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Abstract— Diabetes mellitus (DM) is a chronic disease due
to the body's inability to use insulin effectively resulting in an
increase in blood sugar. Optimal blood glucose control has an
important role to prevent complications in DM sufferers.
Complications such as cardiovascular and kidney disease can
cause morbidity and mortality in people with DM. Therefore,
the selection of drugs that can protect the heart and kidneys is
needed. One alternative that has emerged recently is known as
the sodium-glucose cotransporter-2 inhibitor (SGLT2
inhibitor) class of drug. This study was aimed to describe the
cardioprotective and renoprotective effects of using SGLT2
inhibitors in DM patients. The method employed was a
systematic review by searching online scientific journals in the
PubMed, Science Direct and Google Scholar databases of 2010-
2020. The findings revealed that the SGLT2 inhibitor class of
drug had a better effect on a significant reduction in
cardiovascular and renal event. The cardioprotective
mechanism of SGLT2 inhibitors was related to sodium-
hydrogen exchanger 1 (NHE1) in myocardium. While the
renoprotective mechanism was related to the reduction of
intraglomerular pressure. The conclusion is that SGLT2
inhibitors can provide cardioprotective effects such as reduced
risk of MACE, myocardial infarction, heart failure, stroke,
death from cardiovascular causes and renoprotective effects
such as slowing the rate of albuminuria development,
decreasing the incidence of serum creatinine doubling,
progressively lowering levels of kidney replacement therapy,
and slowing down in kidney function.

SGLT2

Keywords— inhibitor,

renoprotective

cardioprotective,

I. INTRODUCTION

Diabetes Mellitus (DM) is a chronic disease that occurs
either when the pancreas does not produce enough insulin or
when the body cannot effectively use the insulin it produces
[1]. The International Diabetes Federation (IDF) reports that
the number of DM patients in the world in 2019 reaches 463
million (9.3%) and is expected to increase 51% to 700
million (10.9%) in 2045 with an age range of 20-79 years. At
present the number of people with DM in Indonesia is ranked
seventh highest in the world [2]. Based on the results of the
Republic of Indonesia Basic Health Research (Riskesdas)
2018, the prevalence of DM in Indonesia has increased from
6.9% in 2013 to 10.9% in 2018 [3].
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Optimal blood glucose control has an important role to
prevent complications in DM patients both macrovascular
and microvascular. Macrovascular complication that can be
caused by DM is like hypertension, while microvascular
complication is as kidney disorder [4], [5]. Hypertension in
people with DM can trigger and exacerbate the risk of
cardiovascular disease, while kidney disorder can occur in
40% of people with DM and is a major cause of end-stage
renal disease (ESRD) [6], [7], so it is necessary to choose
drugs that can protect the heart and kidneys. One alternative
that has emerged recently is known as the sodium-glucose
cotransporter-2 inhibitor (SGLT2 inhibitor) which is a new
oral antidiabetic that has been approved by the Food and
Drug Administration (FDA) in 2018, so it still needs to be
reviewed for its effectiveness [8]. In Indonesia, the SGLT2
inhibitor drug, dapagliflozin, has been approved by the
National Agency for Drug and Food Control in 2018 [9].
SGLT2 inhibitors work by inhibiting glucose reabsorption in
the proximal tubule and increasing its secretion through urine
[10].

A meta-analysis conducted by Zelniker et al. revealed
that the use of SGLT2 inhibitors reduced the risk of
cardiovascular death or hospitalization for heart failure by
23% (p<0.0001) and reduced the incidence of major adverse
cardiovascular events (MACE) by 11% (p=0.0014) [11].
Another study conducted by Perkovic et al. showed that
canagliflozin reduced the risk of kidney function decline by
40% in glomerular filtration rates (GFR), ESRD or kidney
death [12]. Based on the two studies above, it can be seen
that SGLT2 inhibitors have great potential as
antihyperglycemia which have cardioprotective and
renoprotective effects, so this study was aimed to describe
the cardioprotective and renoprotective effects of using
SGLT2 inhibitors in patients with diabetes mellitus.

Il. METHOD

A. Search Strategy

This research is a systematic review described
descriptively. Literature search in the form of international
scientific journals published in 2010-2020 conducted online
on the PubMed, Science Direct and Google Scholar
databases by using the keywords "SGLT2 inhibitors",
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"SGLT2 inhibitors + cardioprotective”, "SGLT2 inhibitors +
renoprotective”.

