The Open Access
Publisher

@HSPI

(A](P](P (s ] ARCHIVES OF PHARMACY AND
Issn pligbEPI ] PHARMACEUTICAL SCIENCES

Research Article

Benefits of using SLGT2 Inhibitors for
Patients with CDK and DM2 to Reduce
Mortality Risks

Pandora Eloa Oliveira Fonseca', Jeremias Aguiar Azevedo?, Sara

Maria Gomes Bié! and Savio Benvindo Ferreira?*

!Medical student, Academic Unit of Life Sciences (UACV), Teacher Training Center (CFP), Federal
University of Campina Grande (UFCG), 58900-000, Cajazeiras, Paraiba, Brazil

2PhD in Pharmacology, Academic Unit of Life Sciences (UACV), Teacher Training Center (CFP), Federal
University of Campina Grande (UFCG), 58900-000, Cajazeiras, Paraiba, Brazil

Abstract

Type 2 diabetes mellitus (T2DM) is the most common cause of chronic kidney disease (CKD). CKD
is characterized by progressive liver tissue damage and is an important risk factor for mortality due
to renal and cardiovascular outcomes. Thus, randomized clinical trials have investigated the use of
sodium-glucose cotransporter 2 (SLGT2) inhibitors as a promising therapy for patients with CKD and
T2DM. This study aimed to analyze the benefits of using SGLT2 inhibitors in patients with CKD and
T2DM to reduce mortality risks. To this end, a qualitative, descriptive methodological approach was
adopted using a literature review in the PubMed, Embase, and VHL databases. The inclusion criteria
were clinical trial articles, randomized or non-randomized, cohort studies, case-control studies, and
open access, published in Portuguese and English, between 2018 and 2023 with topics associated
with SGLT2 inhibitors, CDK, and T2DM patients. In this context, it was observed that the risk of death
from CKD in patients treated with Canaglifozin was 30% lower than in those treated with a placebo
and that Dapaglifozin prolonged survival. In this context, when assessing the progression of kidney
disease or death from cardiovascular causes in patients taking Empagliflozin, only 13.1% achieved the
outcome compared to 16.9% on placebo, so the drug safely reduces the risk of mortality. Consequently,
SGLT2 inhibitors have shown excellent results in the treatment of CDK and T2DM, with a reduction
in the risk of mortality, positive effects on reducing renal and cardiovascular outcomes, as well as
prolonging survival.
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Introduction

Chronic kidney disease (CKD) is characterized by
progressive and irreversible damage to the liver tissue, which
leads to loss of functionality of the organ, i.e. loss of ability
to control the hydro electrolyte balance, regulation of blood
pressure, and elimination of toxins from the body. Thus, the
most advanced stage of the loss of kidney function seen in CKD
consists of the accumulation of substances toxic to the body in
the blood due to non-filtration [1-4].

According to data from the Brazilian Society of Nephrology,
7.25% of individuals over the age of 30 and 28% to 46% of
individuals over the age of 46 in the world have CKD, with
more than 10 million in Brazil alone. It is also associated with
two chronic diseases with a high incidence in the Brazilian
population: Diabetes and Hypertension.

The Diabetes Atlas of the International Diabetes Federation
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(IDF) reveals that Brazil ranks fifth in the world for the
incidence of diabetes in the population, with 16.8 million
sufferers. Diabetes is one of the main causes of CKD, with
25% of patients with type 1 diabetes and 10% of those with
type Il diabetes developing chronic kidney disease. Diabetic
nephropathy is also a complication of DM that mainly affects
patients with DM2 [2,5,6].

The relevance of this research is based on the growing
prevalence of type 2 diabetes in the Brazilian and world
population since it is a predisposing factor for chronic kidney
disease and few treatments that can be used in the long term
are available. Thus, in cardiovascular trials of sodium-glucose
cotransporter 2 (SGLT2) inhibitors, the results suggested
that they may improve renal outcomes in patients with DM2
[3,7,8].

