International Journal of Applied Mathematics, Sciences,

and Technology for National Defense
Volume 4, Issue 2,95-106
e_ISSN: 2985-9352, p_ISSN: 2986-0776
https://www.journal.foundae.com/index.php/JAS-ND
DOI : https://doi.org/10.58524 /app.sci.def.v4i2.1134

Impact of SGLT2 inhibitors on heart failure risk and kidney
function in type 2 diabetic mellitus patients: A literature review

Chelsy Vanya Br. Meliala Syahrul Tuba* Adi Priyono
Indonesia Defense University Indonesia Defense University Indonesia Defense University
INDONESIA INDONESIA INDONESIA
Syed Azhar Syed Sulaiman Budi Sumaryono Endah Permata Sari
Universiti Sains Malaysia Indonesia Defense University Muslim University of Indonesia

MALAYSIA INDONESIA INDONESIA

Article Info Abstract

Article history: Background: Type 2 diabetes mellitus is known to be closely associated with an

Received: March 9, 2025
Revised: April 27, 2026
Accepted: May 6, 2026

Keywords:

Heart Failure
Renal Failure
SGLT2i

Type 2 Diabetic

increased risk of heart failure and chronic kidney disease, both of which are
major causes of illness and death in diabetic patients. In recent years, sodium-
glucose cotransporter-2 inhibitors (SGLT2i), which were initially developed as
blood glucose-lowering drugs, have been shown to provide additional benefits
beyond glycemic control, particularly in protecting the heart and kidneys.

Aims: This literature review aims to comprehensively evaluate the impact of
SGLT2 inhibitor use on the risk of heart failure and renal function outcomes in
patients with type 2 diabetes mellitus (T2DM).

Method: A literature search was conducted through the PubMed, Scopus, and
ScienceDirect databases for publications from 2015 to 2025, including
randomized controlled trials (RCTs), meta-analyses, and systematic reviews
using the keywords "SGLT2 inhibitors," "heart failure,” "renal outcomes," and
"type 2 diabetes."

Results: from various large clinical trials and meta-analyses show that SGLT2
inhibitors consistently reduce the risk of hospitalization due to heart failure and
cardiovascular death, with a hazard ratio generally below 0.80. In addition, this
therapy also slows the decline in glomerular filtration rate (eGFR), thereby
reducing deaths due to renal causes.

Conclusion: SGLT-2i has been shown to provide strong cardio-renal protection
in patients with T2DM, especially in individuals at high risk of heart failure or
chronic kidney disease, in accordance with current clinical guidelines.
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INTRODUCTION

National resilience in the health sector has become an increasingly important issue,
particularly in the face of the growing burden of non-communicable diseases. A resilient health
system is defined as the ability to prevent, detect, and respond effectively to health challenges while
maintaining essential healthcare services. Chronic diseases such as Type 2 Diabetes Mellitus pose a
significant threat to national resilience due to their long- term nature, high prevalence, and
substantial economic and social impact. The increasing burden of T2DM not only affects individual
health outcomes but also places considerable pressure on healthcare systems, workforce
productivity, and national healthcare expenditure. Therefore, addressing T2DM and its
complications is essential to strengthening health system resilience and ensuring sustainable
national development (World Health Organization, 2016, 2020, 2024; Kruk et al., 2017; Martens et
al.,, 2025).

Type 2 diabetes mellitus (T2DM) is a major global public health challenge, with an estimated
10% of the world's population living with diabetes (Vianini et al., 2025), the majority of whom have
T2DM. Data from the International Diabetic Federation in 2025 shows that there are up to 589
million people with diabetes worldwide (aged 20-79 years). T2DM has been recognized as a major
public health priority, with prevalence continuing to rise worldwide due to population aging,
urbanization, and lifestyle changes such as poor diet and physical inactivity. Recent global estimates
indicate that hundreds of millions of individuals are affected, and this number is projected to increase
substantially in the coming decades, highlighting an urgent need for effective prevention and
management strategies. (Xie et al., 2025). The growing burden of T2DM not only impacts individual
patient outcomes but also places substantial pressure on healthcare systems, especially in terms of
long-term disease management and complication-related hospitalizations. Furthermore, despite the
availability of conventional glucose-lowering therapies, many do not adequately address the
cardiovascular and renal risks associated with T2DM. Therefore, ongoing research is essential to
better understand disease progression, improve therapeutic strategies, and identify treatments that
provide comprehensive benefits beyond glycemic control, particularly in reducing cardio-renal
complications.