B. Selection Criteria

Selected scientific journals meet the inclusion criteria as
follows: 1) clinical studies, 2) patients with diabetes mellitus
with comorbid cardiovascular and renal disorders, 3) SGLT2
inhibitor drugs compared with controls (placebo) or other
antidiabetic oral groups. On the other hand, the exclusion
criteria are as follows: 1) inaccurate population (diabetic
patients with liver diseases such as non-alcoholic fatty fatty
disease [NAFLD]), 2) study design (review, experimental
research).

C. Data Extraction

Data collection process uses data extraction methods with
PICO (Population/Problem, Intervention, Comparison,
Outcomes) approach. Forms of data synthesis that will be
presented in a systematic review are identification, screening,
eligibility, and included Synthesis of data is illustrated in the
data flow diagram [13]. The research framework used is
PICO.
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Fig. 1. Flow diagram of data result

TABLE I. RESEARCH FRAMEWORK
Criteria Inclusion Exclusion
Population/ DM Patients ~ with DM patients with liver
Problem comorbid cardiovascular  diseases such as non-
and kidney disorders. alcoholic  fatty  liver
disease (NAFLD).
Intervention Monotherapy and
combination of SGLT2
inhibitor therapy in DM
patients.
Comparison Control  and  other
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antidiabetic oral groups.
The cardioprotective and
renoprotective effects of
SGLT2 inhibitors in DM
patients.

Outcomes

I11. RESULT AND DISCUSSION

Sodium-glucose  cotransporter-2 inhibitors (SGLT2
inhibitors) are the latest oral drugs in the treatment of
diabetes mellitus (DM). SGLT2 inhibitors work by inhibiting
glucose reabsorption in the proximal tubule and increasing
its secretion through urine [10]. Sodium-glucose
cotransporter-2 (SGLT2) is located in the S1 segment of the
renal proximal tubule and functions to put sodium and
glucose back into the proximal tubule simultaneously
(cotransporter) through an active transport mechanism [14].

Based on the results of a systematic review, it was found
that various SGLT2 inhibitor drugs have been used in many
clinical ~studies that provide cardioprotective and
renoprotective effects in DM patients. Cardioprotective
effects on cardiovascular outcomes such as major adverse
cardiovascular events (MACE), myocardial infarction, heart
failure, stroke, death from cardiovascular causes, are
significantly reduced after SGLT2 inhibitor treatment in DM
patients.

Treatment of SGLT2 inhibitors decreases MACE in DM
patients. MACE has three main points, namely death from
cardiovascular causes, non-fatal myocardial infarction and
non-fatal stroke. A decrease in MACE was demonstrated in
several clinical study results. Observational studies
conducted by Birkeland et al. showed that type 2 DM
patients with cardiovascular disorders using SGLT2
inhibitors (94% dapagliflozin) had a lower risk of MACE
compared to other antidiabetic drugs, with an incidence of
1.64% vs 2.12% respectively (HR 0.78; 95% CI; 0.69-0.87;
p<0.0001) [15]. Similar results were also found in the
Canagliflozin Cardiovascular (CANVAS) study conducted
by Neal et al. showed that the use of canagliflozin 100 or 300
mg/day in type 2 DM patients with cardiovascular disorders
significantly reduced the risk of MACE compared to
placebo, with an incidence of 26.9% in the empagliflozin
group and 31.5% in the placebo group (HR 0.86; 95% ClI;
0.75-0.97; p=0.02) [16]. The reduced risk of MACE was also
demonstrated in the Dapagliflozin Effect on Cardiovascular
Events (DECLARE-TIMIS58) study involving 17160 DM
patients with type 2 who had atherosclerotic cardiovascular
disease, with a 4.2-year study that the safety and efficacy of
dapagliflozin 10 mg/day were no worse than placebo in the
incidence of MACE (8.8% vs 9.4%; p=0.14) [17].