Sodium-glucose cotransporter (SGLT2) inhibitors are
diabetic drugs that act by inhibiting glucose reabsorption in
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the proximal renal tubule, their inhibition causing glucose
loss in the urine and a decrease in serum levels [4]. The main
examples of SGLT2 inhibitors are canagliflozin, dapagliflozin,
and empagliflozin, which have a direct relationship with
reducing the risk of hospitalization and the development of
chronic kidney disease. In line with the above, of the drugs
used in patients with diabetes, only SGLT2 inhibitors have
been shown to have a significant cardioprotective effect, due
to greater osmotic diuresis as a result of the greater excretion
of glucose in the urine [5,9-11].

Given the above, this research aims to analyze the benefits
of using SLGT2 inhibitors for patients with chronic kidney
disease and DM2 to reduce the risk of mortality, to raise
a discussion about the insertion of these drugs in clinical
practice and improvements in the prognosis of chronic
patients in the country.

Methodology

Characterization of the research

The production of a literature review enables the
construction of knowledge on a given subject in the health
area, which directly contributes to the identification of gaps
in the literature, highlighting the need for further research
or recommendations for clinical practice [6,12,13,15]. This
article is characterized by a bibliographic and descriptive
literature review, which aims to analyze the benefits of using
SLGT?2 inhibitors in patients with chronic kidney disease and
DM2.

Conducting research

The search was carried out using the Pubmed, Embase, and
Virtual Health Library databases, with the guiding question
being “What are the benefits of using SLGT2 inhibitors for
patients with chronic kidney disease and type 2 diabetes
mellitus?”.

The database was searched using the following Health
Science Descriptors (DeCS): “SLGT-2 inhibitor”, “Sodium-
glucose Cotransporter-2 Inhibitors”, “Type 2 diabetes”,
“Chronic Kidney disease”, “Death”, using the Boolean
operators “AND” and “OR”. Thus, the search strategy used in
all the databases was: (“SLGT-2 inhibitor” OR “canagliflozin”
OR “dapagliflozin” OR “empagliflozin” OR “Sodium-glucose
Cotransporter-2 Inhibitors”) AND (“DM2” OR “type 2
diabetes”) AND (“chronic kidney disease”) AND(“death” OR
“mortality”).

Criteria selection

The inclusion criteria used were: articles published in
Portuguese and English, between 2018 and 2023, with full
text available, so that the articles included were clinical trials,
randomized or non-randomized, cohort studies, case-control
studies, open access, with topics associated with SGLT2
inhibitors, chronic kidney patients and type 2 diabetics.
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The exclusion criteria were duplicate studies, editorials
and reviews, animal studies, and those that were not freely
available to read the full text. The search resulted in 1098
articles in total, distributed as follows: PubMed (n:226);
Embase (n:644), Virtual Health Library (n:228). To facilitate
the exclusion of duplicates and the inclusion of articles that
would make up the sample, selected based on the criterion
of relevance to the topic, the free Rayyan platform was used,
which consists of a free online application/website to help
researchers with the methodology of literature reviews,
systematic reviews and/or meta-analyses. Of the 1098
articles, 664 were duplicated, 614 were excluded and 50 were
included; the final sample consisted of 30 articles. The figure
below illustrates the selection and eligibility check of the
articles to make up the review.

Presentation of results and summary of information

After reading and applying the criteria for relevance to the
topic, information was collected that met the aim of the article,
and the findings were discussed in a dissertation.

Based on the bibliographical research, after associating all
the descriptors in the databases searched, 1098 articles were
found. All the articles were found in the Embase, PubMed,
and Virtual Health Library (VHL) databases. After applying
the inclusion and exclusion criteria, 50 full-text articles were
selected and assessed for eligibility. Of this total, 20 articles
were excluded because they did not have an outcome, drug,
or condition that met the thematic delimitation required for
discussion.

