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Abstract

Globally, cardiovascular disease (CVD) and chronic kidney disease (CKD) are the leading causes of mortality.
Despite medical advances, these illnesses are still underdiagnosed and undermanaged. Sodium-glucose
cotransporter-2 inhibitors (SGLT-2i) have recently emerged as a potential class of medications with
promising cardiovascular and renal safety in non-diabetic patients. In this systematic review, we explored
the outcomes of cardiovascular and renal protective effects utilizing SGLT-2i in three large

randomized clinical trials with a cohort of both diabetes and non-diabetes patients. In these studies, data
conferred that there is a significant reduction in heart failure (HF) hospitalization, as well as

cardiovascular and all-cause mortality. Moreover, SGLT-2i impede the progression to and death from CKD.
Additionally, we reviewed trials solely done on non-diabetics which demonstrated benefits in patients with
established HF with reduced ejection fraction, though the fact that these studies had a smaller sample

size. We also discussed some of the potential mechanisms of action of SGLT-2i on cardiovascular and renal
outcomes that are beyond anti-hyperglycemic control. There is ongoing research involving a larger number
of non-diabetes patients that may provide more information about the efficacy of these drugs besides anti-
diabetic medications in the future. Finally, this is the first systematic review that has provided a perspective
on the currently available trials, which offer evidence supporting the potential benefits of SGLT-2i on
cardiovascular and renal outcomes in non-diabetic individuals.

Categories: Cardiology, Endocrinology/Diabetes/Metabolism, Internal Medicine
Keywords: dapagliflozin, empagliflozin, sglt-2 inhibitor, non-diabetes, diabetes, renal effects, cardiovascular effects,
sodium-glucose cotransporter-2 (sglt-2) inhibitors

Introduction And Background

According to the Global Burden of Disease (GBD), cardiovascular disease (CVD) and chronic kidney disease
(CKD) are the leading causes of global mortality [1]. Despite breakthroughs in medicine, heart failure (HF) is
a primary cause of hospitalization, mortality, and morbidity, as well as low quality of life [2]. Moreover, HF
patients are frequently associated with comorbidities, such as CVD and CKD [3]. CKD affects an estimated
840 million individuals globally [4]. As the condition progresses, it can lead to adverse clinical outcomes, and
eventually, kidney failure [5]. Unfortunately, the standard therapy for HF has been unaltered for years which
includes diuretics, beta-blockers, and renin-angiotensin system inhibitors. Even though these drugs offer
cardioprotective and renoprotective benefits, mortality rates continue to grow [6]. Therefore, it is
paramount to emphasize on medications that can assist to mitigate these adverse outcomes.

Sodium-glucose cotransporter-2 inhibitors (SGLT-2i) were first discovered as a novel anti-diabetic drug [7].
Besides glucose-lowering actions, recent trials have indicated that SGLT-2i have demonstrated its efficacy in
reducing the adverse cardiovascular (CV) and renal outcomes in diabetic patients [8-11]. Interestingly, it has
garnered attention in recent years for its extended benefits beyond the anti-hyperglycemic actions, such as
lowering the risk of hospitalization for HF, cardiovascular and all-cause mortality, and death from

CKD, regardless of the baseline diabetic status. With a few mechanisms of action, SGLT-2i effects have
proven to be substantially independent of or nonetheless separated from the effects of blood glucose values
[12,13]. The pathophysiology through which SGLT-2i exert combined cardiorenal protective outcomes is still
unclear. In regard to the cardiac effects, the postulated mechanisms of action are activation of anti-
inflammatory and oxidative stress pathways, increased ketone body protection, and reduction in advanced
glycation end products [2,14].

As a result of growing evidence of SGLT-2i’s prognostic benefits, further research is ongoing to uncover its
benefits on CV and renal outcomes in large cohorts, extending to non-diabetic patients. Initially, two large
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randomized trials, the Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure (DAPA-HF) and
the Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Reduced Ejection Fraction
(EMPEROR-REDUCED), showed a significant reduction in incidents of heart failure events and major renal
outcomes with a cohort consisting of both diabetics and non-diabetics [15-17]. Another trial, the
Dapagliflozin and Prevention of Adverse outcomes in Chronic Kidney Disease (DAPA-CKD), contributed
renoprotective effects by a sustained decline in estimated glomerular filtration rate (eGFR), end-stage renal
disease (ESRD), and renal death, irrespective of the diabetic status [18].

