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Abstract

SGLT?2 inhibitors have emerged as a major disease-modifying therapy for preventing the development of chronic kidney
disease (CKD). These agents can be used to prevent the decline in renal function through the reduction of glomerular
hypertension mediated through tubuloglomerular feedback apart from their effects on glycemic control. The indications
for SGLT2 inhibitors have evolved based on growing evidence from randomized controlled trials and broadly fit into five
categories, including: glycemic control/metabolic risk, reduced ASCVD, heart failure, diabetic kidney disease with
albuminuria, and nondiabetic CKD with albuminuria. . The initial trial was performed in patients with relatively good
overall renal function, although sub-analyses suggest that the beneficial effect may extend to patients with CKD. SGLT2
inhibitors block glucose reabsorption in the renal tubules and are effective in reducing glucose levels based on the amount
of glucose filtered, thereby increasing the glomerular filtration rate. The greatest transport burden on the diabetic kidney
is in the early proximal tubule. SGLT?2 inhibitors make the transport load more evenly distributed between the tubular
segments. In addition, the total tubular transport load is reduced by lowering GFR. The SGLT? inhibitory effect helps
maintain mitochondrial function and tubular cell metabolism which can maintain tubular function and GFR in the long
term.
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INTRODUCTION

Hyperglycemia caused by insulin secretion, action, or both is called diabetes mellitus (DM). Diabetic chronic
hyperglycemia damages, dysfunctions, and fails glands, especially the eyes, kidneys, nerves, heart, and blood vessels.'
Because diagnosis standards vary, DM prevalence is hard to estimate. 10.2 million Americans have DM. In Indonesia,
1.5-2.3% of people over 15 have DM, and 6.1% in Manado. Women have more Type 2 DM than men.?>™ Type 2 diabetes
mellitus causes hyperglycemia due to insulin resistance, insufficient insulin production, and excessive or incorrect
glucagon secretion. Type 2 diabetes causes microvascular, macrovascular, and neuropathic problems.3

Persistent hyperglycemia in uncontrolled DM can cause several complications, both acute and chronic.® Diabetes is not
only a prominent cause of chronic renal disease but also a substantial contributor to the development of cardiovascular
disease (CVD).” Diabetic nephropathy, often known as DKD, affects 40% of type 2 diabetics. Between 1990 and 2012,
DKD deaths rose 94%. By 2030, the World Health Organization expects diabetes-related fatalities to double. Notably,
cardiovascular disease mortality is the main risk.®10

Controlling hyperglycemia, blood pressure, lipids, and lifestyle can decrease DKD progression, as with other diabetes-
related issues. Despite indications that renin-angiotensin-aldosterone system (RAS) inhibition slows diabetic kidney
disease (DKD),'" Recent cardiovascular outcome trials and renal specific trials have shown the additional benefits of
sodium-glucose cotransporter-2 inhibitors (SGLT21) in lowering DKD progression and cardiovascular risk. This study
examines the evidence-based method for diabetic kidney protection. !> 14

SGLT?2 inhibitors are a significant disease-modifying treatment for CKD prevention. Apart from glycemic management,
these medicines reduce glomerular hypertension via tubuloglomerular feedback to preserve renal function.'>!'S SGLT2
inhibitor clinical trials have rapidly expanded their authorized clinical uses beyond diabetic mellitus (DM). SGLT2
inhibitors are now indicated for heart failure with or without reduced ejection fraction, stage 4 CKD, and chronic
glomerulonephritis, according to studies.'®!8

The EMPA-KIDNEY trial was recently terminated early because it demonstrated that SGLT2 inhibitors could be readily
indicated for patients with CKD without albuminuria.!® SGLT2 inhibitors should be prescribed by acutely reducing the
estimated glomerular filtration rate (eGFR) at beginning, commencing at the lowest dose utilized in clinical studies,
evaluating volume status, and mitigating adverse effects.!* This article examines the use of SGLT-2 inhibitors for the
treatment of diabetic kidney disease (often known as DKD).

METHODS

Protocol

The Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 2020 checklist served as the
foundation for the development of the rules governing the conduct of this systematic review.