T2DM is not only defined as chronic hyperglycemia, but also by significant cardiovascular and
renal complications, particularly heart failure and chronic kidney disease (CKD). Cardiovascular
disease (CVD) is a very common complication, affecting more than 30% of T2DM patients and
accounting for nearly 50% of deaths in this population. Among CVD complications, heart failure is
recorded in approximately 14-15% of T2DM patients. Patients with T2DM have a much higher risk
of developing heart failure and renal dysfunction compared to the non-diabetic population (Einarson
etal., 2018).

Based on systematic analysis, the prevalence of CKD among T2DM patients reaches around
27% globally, with variations between countries, and is an important risk factor for cardiovascular
mortality and long-term morbidity, making T2DM one of the leading causes of chronic kidney disease
(CKD). Diabetes is known to trigger structural and functional changes in the myocardium, disrupt
cardiac energy metabolism, and activate neurohormonal pathways that contribute to the
development of heart failure. (Alrasheed et al., 2025; Fenta et al., 2023).

Although various conventional antidiabetic therapies such as metformin, sulfonylureas, and
thiazolidinediones have long been used and are effective in controlling blood glucose levels, these
therapies have a number of limitations. Many traditional antidiabetic agents do not provide optimal
protection against cardiovascular and renal complications, and some are associated with side effects
such as hypoglycemia, weight gain, fluid retention, and limitations in use for patients with impaired
renal function. This situation highlights an unmet need for therapies that can provide broader
benefits beyond glycemic control. (Lim et al., 2022).

In recent years, Sodium-Glucose Cotransporter-2 (SGLT2) inhibitors have emerged as an
innovative therapy in the management of DMT2. Initially developed as an oral blood glucose-
lowering agent, SGLT2 inhibitors have been shown to provide protective benefits for the heart and
kidneys. Numerous large clinical trials, meta-analyses, and systematic reviews have shown that the
use of SGLT2 inhibitors significantly reduces the risk of hospitalization due to heart failure and slows
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the progression of chronic kidney disease, both in patients with and without pre-existing
cardiovascular or kidney disease. (McGuire et al., 2021).

As more scientific evidence becomes available, it is important to summarize and thoroughly
review the latest knowledge on the effects of SGLT2 inhibitors on heart failure and renal outcomes
in individuals with type 2 diabetes mellitus. An integrative review is needed to clarify the consistency
and strength of the existing evidence, describe the mechanisms underlying the benefits of this
therapy, and identify areas that are still understudied in literature. This is expected to help clarify the
existing evidence and identify gaps in the literature for clinical practice and further research. Based
on this, this review aims to present a comprehensive synthesis of various published studies on the
effects of SGLT2 inhibitors on heart failure and renal outcomes in patients with DMTZ2, emphasizing
the clinical implications and therapeutic relevance in daily practice.

METHOD

This study was conducted as a structured literature review aiming to synthesize current
evidence on the impact of SGLT2 inhibitors on heart failure and renal outcomes in patients with
type 2 diabetes mellitus. The methodological process was carried out in several sequential steps:
a. Literature search strategy

A comprehensive literature search was performed using three major scientific databases:
PubMed, Scopus, and ScienceDirect. The search covered publications from 2015 to 2025 to
ensure inclusion of the most recent and relevant evidence. The keywords used were: “SGLT2
” “renal outcomes,” and “type 2 diabetes mellitus.” These terms were
combined using Boolean operators (AND/OR) to optimize search sensitivity.
b. Study selection
All identified articles were screened in two stages:
1) Title and abstract screening to exclude irrelevant studies,
2) Full-text review to assess eligibility based on predefined criteria.
C. Inclusion and exclusion criteria
Studies were included if they met the following criteria:
1) Randomized controlled trials (RCTs), systematic reviews, or meta-analyses,
2) Published within the last 10 years,
3) Focused on SGLT2 inhibitors and cardiovascular or renal outcomes in T2DM patients.
Studies were excluded if they:
1) Were not available in full text,
2) Focused on non-human subjects,
3) Did not report relevant heart failure or kidney outcomes.
d. Data extraction