In response to the aforementioned trials, an increasing number of studies are reporting on SGLT-2i in non-
diabetic patients. The purpose of this systematic review is to combine all available evidence on the
combined cardioprotective and renoprotective outcomes of SGLT-2i in a substantial number of non-diabetic
individuals in order to better understand the therapeutic rationale for their usage in those cohorts.
Additionally, we have included studies with both cohorts, diabetes and non-diabetes, and also trials
exclusively done on diabetic individuals, to evaluate the efficacy and to raise future research questions in
this area.

Review

Methodology

We conducted our systematic review using Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines [19]. We adhered to the PRISMA 2020 recommendations [20,21].

Database

We systematically started our articles search in December 2021, using two online databases, PubMed and
Google Scholar, for data collection.

Search Strategy

We incorporated the building block technique for search strategy and explored studies related to sodium-
glucose cotransporter-2 inhibitors (SGLT-2i)/SGLT-2 inhibitors on cardiovascular outcomes/SGLT-2
inhibitors on renal outcomes/diabetes. Our keywords and medical subject heading (MeSH) words included
SGLT-2 inhibitors, cardiovascular outcomes, renal outcomes, heart failure, chronic kidney disease, and
diabetes. We have included the regular keywords and MeSH keywords in the search (Table I).
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Search

Keywords
strategy

Regular Sodium-Glucose Cotransporter-2 Inhibitors; cardiovascular outcomes; renal outcomes; empagliflozin; Dapagliflozin; diabetes;
keywords heart failure; chronic kidney disease

Dapagliflozin OR anti-hyperglycemics OR sodium-glucose cotransporter 2 OR lower blood sugar OR empagliflozin OR
canagliflozin AND Heart failure OR chronic heart disease OR acute heart failure OR chronic kidney disease OR acute kidney
disease OR eGFR OR creatinine OR renal failure OR cardiovascular death OR non fatal myocardial infarction OR
hospitalization OR kidney function OR atherosclerosis AND (( "Sodium-Glucose Transporter 2 Inhibitors/administration and
dosage"[Majr] OR "Sodium-Glucose Transporter 2 Inhibitors/pharmacology”[Majr] OR "Sodium-Glucose Transporter 2
Inhibitors/physiology"[Majr] OR "Sodium-Glucose Transporter 2 Inhibitors/therapeutic use"[Majr] OR "Sodium-Glucose
Transporter 2 Inhibitors/toxicity"[Majr] )) OR ( "Sodium-Glucose Transporter 2 Inhibitors/administration and dosage"
[Mesh:NoExp] OR "Sodium-Glucose Transporter 2 Inhibitors/pharmacology"[Mesh:NoExp] OR "Sodium-Glucose Transporter 2
Inhibitors/physiology"[Mesh:NoExp] OR "Sodium-Glucose Transporter 2 Inhibitors/therapeutic use"[Mesh:NoExp] OR "Sodium-
Glucose Transporter 2 Inhibitors/toxicity"[Mesh:NoExp] ) AND (( "Cardiovascular System/complications"[Majr] OR
"Cardiovascular System/drug effects"[Majr] OR "Cardiovascular System/therapeutic use"[Majr] OR "Cardiovascular
System/toxicity"[Majr] )) OR ( "Cardiovascular System/complications"[Mesh:NoExp] OR "Cardiovascular System/drug effects"
[Mesh:NoExp] OR "Cardiovascular System/therapeutic use"[Mesh:NoExp] OR "Cardiovascular System/toxicity"[Mesh:NoExp] )
AND (( "Kidney Diseases/complications"[Majr] OR "Kidney Diseases/drug effects"[Majr] OR "Kidney Diseases/drug therapy"
[Majr] OR "Kidney Diseases/metabolism"[Majr] OR "Kidney Diseases/pharmacology"[Majr] OR "Kidney Diseases/physiology"
[Majr] OR "Kidney Diseases/therapeutic use"[Majr] )) OR ( "Kidney Diseases/complications"[Mesh:NoExp] OR "Kidney
Diseases/drug effects"[Mesh:NoExp] OR "Kidney Diseases/drug therapy"[Mesh:NoExp] OR "Kidney Diseases/metabolism"
[Mesh:NoExp] OR "Kidney Diseases/pharmacology"[Mesh:NoExp] OR "Kidney Diseases/physiology"[Mesh:NoExp] OR "Kidney
Diseases/therapeutic use"[Mesh:NoExp] )

MeSH
keywords

TABLE 1: Keywords utilized in the study search.