Eligibility Criteria

This systematic review was developed to analyze papers on "SGLT-2 inhibitor" and "Diabetic Kidney Disease". These
are the subjects that were mentioned in the evaluated studies. The following requirements must be met in order for your
work to be considered: 1) Articles must be available in their full online; 2) Articles must be written in English; and 3)
Articles must have been published between 2012 and the time this systematic review is prepared. The following kind of
textual submissions will under no circumstances be accepted: 1) Editorial letters, 2) contributions without a Digital Object
Identifier (DOI), and 3) article reviews and similar submissions.

Search Strategy

The search for studies to be included in the systematic review was carried out from April 7, 2023 using the PubMed and
SagePub databases by inputting the words: "SGLT-2 inhibitor" and "Diabetic Kidney Disease". Where ("sodium glucose
transporter 2 inhibitors"[Pharmacological Action] OR "sodium glucose transporter 2 inhibitors"[MeSH Terms] OR
"sodium glucose transporter 2 inhibitors"[All Fields] OR "sglt 2 inhibitor"[All Fields]) AND ("diabetic
nephropathies"[MeSH Terms] OR ("diabetic"[All Fields] AND '"nephropathies"[All Fields]) OR ‘"diabetic
nephropathies"[All Fields] OR ("diabetic"[All Fields] AND "kidney"[All Fields] AND 'disease"[All Fields]) OR
"diabetic kidney disease"[All Fields]) is used as search keywords.

Data retrieval

Following the completion of a literature search, in which the titles and abstracts of previously published studies were read,
the author revised the criteria for what should be included and what should be excluded from the study. Only the studies
that were able to meet all of the requirements were taken into consideration for inclusion in the systematic review.
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Figure 1. Article search flowchart

It is possible to collect information in the form of a title, author, publication date, origin of study location, research study
design, and research variables in each individual study. This information is laid out in a particular format for your perusal.

Quality Assessment and Data Synthesis

To determine which studies might be eligible for consideration, the authors conducted their own independent reviews of
a selection of the studies found in the articles' titles and abstracts. Following this, the full texts of the studies that qualify
for inclusion in the systematic review will be read in order to determine which studies can be used as final inclusions for
the purpose of the review.

RESULT

Wheeler, et al (2021)?° showed effect of dapagliflozin on the primary outcome was consistent across patients with diabetic
nephropathy (n = 2510; HR = 0.63, 95% CI = 0.51-0.78), glomerulonephritides (n = 695; 0.43, 0.26-0.71), ischaemic or
hypertensive chronic kidney disease (n = 687; 0.75, 0.44-1.26), and CKD of other or unknown cause (n =412; 0.58, 0.29-
1.19; Pinteraction=0.53). Those with and without type 2 diabetes showed similar rates of major adverse events or study drug
discontinuation in the dapagliflozin and placebo groups.

Second study showed the hazard ratio (HR) for the composite of a sustained decline in estimated GFR of at least 50%,
end-stage kidney disease, or death from renal causes was 0.56 (95% CI = 0.45-0.68; P<0.001), and the composite of death
from cardiovascular causes or heart failure hospitalization was 0.71 (95%, 0.55-0.92; P = 0.009). 101 dapagliflozin
patients (4.7%) and 146 placebo patients (6.8%) died (hazard ratio, 0.69; 95% CI, 0.53 to 0.88; P = 0.004). Dapagliflozin
had equal results in type 2 diabetics and non-diabetics. Dapagliflozin's safety was proven.?!

Table 1. The litelature include in this study

Author Origin Method Agent Therapy Sample Size  Result

Wheeler, Australia Multicentre, double-blind, Dapagliflozin 4,304 In patients with diabetic and non-

202120 placebo-controlled, participants  diabetic chronic kidney disease,
randomised trial treatment with dapagliflozin lowers

the risk of significant adverse kidney
and cardiovascular events, as well as
the chance of death from any cause.

Heerspink UK, US Multicentre, double-blind, Dapagliflozin 4,304 In patients who had chronic kidney
,2020%! placebo-controlled, participants  disease,  taking  dapagliflozin
randomised trial resulted in a statistically significant
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reduction in the risk of a composite
outcome that included a sustained
decrease in the estimated GFR of at
least 50%, end-stage kidney disease,
or death from renal or cardiovascular
causes. This was the case regardless
of whether or not the patients also
had diabetes.