Relevant data from selected studies were extracted systematically, including:

1) Author and year of publication,

2) Study design,

3) Population characteristics,

4) Type of SGLT2 inhibitor used,

5) Key clinical outcomes (heart failure and renal endpoints).

These data were then organized into a structured summary table to facilitate comparison
across studies.

inhibitors,” “heart failure,

RESULTS AND DISCUSSION

This section presents the results of the synthesis derived from the reviewed studies. The key
findings are systematically organized based on thematic categories, methodological approaches, and
research focus relevant to the topic under investigation. The synthesis process involves identifying
patterns, similarities, and differences across the selected studies, enabling a more comprehensive
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understanding of the current state of research in this field. Table 1 presents the findings of previous
studies.

Table 1. Results of the impact of SGLT2 inhibitors on heart failure risk and kidney function in type
2 diabetes mellitus patients

Clinical Outcomes

No Author Stufiy Population Intervention HF Kidney
(Year) Design .
Outcomes Function
1  Wiviottet RCT Patients aged 40 years dapagliflozin ! CV risk 1 240%
al. 2019 or older with type 2 eGFR
diabetes
2 Verma& RCT patients with type 2 empagliflozin d CV risk )
McMurray, diabetes and CV disease Renoprote
2018 ctive effect
3  Nealetal RCT Patients with type 2 canagliflozin | MACE l
2017 diabetes mellitus who progressio
have had a previous n of
myocardial infarction albuminur
ia
4  Zinmanet RCT Patients with type 2 empagliflozin | CV death 1Slows
al, 2015 diabetes mellitus eGFR
(age=18 years) with a decline
BMI = 45 and an eGFR of
atleast 30 ml/min/1.73
m? of body-surface area
5 Wanner RCT Patients with type 2 empagliflozin ~ { CVdeath | rjskof
etal, diabetes mellitus renal
2016 outcome
6  Perkovicet RCT Patients with type 2 canagliflozin driskof { risk of
al. 2018 diabetes mellitus aged heart renal
atleast 30 years with a failure outcome
history of symptomatic
atherosclerotic vascular
disease or aged 50
years with two
prespecified
cardiovascular risk
factors
7  Neuenetal. RCT Patients with type 2 canagliflozin | MACE LSlows
2018 diabetes mellitus with eGFR
eGFR >30 mL/min/1.73 decline
m?2
8  Yaleetal RCT Patients with type 2 canagliflozin ~ lriskof HF | yACR
2014 diabetes mellitus and ratio
stage 3 chronic kidney
disease (CKD) (eGFR
30-50 mL/min/1.73 m?).
9 Bhattetal., RCT Patients with type 2 sotagliflozin ! CV death -
2021 diabetes mellitus
experiencing worsening
heart failure
10  Mahaffey et RCT Patients with type 2 canagliflozin | CV death lriskof
al, 2019 diabetes mellitus who kidney
failure

had primary prevention
(no prior cardiovascular
disease) and secondary
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11  Perkovic et
al, 2019

12  Fitchett et
al.,, 2016

13  Alrasheedet
al, 2025

14 Monteiroet
al., 2019

15 Mordietal
2020

16 Komuro et
al, 2021

17  Karagiannis
etal., 2021

18 Bramlage et
al., 2025

19 Cannonet
al., 2020

20  Heerspink
etal, 2020

21 hund etal.,
2021

22 Cherneyet
al., 2016

23 Engstrom et

al, 2024

RCT

RCT

Systematic
Review and
Meta-
analysis
RCT

RCT

Cohort
study

Systematic
Review and
Meta-
analysis
Systematic
Review and
Meta-
analysis
RCT

RCT

RCT

RCT

Cohort
study
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prevention (with prior
cardiovascular disease)
groups