MeSH: medical subject headings; SGLT-2i: sodium-glucose cotransporter-2 inhibitors.

Inclusion Criteria

We looked at peer-reviewed articles and studies from the last 10 years that were published in English. Only
human research in the categories of systematic reviews, meta-analyses, and randomized clinical trials
focusing on adults >18 years and geriatrics were considered. The eligible papers were screened using the
Population, Intervention, Comparison, and Outcomes (PICO) model.

Exclusion Criteria

Gray literature, unpublished articles, case reports, and animal research were omitted. We also did not include
studies written prior to 2011.

Data Extraction

Two researchers worked independently on data retrieval and extraction. If a decision cannot be made due to
a conflict of interest, a third reviewer is approached.

Quality Assessment Tools

We used the Cochrane risk bias assessment tools for randomized clinical trials to critically evaluate our
papers [22]. The assessment of multiple systematic reviews (AMSTAR) checklist was reviewed for systemic
review and meta-analysis [23]. We omitted research that was of poor quality or unrelated to the subject.

Results

A total of 10,880 records were found using regular keywords and MeSH keywords, databases, and eligibility
criteria. From pertinent journals, 10,000 were found in PubMed, and 880 were found in Google

Scholar. After EndNote (Clarivate 1.9, Philadelphia, United States) was used to remove duplicates (n=34),
5,392 unique articles were searched by titles and abstracts. A further 3,452 articles were eliminated owing to
their topic that is irrelevant. Of the remaining articles, a total of 1,940 articles were sought for retrieval.
Following that, 314 papers were assessed for eligibility criteria, and an additional 305 articles were removed
due to the risk of bias, low quality, and other factors. The final criteria were met by nine articles, including
seven randomized controlled trials (RCTs)/observational studies, one systematic review, and one systematic
review and meta-analysis. The characteristics of the individual studies with analysis and outcome measures
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Author Year
Petrie et al.

2020
[16]
Packer et

2020
al. [17]
Heerspink

2016
et al. [24]
Nassif et al.

2019
(18]
Cherney et

2020
al. [25]
Jensen et

2020
al. [26]
Santos-
Gallego et 2021
al. [27]
Zannad et

2020
al. [28]
Tsampasian

2021
et al. [29]

TABLE 2: A summary of final studies in data extraction.

Quality
appraisal
tool used

Cochrane
risk of bias
assessment
tool

Cochrane
risk of bias
assessment
tool

Cochrane
risk of bias
assessment
tool

Cochrane
risk of bias
assessment

tool

Cochrane
risk of bias
assessment
tool

Cochrane
risk of bias
assessment
tool

Cochrane
risk of bias
assessment
tool

AMSTAR 2

checklist

AMSTAR 2
checklist

included in this systematic review are presented in Table 2.

SGLT-2
inhibitor

DAPA

EMPA

DAPA

DAPA

DAPA

DAPA

EMPA

DAPA
and
EMPA

DAPA,
EMPA,
CANA,
SOTA,
ERTU

Study
design

RCT (DAPA-
HF)

RCT
(EMPEROR-
REDUCED)

RCT (DAPA-
CKD)

RCT
(DEFINE-
HF)

RCT
(DIAMOND
TRIAL)

RCT
(EMPIRE-
HF)

RCT
(EMPA-
TROPISM)

Meta-

analysis

Systematic
review and
meta-
analysis

Total
sample
size

4,744

3,730

4,304

236

53

190

84

8,474

13,275

Sample
size of
non-
diabetics

2,605

606, pre-
diabetes
1,268

32.50%

70

53

Both

diabetes
and non-
diabetes

84

4,479

4,576

Aim

To assess if DAPA affects
cardiovascular outcomes
in patients with HF and a
low EF, regardless of
whether or not they are
diabetic.

To get evidence of EMPA
in a wide range of HF
patients with significantly
reduced EF.

To identify the efficacy of
DAPA in CKD in both
diabetes and non-
diabetics.

To establish the effect of
DAPA in established HF
with reduced EF in
patients with or without
diabetes.

To assess the efficacy of
DAPA in patients with
proteinuric kidney disease
without diabetes.

To investigate the effects
of EMPA in NT-proBNP in
patients with HFrEF.

To identify the benefits of
EMPA on LV function and
volume, functional
capacity, and QoL in non-
diabetic HFrEF.

To assess the effects of
SGLT-2i in patients with
HFrEF with or without
diabetes.

