caused by
sugar (30), and we know that obesity is one of the most important factors for incipient CKD
(32).

In addition, SGLT-2i reduce blood uric acid in patients with type 2 diabetes, which is useful
given the evidence that hyperuricemia is a risk factor for hypertension, kidney disease, and
heart disease. The mechanism is that high glucose levels in the renal tubules facilitate the
exchange of glucose and urate, leading to increased urinary excretion of urate (32). Thus,
there are multiple direct and indirect mechanisms that may influence the reno-protective
effects of SGLT2i (33).

In conclusion, we believe that this drug class is becoming important in the treatment of heart
and kidney disease, given the bidirectional nature of cardio-renal interactions and the
predisposition of T2DM patients to heart failure and kidney disease. Considering the origin of
SGLT2i we can say “An apple a day keeps heart failure, kidney disease, and myocardial
infarction away”.
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