Patients with type 2
diabetes mellitus aged at
least 30 years with a
glycated hemoglobin
level of 6.5 to 12.0% and
CKD

Patients with type 2
diabetes mellitus and
high cardiovascular risk
Patients with type 2
diabetes mellitus and
heart failure

Patients with type 2
diabetes mellitus and
cardiovascular disease
Patients with type 2
diabetes mellitus and
heart failure

Patients with type 2
diabetes mellitus

Patients with type 2
diabetes mellitus

Patients with type 2
diabetes mellitus and
CKD

Patients with type 2
diabetes mellitus and
established
atherosclerotic
cardiovascular disease.

Patients with type 2
diabetes mellitus with
or without existing
cardiovascular or
kidney conditions

Patients with HFrEF
with or without type 2
diabetes and an
estimated glomerular
filtration rate (eGFR)

>30 mL-min~1 -1.73
m-2

Patients with type 2
diabetes mellitus and
prevalent
microalbuminurla
Patients with type 2
diabetes mellitus

canagliflozin

empagliflozin

SGLT2i

empagliflozin

empagliflozin

SGLT-2i

SGLT-2i

SGLT-2i

ertugliflozin

dapagliflozin

dapagliflozin

empagliflozin

Empagliflozin
and
dapagliflozin

1T
cardioprote
ctive

1 CV death

lCcv
hospitalizat
ion

1 HF risk

lriskof
heart
failure

! risk of
heart
failure
| HF
hospitalizat
ion

1 HF risk

! HF risk

! HF risk

! HF risk

1 HF risk

| ESKD
(risk of
end-stage
renal
disease)

1
Renoprote
ctive

1
Renoprote
ctive
T
Renoprote
ctive

T
Renoprot
ective
)
Renoprote
ctive

1
Renoprote
ctive

1
Renoprote
ctive

{ Slows
declinein
eGFR

! Slows
eGFR
decline

1
Renoprote
ctive

1
Renoprote
ctive
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24 Qiuetal, Meta- Patients with type 2 SGLT-2i ! CV death )
2021 analysis diabetes mellitus Renoprote
ctive

Impact on Heart Failure Outcomes

Several studies have consistently shown that SGLT2 inhibitors are significantly effective in
reducing the incidence of heart failure. Meta-analysis evidence demonstrates the ability of SGLT2
inhibitors to reduce the composite risk of hospitalization due to heart failure and cardiovascular
death with a hazard ratio consistently below 0.80 across all major trials (EMPA-REG, CANVAS,
DECLARE-TIMI-58) (McGuire et al., 2021). Additionally, in patients with type 2 diabetes and chronic
kidney disease, SGLT2 inhibitors can reduce HHF and CV mortality compared to placebo (HR for HHF
often<0.65).(Felix et al., 2024) Another study showed that in patients with type 2 diabetes mellitus
who were newly hospitalized for heart failure and given sotagliflozin, there was a significantly lower
total number of cardiovascular deaths and a reduction in hospitalizations due to heart failure. (Bhatt
etal,, 2021) An observational cohort study conducted in Japanese hospitals on patients with T2D free
of CVRD (cardiovascular or renal) compared SGLT-2 inhibitors and oGLD (dipeptidyl peptidase 4
inhibitors), stating that the SGLT-2 inhibitor group had a lower risk of HF, PGK, stroke, and death
with a 95% confidence interval. In patients with DMT2 and CKD, SGLT-2i demonstrated the ability to
reduce the risk of heart failure with CV outcomes such as MACE (0.93) (Bramlage et al., 2025).