To gather evidence of
SGLT-2i effectiveness in
patients with HF
irrespective of their
baseline diabetes status.

Conclusion

Reduction in worsening of HF and
CV death was noted in non-
diabetics similar to diabetics in
addition to the recommended
therapy.

EMPA lowered the risk of CV death
and the hospitalization for HF
regardless of the presence or
absence of diabetes.

DAPA showed a sustained decline
in the eGFR of at least 50%, end-
stage kidney disease, and death
from renal or CV causes in both
diabetes and non-diabetes
individuals.

The advantages of DAPA on
clinically meaningful HF measures
in patients with HFrEF extend to
patients without diabetes as well.

No impact on proteinuria in patients
with kidney disease.

EMPA did not change NT-proBNP
after 12 weeks regardless of
diabetic status.

Considerable improvement in LV
volume, LV mass, LV systolic
function, functional capacity, and
QolL.

Evidence on reduction in
hospitalization for HF and
suggested to reduce all-cause and
CV mortality and improve renal
outcomes regardless of diabetic

status.

Considerable prognostic benefit
observed in patients with HF which
extends to non-diabetic subjects as
well.

DAPA: dapagliflozin; DAPA-HF: Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure; DAPA-CKD: Dapagliflozin and Prevention of Adverse
Outcomes in Chronic Kidney Disease; DEFINE-HF: Dapagliflozin Effects on Biomarkers, Symptoms, and Functional Status in Patients With HF with
Reduced Ejection Fraction; EMPA: empagliflozin; EMPEROR-REDUCED: Empagliflozin Outcome Trial in Patients With Chronic Heart Failure With
Reduced Ejection Fraction; EMPIRE-HF: Empagliflozin in Heart Failure Patients with Reduced Ejection Fraction; EMPA-TROPISM: Empagliflozin in Non-
diabetic Patients With Heart Failure and Reduced Ejection Fraction; DIAMOND: Effects of the SGLT2 Inhibitor Dapagliflozin on Proteinuria in Non-diabetic
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Patients With Chronic Kidney Disease; CANA: canagliflozin; SOTA: sotagliflozin; ERTU: ertugliflozin; RCT: randomized clinical trial; HF: heart failure; EF:
ejection fraction; CKD: chronic kidney disease; NT-proBNP: non-terminal prohormone B-type natriuretic peptide; HFrEF: heart failure with reduced ejection
fraction; LV: left ventricular; QoL: quality of life; SGLT-2i: sodium-glucose cotransporter-2 inhibitors; CV: cardiovascular; eGFR: estimated glomerular
filtration rate; AMSTAR: assessment of multiple systematic reviews.

We have presented our PRISMA flow diagram in Figure 1.
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FIGURE 1: Comprehensive PRISMA flow diagram.

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analyses.

Discussion

In this review, we will cover the likely mechanisms of action and current evidence available in the non-
diabetic patient cohorts. We will also analyze differences in various trials in terms of cardiovascular and
renal outcomes, limitations, and future recommendations, to throw light on future research questions.

Mechanisms of Action of Sodium-Glucose Cotransporter-2 Inhibitors (SGLT-2i) in Cardiorenal Protective
Outcomes

While the specific mechanism by which SGLT-2i exert its cardioprotective and renoprotective effects is not
fully understood, numerous hypotheses have been proposed to provide evidence that SGLT-

2i have functions other than glycemic regulation. Some of the postulated mechanisms of action are
discussed here. The benefits of SGLT-2i in heart failure (HF) are mostly attributable to the stimulation of
natriuresis and osmotic diuresis that these agents stimulate [12,30]. Increased ketogenesis leads to a rise in
hematocrit, which increases oxygen delivery to the vascular bed, such as the renal medulla and myocardium
[31]. Moreover, SGLT-2i have been shown to reduce myocardial workload by lowering blood pressure, and
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there are data to suggest that reduction in arterial stiffness and improvement in vascular resistance might
also play a significant role [13,32]. Another positive characteristic is the antifibrotic effect on the heart;
empagliflozin (EMPA) has demonstrated its efficacy in abating the myocardia fibrosis after myocardial
infarction (MI) and attenuating the myofibroblast activity and cardiac remodeling [33,34]. In addition, SGLT-
2i regulate the tubuloglomerular feedback and reduce the intraglomerular pressure and hyperfiltration by
releasing adenosine in the proximal convoluted tubules [24].