Some studies also show that SGLT2 inhibitors reduce the
risk of myocardial infarction. Canagliflozin Cardiovascular
(CANVAS) study conducted by Neal et al. showed that
canagliflozin 100 or 300 mg/day reduced the risk of
myocardial infarction in patients with type 2 DM who had
cardiovascular disease compared with placebo, with an
incidence of 9.7% vs 11.6% respectively (HR 0.85; 95% ClI;
0.69-1.05; p=0.02) [16]. Whereas the Canagliflozin and
Renal Events in Diabetes With Established Nephropathy
Clinical Evaluation (CREDENCE) study by Mahaffey et al.
showed results that type 2 DM patients with cardiovascular
and renal impairment, who were given canagliflozin therapy
100 mg/day reduced the risk of myocardial infarction 12.5%
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lower than placebo 15.5% (HR 0.81; 95% CI; 0.59-1.10;
p=0.20) [18]. Reduction in the risk of myocardial infarction
also occurs in type 2 DM patients who have atherosclerotic
cardiovascular disease, with a lower incidence of myocardial
infarction in the use of dapagliflozin 10 mg/day by 4.6%
compared to placebo at 5.1% (HR 0.89 95% CI; 0.77-1.01)
[17].

SGLT?2 inhibitors also provide a reduction in the risk of
hospitalization for heart failure. The Empagliflozin and
Progression of Kidney Disease in Type 2 Diabetes (EMPA-
REG OUTCOME) study gave results in type 2 DM patients
with cardiovascular disorders treated with empagliflozin
reducing the incidence of hospitalization for heart failure by
35% (HR 0.65; 95% CI; 0.50-0.85; p=0.002) [19].
Observational studies conducted on type 2 diabetes patients
treated with SGLT2 inhibitors or other antidiabetic drugs,
showed the use of SGLT2 inhibitors reduced hospitalization
for heart failure (HR 0.70; 95% CI; 0.61-0.81 ; p<0.0001)
[15]. In patients with type 2 DM who have atherosclerotic
cardiovascular disease, dapagliflozin 10 mg/day showed a
significantly reduced rate compared to placebo (4.9% vs
5.8%; HR 0.83; 95% CI, 0.73-0, 95; p=0.005) [17]. In
addition, a study by Kato et al. which was aimed to find out
the efficacy and safety of dapagliflozin according to the
status of patients with heart failure and ejection fraction
decreased, showing the results that dapagliflozin 10 mg/day
could reduce the risk of hospitalization in both patients with
heart failure and ejection fraction decreased by 13.5% (HR
0.64; 95% CI; 0.43-0.95; p=0.449) and in patients without
ejection fraction decreased by 2.1% (HR 0.76; 95% CI; 0.62-
0.92; p=0.449) [20].

The reduction in the incidence of stroke in DM patients
occurred after being treated with SGLT2 inhibitors. The
CANVAS study by Neal et al. showed that canagliflozin 100
or 300 mg/day reduced the risk of stroke by 7.1% compared
to placebo by 8.4% (HR 0.90; 95% CI; 0.71-1.15) [16].
Similar results were found in the CREDENCE study, this
study showed that administration of canagliflozin 100 mg /
day in type 2 DM patients with cardiovascular or renal
impairments can reduce the rate of stroke that is lower by
9.3% compared to placebo by 11.7% (HR 0.80; 95% ClI;
0.56-1.15; p=0.14) [18].