Perkovic, UK, uUs,
201922 Australia

Multicentre, double-blind,
placebo-controlled,
randomised trial

4,401
patients

Canagliflozin

The risk of kidney failure and
cardiovascular events was lower in
the canagliflozin group than it was in
the placebo group after a median
follow-up of 2.62 years in patients
who had type 2 diabetes and renal
disease.

Jongs, Us, UK,

202123 Netherland,
Denmark,
Australia

Multicentre, double-blind,
placebo-controlled,
randomised trial

Dapagliflozin 4,304

patients

Dapagliflozin significantly reduced
albuminuria in patients with chronic
kidney disease, both in those
patients who also had type 2 diabetes
and in those patients who did not
have type 2 diabetes. The relative
reduction in albuminuria was higher
in those patients who had type 2
diabetes.

Wheeler, UK, Us,

2020% Sweeden,
Ukraine,
Argentina,
Peru, Brazil,
Canada

Multicentre, double-blind,
placebo-controlled,
randomised trial

4,304
patients

Dapagliflozin

In the DAPA-CKD experiment,
participants have been recruited with
a wide variety of underlying renal
disorders. These participants are
also getting treatment that blocks the
renin-angiotensin ~ system.  The
patients in the trial will have CKD
Stages 2-4 and elevated
albuminuria, and either type 2
diabetes or not. The researchers will
investigate the efficacy and safety of
dapagliflozin.

Bhatt, UK
2021%

Multicentre, double-blind,
placebo-controlled,
randomised trial

19,188
patients

Sotagliflozin

Sotagliflozin resulted in a lower risk
of the composite of deaths from
cardiovascular causes, hospital-
izations for heart failure, and urgent
visits for heart failure in patients
with diabetes and chronic kidney
disease, with or without
albuminuria. However, sotagliflozin
was associated with adverse events.
Patients with diabetes and chronic
kidney disease with or without
albuminuria were studied.

USA, UK,
Spain,
Germany

Agarwal,
202226

Multicentre, double-blind,
placebo-controlled,
randomised trial

5,674
patients

Canagliflozin

The shortcomings of making direct
comparisons between trials are
brought to light by this research.
When fundamental variations in the
way the trials were designed are
taken into account, the cardiorenal
advantages demonstrated by
FIDELIO-DKD and CREDENCE
are comparable in magnitude.

Jongs, et al (2021)?* showed dapagliflozin reduced stage advancement in 3,820 patients with UACR less than 3000 mg/g
at baseline (0-41, 0-32 to 0-52). Larger UACR decreases at day 14 following dapagliflozin treatment were linked with
reduced eGFR decline during follow-up (B per log unit UACR change -3-06, 95% CI -5-20 to -0-90; p=0-0056).
Participants with a wide range of underlying kidney diseases receiving renin-angiotensin system blocking therapy have
been enrolled in the DAPA-CKD trial. The trial will examine the efficacy and safety of dapagliflozin in participants with

CKD Stages 2-4 and increased albuminuria, with and without T2D.*

Perkovic, et al (2019)* showed the canagliflozin had an incident rate of 43.2 per 1000 patient-years, compared to 61.2 in
the placebo group (HR = 0.70; 95% CI = 0.59-0.82; P = 0.00001). The relative risk (RR) of the renal-specific composite
of end-stage kidney disease, a doubling of creatinine, or death from renal causes was 34% lower (HR = 0.66; 95% CI =
0.53-0.81; P<0.001), and the relative risk of end-stage kidney disease was 32% lower (HR = 0.68; 95% = 0.54-0.86; P =
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0.002). Sotagliflozin reduced the composite of cardiovascular deaths, heart failure hospitalizations, and urgent heart failure
visits compared to placebo but was associated with adverse events.?

DISCUSSION

Canagliflozin, dapagliflozin, empagliflozin, and ertugliflozin are drugs that have been approved by the Food and Drug
Administration (FDA) as agents for treating adult patients with type 2 diabetes mellitus (DM). The four agents are SGLT2
inhibitor class agents by acting on proteins. SGLT-2 is expressed in the proximal tubule of the kidney. This can cause a
decrease in filtered glucose reabsorption, lower the renal threshold for glucose (RTG), and increase glucose excretion in
the urine.?’