Current Evidence on Cardiorenal Benefits of SGLT-2i, Limitations, and Recommendations

The first large breakthrough randomized clinical trial (RCT) of SGLT-2i that included both diabetes and non-
diabetes is the Dapagliflozin and Prevention of Adverse Outcomes in Heart failure (DAPA-HF) trial [15].
DAPA-HF enrolled 4,744 patients, 2,605 of whom did not have diabetes. Those enrolled in this trial had HF

and a low ejection fraction (EF) of the estimated glomerular filtration rate (eGFR) of >30 mL/min/1.73 m2.
They were tracked for a median of 18.2 months, and the hazard ratio (HR) for primary outcomes of both
diabetes and without diabetes was similar (HR of primary outcome, 0.75 and 0.73, respectively). This study
demonstrated that dapagliflozin (DAPA) was equally effective in 55% of patients without type 2 diabetes as it
was on those who did have diabetes. This was supported by the findings of an exploratory analysis of this
trial in 2020 by Petrie et al., which showed a considerable reduction in the primary composite outcomes of
worsening HF or cardiovascular death in patients without diabetes (HR, 0.73 in non-diabetics, 0.74 in
individuals with glycated hemoglobin of at least 5.7%, and 0.67 in those with glycated hemoglobin <5.7%)
[16].

Simultaneously, another major study, the Empagliflozin Outcome Trial in Patients With Chronic Heart
Failure with Reduced Ejection Fraction (EMPEROR-REDUCED), replicated the findings of DAPA-HF but with

a reduced eGFR threshold of 20 mL/min/1.73 m? [17]. The effect of empagliflozin (EMPA) on the primary
outcomes was consistent across all predefined subgroups, including diabetes and non-diabetic patients (HR,
0.72 and 0.78, respectively).

The findings of the two trials were nearly identical in both diabetic and non-diabetic individuals, such as
reduced hospitalization for HF, all-cause mortality, and progression from chronic kidney disease (CKD).
Furthermore, DAPA-HF and EMPEROR-REDUCED are the only trials that evaluated the effect of SGLT-2i on
mortality and morbidity in patients with symptomatic heart failure reduced ejection fraction (HFrEF),
increased natriuretic peptides, and patients with or without diabetes. It is worth noting that the relative
reduction in cardiovascular death was lower in EMPEROR-REDUCED (8%) than in DAPA-HF (18%), which
merits more investigation in the future. In terms of renal benefit, the reduction in eGFR was less in the

empagliflozin group compared to the placebo group (-0.55 mL/minute/1.73 m%year versus -2.28 + 0.23

mL/min/1.73 mz/year; P <0.001). To corroborate this, a prespecified analysis of the EMPEROR-REDUCED
study was undertaken, which highlighted the fact that EMPA decreases heart failure and renal adverse
effects in pre-diabetic and normoglycemic patients [35]. Furthermore, a meta-analysis on EMPEROR-
REDUCED and DAPA-HF [28] validated the cardioprotective benefits of SGLT-2i. Additionally, the meta-
analysis stated that there were no significant adverse effects of SGLT-2i and that these medications were
well tolerated in both investigations.

Following that, Heerspink et al. demonstrated dapagliflozin efficacy in non-diabetics with chronic kidney
disease in the Dapagliflozin on Renal Outcomes and Cardiovascular Mortality in Patients With Chronic
Kidney Disease (DAPA-CKD) trial, which enrolled 4,304 patients, 32.5% of whom were non-diabetics [36].
The study was halted early due to its tremendous effectiveness. It stated unequivocally that individuals with
CKD who were using dapagliflozin had a lower risk of at least 50% in diminishing in eGFR, end-stage kidney
disease, or mortality from renal or cardiovascular reasons, regardless of having diabetes or not. Also, the
primary outcome was similar in both diabetes and non-diabetes subjects. Especially, the effectiveness of
DAPA was at best in non-diabetic kidney disease patients. Moreover, dapagliflozin has been proven to
reduce worsening renal function or death from kidney failure, hospitalization for HF or cardiovascular (CV)
death, and all-cause mortality. Dapagliflozin was similarly found to be safe in patients with CKD, with no
changes in adverse effects when compared to placebo.