Lower cardiovascular mortality rates occur in type 2 DM
patients treated with SGLT?2 inhibitors as in the EMPA-REG
OUTCOME study by Zinman et al. showed that type 2 DM
patients with cardiovascular disorders, who received
empagliflozin 10 or 25 mg/day significantly reduced
cardiovascular causes of death by 38% (HR 0.62; 95% ClI;
0.49-0.77; p<0.001) [19]. On the other hand, type 2 DM
patients with cardiovascular disorders using SGLT2
inhibitors (94% dapagliflozin) give lower cardiovascular
death rates compared to other antidiabetic drugs (HR 0.53;
95% CI; 0.40-0.71; p<0,0001) [15]. This was supported in
the CANVAS study showing that administration of
canagliflozin 100 or 300 mg/day reduced the rate of
cardiovascular deaths by 11.6% compared to placebo by
12.8% [16]. Decreased cardiovascular mortality also
occurred in type 2 DM patients with kidney and
cardiovascular disease, who received canagliflozin 100
mg/day significantly reduced cardiovascular mortality by
19% compared to placebo by 24.4% (HR 0.78; 95% CI;
0.61-1.00; p=0.86) [18].
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In addition to reviewing the cardioprotective effect in
DM patients from the results of several clinical studies, the
cardioprotective effect of SGLT2 inhibitors with potential
mechanisms was obtained. SGLT2 inhibitors can have an
effect in reducing inflammation. Inflammation is one of the
mechanisms involved in the development of heart failure
[21]. An experimental study conducted by Kusaka et al.
mentioned that experimental animals (male SHR/NDmcr-cp
[+/+] mice) with the metabolic syndrome model showed
empagliflozin treatment (0.03%) for 10 weeks significantly
reduced cardiac myocyte hypertrophy and interstitial fibrosis
[22]. Lee et al. also reported in experiments on wistar rats
with acute phase myocardial infarction models treated with
dapagliflozin for 4 weeks, showing that dapagliflozin
increased the activity of signal transducers and activators of
transcription 3 (STAT3) mediated by reactive oxygen and
nitrogen species (RONS) and increased activation M2
macrophages. M2 is an anti-inflammatory macrophage
phenotype that will release interleukin (IL)-10. This IL-10
release can reduce myofibroblast filtration. Myofibroblast
has a role in the development of cardiac fibrosis so that the
administration of dapagliflozin can provide a heart repair
effect through the STAT3 pathway (Figure 2) [23].
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Fig. 2. Cardioprotective effect of SGLT2 inhibitors via the STAT3
pathway. RONS = reactive oxygen and nitrogen species, STAT3 = signal
transducer and activator of transcription 3, M1 = macrophage 1, iNOS =
superoxide and nitrotyrosine, M2 = macrophage 2, IL-10 = interleukin 10
[23].

SGLT?2 inhibitors are associated with sodium-hydrogen
exchanger (NHE) isoform 1. NHE1 is expressed in
myocardium and modulates the pH of cardiomyocytes. Its
activity is regulated in heart failure because it stimulates the
neurohormonal system (norepinephrine, angiotensin and
aldosterone), myocardial lactic acidosis and the occurrence
of anaerobic metabolism in the heart. As a result, there is
greater intracellular sodium (Na*) intake, which also
activates sodium-calcium exchanger (NCX). This leads to an
increase in intracellular calcium concentration which triggers
cardiac remodeling  (hypertrophy, fibrosis) through
calcineurin activation which ultimately results in heart
damage and cell death [24].

SGLT?2 inhibitors inhibit NHE1 activity as evidenced by
empagliflozin providing beneficial effects in DM patients
with heart failure and reduced ejection fraction (HFrEF).
HFrEF occurs in the presence of protein kinase B (AKT1-3
[AKT1 = RAC-alpha serine/threonine-protein kinase 1;
AKT2 = RAC-beta serine/threonine-protein kinase 2; AKT3
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= RAC-gamma serine/threonine-protein kinase 3]) which
functions as an effector of NHE1 activation, NHEL is
responsible for the induction of baculoviral IAP repeat-
containing protein 2 (BIRC2) which will further induce X-
linked inhibitors of apoptosis (XIAP) and baculoviral 1AP
repeat-containing protein 5 (BIRC5) so that it will further
induce the degradation of X-linked inhibitors of apoptosis
(XIAP) and baculoviral IAP repeat-containing protein 5
(BIRCS) triggered the development of HFrEF. In the
treatment of a post-infarct heart failure (MI-HF) mouse
model, inhibition of NHE1 by empagliflozin, resulted in the
inability of AKT1-3 and BIRC2 to reduce the XIAP and
BIRC5 antiapoptotic factors thereby stopping the
development of HFrEF (Figure 3) [25].
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Fig. 3. Cardioprotective effect via the inhibition of NHE1 in myocardium,
activation pathway (green arrow) and the inhibition (red arrow). AKT1 =
RAC-alpha serine/threonine-protein kinase 1; AKT2 = RAC-beta
serine/threonine-protein kinase 2; AKT3 = RAC-gamma serine/threonine-
protein kinase 3; ATP = adenosine triphosphate; BIRC2 = baculoviral I1AP
repeat-containing protein 2; BIRC5 = baculoviral IAP repeatcontaining
protein 5; LEP = leptin; MAPK1 = mitogen-activated protein kinase 1;
MAPK3 = mitogen-activated protein kinase 3; MC = mitochondria; NHE1
= sodium/hydrogen exchanger 1; NOS2 = nitric oxide synthase; PCr =
phosphocreatine; PDH = pyruvate dehydrogenase; RPTOR = regulatory-
associated protein of mTOR; SR = sarcoplasmic reticulum; TCA =
tricarboxylic acid; XIAP = X-linked inhibitor of apoptosis [25].