Of these 20 excluded studies, the main themes found were
the use of SLGT2 inhibitors in diabetic patients without chronic
kidney disease, only as a hypoglycemic drug, as well as articles
that reported other types of drugs such as SLGT1 inhibitors
and SLGT1 combined with SLGT2. This brings the total for the
complete analysis to 30 articles, as shown in Figure 1.

Recards identified through
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WYHL{n=228)

’
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Figure 1: Flowchart for identifying and selecting the articles selected from the

Embase, PubMed and VHL database.
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Ethical aspects

It was not necessary to submit this study to the Research
Ethics Committee, as it is a review of the available academic
literature.

Results and discussion

Sodium-glucose cotransporter 2 (SLGT2) inhibitors

Sodium-glucose cotransporter 2 (SLGT2) inhibitors were
developed to treat type 2 diabetes mellitus by inhibiting
glucose reabsorption in the proximal tubule [7]. Their use
has increased significantly in recent years as they show great
benefits in renal and cardiovascular outcomes [8].

Thus, itrepresentsanewdrugtherapy for patients with CKD,
in which the main renoprotective mechanism occurs through
physiological modulation by tubuloglomerular feedback, with
the inhibition of proximal tubular sodium reabsorption and,
subsequently, a reduction in intraglomerular hypertension
by afferent arteriolar vasoconstriction [9]. Consequently, this
constriction reduces progressive liver damage [10,14,16,17].

The hypoglycemic mechanism occurs in an insulin-
dependent manner and contributes to improved pancreatic
beta cell function and greater insulin sensitivity. In addition,
the cardioprotective effect is reported to reduce stress
on the heart wall, which reduces the progression of heart
failure. SGLT2 inhibitors are also associated with maximizing
glycosuria, which helps with weight loss [11,18,19-21].

Use of SLGT2 inhibitors in Type 2 diabetic patients with
chronic kidney disease

From this perspective, several studies were analyzed
to better understand the subject of the study. In the
randomized clinical trial called EMPA-KIDNEY, 6,609 patients
were randomly assigned to receive the SLGT-2 inhibitor
empagliflozin versus placebo to assess the progression of
chronic kidney disease. Of these, 46% were diabetic, 44%
type 2, and 56% type 1. Furthermore, when evaluating
the progression of chronic kidney disease or death due to
cardiovascular outcomes, 13.1% of the empagliflozin group
suffered a death, while patients on placebo therapy suffered
16.9%, i.e. empagliflozin had no significant effect on the
progression of the case to death. Thus, empagliflozin safely
reduces the risk of mortality [12,22-25].

In addition, in the randomized, double-blind CREDENCE
study, DM2 patients with chronic kidney disease were
assigned to receive canagliflozin. In this trial, 4401 patients
underwent randomization with a follow-up of 31.5 months.
The data was positive for the canagliflozin group, where there
was alower risk of death from kidney causes or cardiovascular
disease (30%), kidney death (34%), cardiovascular death or
myocardial infarction or stroke (80%), and hospitalization
for heart failure (61%). The relative risk of end-stage renal
disease, doubling of serum creatinine level, or renal death was
lower by 34% in the canagliflozin group [13,26-30].
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Similarly, studies have shown that dapagliflozin was able
to reduce the risk of adverse events such as kidney and heart
failure and mortality by 32% in diabetic patients with chronic
kidney disease. Therefore, the reduction in mortality may be
related to increased survival in CKD patients with or without
DM?2 taking dapaglifozin [7,14,31,32,33-35].

In the study carried out [15,36-39]. Patients predisposed
to developing severe stages of chronic kidney disease were
randomized into a placebo group and a dapagliflozin group to
assess the efficacy of the drug in reducing the progression of
the disease. Thus, dapagliflozin, even in patients at very high
risk of end-stage chronic disease, proved to be effective and
safe, reducing the development of the disease and cardiac or
renal death by up to 50%.