Canagliflozin was the first SGLT-2 inhibitor to receive FDA approval on March 29, 2013. This agent is indicated in adult
type 2 DM patients to improve blood glucose control in addition to using diet and exercise therapy. This agent is also
indicated to reduce the risk of cardiovascular side effects in type 2 DM subjects with cardiovascular disease and minimize
the risk of end stage renal disease (ESRD), cardiovascular mortality, hospitalization for heart failure, and increased serum
creatinine in type 2 DM patients with diabetic nephropathy. as well as albuminuria. 4%’

Dapagliflozin was FDA-approved in January 2014. This agent, like dapagliflozin, reduces heart failure-related
hospitalizations in type 2 DM patients with underlying cardiovascular disease or multiple cardiovascular risk factors. In
progressive CKD patients, this drug reduces the risk of reduced eGFR, ESRD, cardiovascular mortality, and heart failure
hospitalization. Empagliflozin became the third FDA-approved SGLT2-inhibitor in August 2014. This agent has the same
indications as the prior two. Ertugliflozin was the 2017 FDA-approved drug. #2027

Sotagliflozin reduced the composite of cardiovascular deaths, heart failure hospitalizations, and urgent heart failure visits
compared to placebo but was associated with adverse events.?> SGLT2 inhibitors can increase the output of patients with
renal and cardiovascular disease in T2DM patients.?® The first trial was in patients with good renal function, however sub-
analyses suggest that CKD patients may benefit. SGLT2 inhibitors prevent renal tubule glucose reabsorption, lowering
glucose levels and raising glomerular filtration rate. SGLT2 inhibitors are not currently recommended for advanced CKD
T2DM patients.?’

Canagliflozin vs. placebo was compared for renal and secondary cardiovascular outcomes in T2DM patients with
albuminuric CKD in the CREDENCE study. 4401 patients with an eGFR of 30-90ml/min/1.73 m2 and albuminuria
(albumin-creatinine ratio 300-5000 mg/g) were followed for 2.62 years. Standard treatment was a RAS blocker.
Canagliflozin reduces ESRD risk by 30%.%° Canagliflozin reduces cardiovascular mortality, myocardial infarction, stroke,
and heart failure hospitalizations. Their findings are similar to systematic reviews and meta-analyses of SGLT2 inhibitor-
treated T2DM and CKD patients in randomized controlled trials.3*3!

The CREDENCE study approved canagliflozin for treating diabetic nephropathy and lowered the incidence of heart failure
hospitalization in T2DM patients. CKD patients' elevated glucose load at the single nephron level keeps SGLT?2 inhibitors'
natriuretic and diuretic effects. Due to elevated blood glucose levels and single nephron hyperfiltration in the remaining
nephrons, paracellular sodium release in the proximal tubule induces natriuretic, kaliuretic, and diuretic effects.??

A recent meta-analysis also reported that SGLT?2 inhibitors were associated with strong and consistent reductions in acute
kidney injury (AKI).>* In T2DM patients, dapagliflozin lowers urine indicators of glomerular and tubular damage. In a
preliminary investigation using a bilateral renal artery clamp model, SGLT2 gene-knockout mice did not influence
ischemia-reperfusion damage or GFR recovery. Nespoux ef al.'* demonstrated that gene-knockout of SGLT1 did not
affect early-stage kidney injury, but improved renal recovery in this model.

Diabetics' early proximal tubules carry the most. SGLT?2 inhibitors balance tubular segment transport burden. Lowering
GFR also reduces tubular transit load. SGLT2 inhibits mitochondrial function and tubular cell metabolism to preserve
tubular function and GFR throughout time. Early studies demonstrated that SGLT2-I restored the urine lactate-pyruvate
ratio in Akita DMT1 rats and DMT2 patients due to mitochondrial oxidative metabolism to glycolysis.*

CONCLUSION
SGLT?2 inhibitors have emerged as a key therapy for preventing the development of DKD and CKD in albuminuric
patients with and without diabetes including patients with IgA nephropathy, FSGS, and heart failure. While SGLT2

inhibitors have been shown to have cardiorenal benefits, there is still a large unmet need to reduce the remaining risk in
patients with DKD and CKD.
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