In addition to the cardioprotective effect, a renoprotective
effect is also obtained from the use of SGLT2 inhibitors on
kidney outcomes such as slowing the rate of albuminuria,
decreasing the incidence of serum creatinine doubling,
lowering levels of kidney replacement therapy, and slowing
down in kidney function.

Based on the results of the EMPA-REG OUTCOME
study conducted by Wanner et al. treatment with
empagliflozin showed that type 2 DM patients experienced
progression to macroalbuminuria by 11.2% compared to
placebo by 16.2% (HR 0.62; 95% CI; 0.54-0.72; p<0.001)
[26]. In addition to empagliflozin treatment, administration
of canagliflozin 100 or 300 mg/day in patients with type 2
DM can reduce urine albumin creatinine ratio (UACR) more
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on canagliflozin 100 mg administration by 31.7% (p=0.01)
and canagliflozin 300 mg by 49.3% (p<0.001) compared to
glimepiride. The CANVAS study also showed a 27%
reduction in albuminuria occurring in type 2 DM patients
treated with canagliflozine (HR 0.73; 95% CI 0.67-0.69)
[16].

Type 2 DM patients with high cardiovascular risk were
associated with a reduced risk of serum creatinine doubling
by 44%, with an incidence rate of 1.5% in the empagliflozin
group and 2.6% in the placebo group (HR 0.56; 95 % ClI;
0.39-0.79; p<0.001) [26]. Meanwhile, in the CREDENCE
study by Mahaffey et al. showed that administration of
canagliflozin had a doubling in the incidence of serum
creatinine by 20.7% compared to a placebo of 33.8% [18].

In end-stage kidney disease, patients need dialysis
therapy or kidney transplantation. Study by Wanner et al.
showed a reduction in the incidence of renal replacement
therapy by 55%, with an incidence rate of 0.3% of patients in
the empagliflozin group and 0.6% of patients in the placebo
group (HR 0.45; 95% CI; 0.21-0.97; p=0.04) [26]. Whereas
the CANVAS study showed a 40% reduction in glomerular
filtration rate (GFR), renal replacement therapy, and death
due to kidney causes (HR 0.60; 95% CI; 0.47-0.77; p=0.02)
[16].

Studies conducted by Heerspink et al. showed that
administration of canagliflozin 100 or 300 mg/day could
slow the decline in kidney function for more than two years
in patients with type 2 DM compared with glimepiride
administration. Decreased GFR by 3.3 ml/min/1.73m2/year
in the glimepiride group; 0.5 ml/min/1.73m2/year in the 100
mg canagliflozin group; and 0.9 ml/min/1.73m2/year in the
300 mg canagliflozin group (p=0.01) [27]. In the study of
Perkovic et al. also showed canagliflozin decreased GFR
compared to the placebo group (3.19 £ 0.15 vs 4.71 £ 0.15
ml/min/1.73m2) [28]. In addition to canagliflozin,
empagliflozin administration in patients with type 2 DM high
cardiovascular risk decreased annual GFR by 0.19 + 0.11
ml/min/1.73m2 in empagliflozin users compared to placebo
by 167 % 0.13 ml/min/1.73m2 (p<0.001) [26]. A
retrospective cohort study conducted by Sugiyama et al. It
was also found that treatment with SGLT2 inhibitors had an
annual decreasing effect on GFR and urinary protein-to-
creatinine ratio (UPCR) in patients with type 2 DM with
chronic kidney disease (CKD) stage 3b-4 (GFR: pre: -3.8 vs
post: 0.1 ml/min/1.73m2/year, p<0.01 and pre UPCR: 0.36
vs post: 0.23 mg/g Crefyear, n = 35, p<0.01) [29].