Other observational evidence has suggested the
beneficial effects of sodium-glucose inhibitors (canagliflozin,
dapagliflozin, and empagliflozin), showing a 35% reduction
in the incidence of hospitalization for heart failure due to
treatment with empagliflozin. In addition to the effects on
the cardiovascular system, macroalbuminuria, a doubling of
the serum creatinine level, was significantly reduced by 39%,
which results in improved cardiovascular and renal outcomes,
reducing the mortality rate in people with type 2 diabetes
(DM2) [16,40-44].

In light of the above, treatment with SGLT2 inhibitors
represents a promising therapeutic option for CKD patients
with DM2 or without DM2 based on a reduction in mortality
due to cardiovascular and renal outcomes.

Benefits of using SLGT2 inhibitors

The drugs in question are easily absorbed after oral
administration and quickly reach maximum concentration
within two hours. Due to their insulin-independent mechanism
of action, they can be the therapy of choice at any stage of
the disease’s progression, with the advantages of reducing
glycated hemoglobin levels, lowering fasting and post-meal
blood glucose, reducing weight, and cardiovascular and renal
outcomes [17,15,45-47].

In addition to their effects described in the treatment of
hyperglycemia in DM2 and chronic kidney disease, their
diuretic effect, in addition to generating an improvement
in the glycemic profile, is also seen in cardiac output, which
has a positive impact on cardiac function. Accordingly, these
drugs are effective in weight loss and in regulating systemic
blood pressure, which has a positive impact on cardiovascular
health [19,48,49].

In patients with chronic kidney disease and DM2, a
decrease in albuminuria was observed with the use of these
drugs, which allows them to be correlated with a slowdown in
the progressive loss of kidney function [20,50-52].

SLGT2 inhibitors are drugs that have
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cardioprotective effects, for example, Empagliflozin,
Dapagliflozin, and Canagliflozin. These drugs are now widely
approved therapies because of their osmotic diuretic and
natriuretic effects contributing to reduced plasma volume and
having a significant effect on decreasing systolic and diastolic
blood pressures by 4 to 6 and 1 to 2 mm Hg, respectively.
The EMPA-REG OUTCOME trial in patients with T2DM and
cardiovascular disease randomly assigned to empagliflozin
versus placebo reported a 14% reduction in the primary
composite outcome of cardiovascular death, nonfatal stroke,
nonfatal myocardial infarction and reduced 30% cardio-
vascular mortality and heart failure hospitalizations [53].

Adverse effects of SGLT2 inhibitors

It is worth noting that there are reservations regarding the
prescription of these drugs, given the mechanism of action
of these drugs, which consists of their action of reducing the
tubular reabsorption of glucose, leading to glycosuria, which
generates an increase in the production of ketone bodies,
which is due to the reduction of the anti-lipolytic action
of insulin, this mechanism justifies a condition of diabetic
euglycemic ketoacidosis (CED) [54]. According to research,
there are, on average, 6 cases of CED for every 1000 patients
using this pharmacological class [55].

Furthermore, given its action on the urinary tract, the use of
SGLT?2 has also been associated with an increased occurrence
of urinary tract infections, as glucose concentrations occur in
the urethra and ureters. Furthermore, it increases the rate of
bone fractures, and increases hematocrit, among other effects
that must be taken into consideration before prescribing [56].

Conclusion

Based on an analysis of the various studies found in the
literature, SGLT2 inhibitors and sotagliflozin can be considered
a major pharmacological advance in a wide variety of areas,
especially nephrology and cardiology, given their excellent
results in the treatment of chronic kidney disease and type
2 diabetes mellitus, bringing hope and a new perspective on
quality of life for patients affected by these and various other
pathologies, with a reduction in the risks associated with
mortality in these individuals. Therefore, SGLT2 inhibitors
faster than other drugs in the market have rapidly become
a first-line treatment for CKD and T2MD patients, future
researchers should investigate if SGLT2 inhibitors could
be used to prevent the development of CKD in patients
with diabetes besides reducing mortality risks, renal and
cardiovascular outcomes. Thus, additional subanalyses and
more specific clinical trials are awaited to settle unconvincing
available evidence.
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