Impact on Kidney Outcomes

Renal outcomes were favorable in many studies, such as in (Heerspink et al., 2020), which
mentioned that patients with chronic kidney disease, with or without type 2 diabetes, had a
composite risk of at least a 50% decline in estimated GFR, end-stage kidney disease, and an increase
in kidney-related mortality when using dapagliflozin. Another study tested patients with type 2
diabetes mellitus and chronic kidney disease using SGLT-2i followed by GLP-1 RA, showing that
SGLT-2i was superior to GLP-1 in reducing the risk of renal outcomes (eGFR decline > 40%) and
demonstrating a renoprotective effect on the kidneys (Bramlage et al., 2025).A large meta-analysis
reported a significant reduction in composite renal outcomes, such as a sustained decline in
estimated glomerular filtration rate (eGFR), progression to end-stage kidney disease (ESKD), or
kidney death, with the use of SGLT2 inhibitors (McGuire et al., 2021).

Safety Outcomes

In all trials and meta-analyses, SGLT2 inhibitors were generally well tolerated. The most
common side effects were genital infections, and serious renal side effects did not increase
significantly (Alrasheed et al., 2025).

Discussion

Across the 24 studies included in this review, there is strong and consistent evidence that
SGLT?2 inhibitors significantly reduce the risk of heart failure (HF), particularly hospitalization for
heart failure (HHF) and cardiovascular (CV) death. Major randomized controlled trials such as EMPA-
REG OUTCOME, CANVAS, and DECLARE-TIMI 58 consistently reported relative risk reductions of
approximately 20-30% in composite outcomes of HHF and CV mortality (McGuire et al., 2021).
Importantly, these benefits are not limited to patients with established cardiovascular disease but
are also observed in lower-risk populations. For example, Komuro et al. (2021) demonstrated that
SGLT2 inhibitors use significantly reduced HF incidence even in patients without prior
cardiovascular or renal disease.

Furthermore, findings from Bhatt et al. (2021) in patients with recent worsening heart failure
suggest that the benefits of SGLT2 inhibitors extend beyond prevention, showing therapeutic value
in more advanced stages of the disease through reductions in both hospitalization and cardiovascular
mortality. Mechanistically, these cardioprotective effects are thought to result from a combination of
hemodynamic changes, such as osmotic diuresis and natriuresis, leading to reduced preload and
afterload, along with improvements in myocardial metabolism and reductions in inflammation and
fibrosis (Verma & McMurray, 2018).

The renal outcomes reported across the included studies are similarly consistent and clinically
meaningful. Most studies demonstrated that SGLTZ2 inhibitors slow the decline in estimated
glomerular filtration rate (eGFR), reduce albuminuria, and lower the risk of progression to end-stage
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kidney disease (ESKD). Large trials such as DAPA-CKD (Heerspink et al., 2020) showed significant
reductions in composite renal outcomes, including 250% decline in eGFR, progression to ESKD, and
renal-related mortality.

Similarly, the CREDENCE trial (Perkovic et al., 2019) reported that canagliflozin significantly
reduced the risk of kidney failure and slowed the progression of diabetic nephropathy. A meta-
analysis by McGuire et al. (2021) further confirmed an approximate 30-40% reduction in composite
renal outcomes, suggesting that these benefits represent a class effect rather than being specific to a
single agent. From a physiological perspective, these renoprotective effects are primarily mediated
by reductions in intraglomerular pressure through restoration of tubuloglomerular feedback, as well
as anti-inflammatory and antifibrotic mechanisms (Perkovic et al., 2018; Ueda et al., 2018).

Although both cardiovascular and renal benefits are substantial, there are notable differences
in their patterns of effect. The reduction in heart failure outcomes tends to occur relatively early after
treatment initiation, often within the first few months, suggesting that acute hemodynamic
mechanisms play a major role. In contrast, renal benefits typically develop more gradually over time,
reflecting long-term structural protection of kidney function. In terms of magnitude, renal outcomes
often show slightly greater relative risk reductions (up to ~40%) compared to cardiovascular
outcomes (~20-30%), indicating a particularly strong renoprotective effect of SGLT2 inhibitors.

Nevertheless, these effects are closely interconnected. Improved kidney function reduces
volume overload and cardiac stress, while better cardiovascular stability supports renal perfusion.
Together, these mechanisms contribute to a synergistic cardio- renal protective effect.