The renoprotective effect of SGLT2 inhibitors also has a
potential mechanism. SGLT2 inhibitors cause excretion of
glucose and sodium (Na+) in the urine. The presence of
glucose reabsorption is bound to Na + absorption, so there is
an increase in Na+ in the macula densa thereby increasing
tubuloglomerular  feedback activation which causes
vasoconstriction of afferent arterioles, which is triggered
mainly by the adenosine mediated signal cascade. Macula
densa inhibits renin release from juxtaglomerular cells, an
increase in dilatation of efferent arterioles. Afferent arteriolar
vasoconstriction and efferent arteriolar dilatation decrease
intraglomerular pressure. Reduced intraglomerular pressure
can cause a decrease in albuminuria and glomerular filtration
rate (Figure 4) [14], [27].
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In addition to the mechanism of reduced intraglomerular
pressure, SGLT2 inhibitors reduce the activity of sodium-
hydrogen exchanger (NHE) isoform 3 in the kidney. This
NHE3 activity mediates sodium reuptake. Reduction of
NHE3 activity by SGLT2 inhibitors causes an increase in
natriuresis. Increased natriuresis will activate
tubuloglomerular feedback to reduce intraglomerular
pressure and hyperfiltration resulting in a decrease in single
nephron glomerular filtration rate (SNGFR). The process can
also provide other effects such as reducing hyperuricemia,
diuresis, calorie loss and glucosuria. The decrease in
hyperuricemia occurs with an increase in luminal glucose
can facilitate intracellular urate exchange through glucose
transporter-9 (GLUT9) so that uric acid excretion occurs in
the urine. Diuresis and calorie loss result in weight loss and
blood pressure, which then increases insulin sensitivity and
decreases arterial stiffness. The occurrence of glucosuria,
will reduce hyperglycemia and reduce glucotoxicity (Figure
5) [24], [30].
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Fig. 4. The renoprotective reducing
intraglomerular pressure. DCT = distal convoluted tubule; K* = potassium;
PCT = proximal convoluted tubule [14].
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Fig. 5. The mechanism of renoprotective effects in reducing NHE3
activity in the kidneys. PT = proximal tubule, LOH = loop of Henle, DT =
distal tubule, CD = collecting duct, SGLT = sodium-dependent glucose
transporter GLUT = glucose transporter; NHE3 = sodium hydrogen
exchanger-3 [30].

Based on the description above, it is found that the use of
SGLT2 inhibitors from clinical study results shows a
significant reduction in risk factors for cardiovascular events
such as risk of MACE, myocardial infarction, heart failure,
stroke, death from cardiovascular causes. The
cardioprotective effect of SGLT2 inhibitors appears by
reducing inflammation in the heart through the STAT3
pathway and through the mechanism of NHEL inhibition in
myocardium can prevent the occurrence of HFrEF. Besides
having a cardioprotective effect, SGLT2 inhibitors also have
a renoprotective effect. The results of clinical studies also
found a reduction in kidney events such as slowing the rate
of development of albuminuria, decreasing the incidence of
serum creatinine which doubled, lower levels of kidney
replacement therapy, and slowing the decline in kidney
function. Renoprotective effects arise by lowering
intraglomerular pressure which causes vasoconstriction of
afferent arterioles so as to reduce albuminuria levels and
glomerular filtration rate. This, also supported by a reduction
in NHE3 activity by SGLT2 inhibitors, causes an increase in
natriuresis thereby activating tubuloglomerular feedback to
reduce intraglomerular pressure.

IV. CONCLUSION

SGLT2 inhibitors are a new class of antihyperglycemic
agents with potential cardioprotective and renoprotective
effects. The cardioprotective effect of using SGLT2
inhibitors can reduce the risk of MACE, myocardial
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infarction, heart failure, stroke, death from cardiovascular
causes. While the renoprotective effect of using SGLT2
inhibitors can slow the rate of albuminuria development,
decrease the incidence of serum creatinine doubled, the
lower the level of renal replacement therapy, and slow the
decline in kidney function. This drug has a cardioprotective
mechanism associated with reducing inflammation in the
heart through the STAT3 pathway and through inhibition of
NHE1 in the myocardium can prevent the occurrence of
HFrEF. On the other hand, the renoprotective mechanism is
related to the reduction of intraglomerular pressure which
can reduce albuminuria levels and glomerular filtration rate
and is supported by a reduction in NHE3 activity in the
kidneys.
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