Overall, SGLTZ2 inhibitors are well tolerated across most clinical trials and meta- analyses. The
most reported adverse events are mild to moderate genital infections, which are generally
manageable and rarely lead to treatment discontinuation (Alrasheed et al., 2025). Other potential
risks, such as diabetic ketoacidosis (DKA), are relatively rare but should be considered in specific
clinical situations, including prolonged fasting or acute illness. Importantly, despite their renal
mechanism of action, SGLT2 inhibitors have not been associated with an increased risk of acute
kidney injury in most studies. On the contrary, they demonstrate a protective effect on long-term
renal outcomes. Taken together, the overall risk-benefit profile of SGLT2 inhibitors is highly
favorable, with substantial clinical benefits outweighing the relatively low incidence of adverse
effects.

The findings of this review are well aligned with current international clinical guidelines. The
American Diabetes Association (ADA) 2025 recommends SGLT2 inhibitors for patients with T2DM
who are at high risk of cardiovascular or renal disease, regardless of baseline glycemic control.
Similarly, the European Society of Cardiology (ESC) guidelines emphasize the use of SGLT2 inhibitors
as a first-line therapeutic option in patients with T2DM and established heart failure or chronic
kidney disease (Marx et al., 2023). These recommendations reflect a paradigm shift from a purely
glucose-centered approach to a broader cardio-renal risk reduction strategy, where treatment
decisions are guided not only by glycemic control but also by organ protection.

Despite the strong and consistent findings, several limitations should be acknowledged. First,
heterogeneity across study populations, including differences in baseline cardiovascular risk, kidney
function, and comorbidities, may affect the generalizability of the results. Second, most available data
come from randomized controlled trials with medium-term follow-up, and long-term outcomes
beyond 10 years remain uncertain. Third, some included studies are meta-analyses that may involve
overlapping datasets, potentially introducing bias in pooled estimates. Finally, there is still limited
evidence in specific populations, such as patients with very low eGFR or very elderly individuals.

Long-term studies are needed to assess the durability of the cardio-renal protective effects of
SGLT2 inhibitors. Further investigations in special populations, such as patients with advanced CKD,
elderly individuals, and those receiving combination therapies (e.g., with GLP-1 receptor agonists),
is also warranted. In addition, deeper exploration of the underlying molecular mechanisms may help
clarify the full range of pleiotropic effects associated with this drug class. Finally, more real-world
evidence studies are needed to confirm whether the benefits observed in clinical trials can be
consistently replicated in routine clinical practice.
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CONCLUSION

In conclusion, the findings of this review demonstrate that SGLT2 inhibitors provide consistent
and clinically meaningful benefits in patients with type 2 diabetes mellitus, particularly in reducing
the risk of heart failure and slowing the progression of chronic kidney disease. These effects extend
beyond glycemic control and reflect a broader cardio-renal protective mechanism, as evidenced by
significant reductions in hospitalization for heart failure, cardiovascular mortality, and adverse renal
outcomes across multiple large-scale trials and meta-analyses. The overall evidence supports the role
of SGLT2 inhibitors as a cornerstone therapy in patients with T2DM who are at high risk of
cardiovascular and renal complications, in line with current international clinical guidelines. Their
favorable risk-benefit profile further strengthens their position as an essential component of modern
diabetes management. However, despite the strong body of evidence, several gaps remain. Future
research should focus on long-term outcome studies to better understand the durability of cardio-
renal protection associated with SGLT2 inhibitors. In addition, further investigations are needed in
underrepresented populations, including patients with advanced chronic kidney disease, elderly
individuals, and those with multiple comorbidities.

Future research should focus on evaluating the long-term durability of the cardio-renal
protective effects of SGLT2 inhibitors, particularly beyond current trial follow-up periods. Further
studies are also needed in underrepresented populations, such as patients with advanced chronic
kidney disease, elderly individuals, and those with multiple comorbidities, to enhance the
generalizability of existing evidence. In addition, investigating combination therapies, especially with
GLP-1 receptor agonists, may help optimize treatment outcomes. Finally, real-world studies are
essential to confirm the effectiveness, safety, and cost-effectiveness of SGLT2 inhibitors in routine
clinical practice across diverse healthcare settings.
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