A limited number of studies examined the effects of SGLT-2i on a mixed sample of diabetics and non-
diabetics. Nassif et al. enrolled 236 adult ambulatory patients with or without type 2 diabetic mellitus
(T2DM) in the Dapagliflozin Effects on Biomarkers, Symptoms, and Functional Status in Patients With HF
With Reduced Ejection Fraction (DEFINE-HF) clinical trial [18]. Even though this trial included only

a small sample of patients and patients exclusively from the United States, it has been concluded that the
benefits of dapagliflozin in patients with established heart failure and a reduced ejection fraction also apply
to patients without diabetes [18].

In a recent six-month experiment, the effects of the SGLT2 inhibitor dapagliflozin on proteinuria in non-
diabetic patients with chronic kidney disease (Empagliflozin in Non-diabetic Patients With Heart Failure and
Reduced Ejection Fraction (EMPA-TROPISM)) done only on non-diabetics (n=84) with HFrEF revealed that
the benefits of EMPA extend beyond diabetes, particularly in terms of CV outcomes. In its primary and
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secondary end points, this study clearly demonstrated an improvement in patients with heart failure
reduced ejection fraction HFrEF by reducing left ventricular (LV) volume, decreasing LV mass, increasing LV
systolic function, and improving functional capacity and quality of life (QoL) [27]. Despite the favorable
results, the study had a small sample size and the impact on heart failure preserved ejection fraction
(HFpEF) was not investigated.

Besides, the Empagliflozin in Heart Failure Patients With Reduced Ejection Fraction (EMPIRE-HF) trial,
which included 190 diabetic and non-diabetic patients, found no statistical significance in non-

terminal prohormone B-type natriuretic peptide (NT-proBNP), QoL, or daily activity levels after providing
EMPA 10 mg for three months [26]. On the contrary, subjects in the DAPA-HF study, who had both diabetes
and non-diabetes, saw a 20% drop in NT-proBNP following eight months of dapagliflozin medication. This
could be owing to the small number of patients in EMPIRE-HF, or it could be because the patient cohort in
EMPIRE-HF was effectively treated with other prescribed therapy. However, patients in DEFINE-HF showed
no statistical significance in terms of NT-proBNP alteration after 12 weeks of treatment with DAPA. As a
result, it backs up the evidence that DAPA and EMPA had no effect on NT-proBNP. Thus, the contrasting
effects of SGLT-2i in DAPA-HF from DEFINE-HF are explained by the mechanism of diuretic effect due to an
increase in hematocrit or reduction of afterload due to decreased systolic pressure which together decreases
the release of NT-proBNP [37].

Moreover, results from DAPA-HF have proved that SGLT-2i have beneficial effects on morbidity and
mortality in patients with HFrEF. Therefore, end points in EMPIRE-HF should have been addressed
appropriately. More research on a large cohort of patients with appropriate objectives is needed in the
future to have a better understanding. Next, a small RCT trial, the Effects of the SGLT2 Inhibitor
Dapagliflozin on Proteinuria in Non-diabetic Patients With Chronic Kidney Disease (DIAMOND trial), on
non-diabetes patients with proteinuric kidney disease found no significant benefits [25]. Because there was a
fewer sample size and still large trials are underway.

There were two smaller trials in non-diabetic kidney disease patients that were not included due to the small
sample size and lack of statistical significance. DAPA on top of renin-angiotensin-aldosterone system
(RAAS) blocking medication produced neutral renal hemodynamic and antiproteinuric effects in non-
diabetic patients with focal segmental glomerulosclerosis (FSGS), according to the initial pilot trial by
Rajasekeran et al., which included 10 non-diabetic patients [38]. The second research, conducted by Bays et
al., enrolled 370 non-diabetic obese patients who did not exhibit any renal improvements after 12 weeks of
Canagliflozin 100 or 300 mg/day treatment [39].

In the future, the Study of Heart and Kidney Protection With Empagliflozin (EMPA-KIDNEY) will also give
further information to healthcare professionals about the use of SGLT-2i in patients with CKD who do not
have T2DM, as well as in patients with more advanced CKD (stage 3b and early stage 4) who do not have
albuminuria [40]. Additionally, more details from the Empagliflozin Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients (EMPEROR-PRESERVED) [41] major outcome trial, which included non-
diabetic patients, might shed more light on the SGLT-2i empagliflozin's efficacy outside of diabetes.

Limitations

There are several limitations to this study that should be noted. To begin, we only looked at randomized
controlled trials, systematic reviews, and meta-analyses published in the last 10 years. To our

knowledge, there are no larger clinical trials designed specifically for non-diabetic individuals. Furthermore,
the sample size of non-diabetic cohorts in current studies is smaller. As a result, we included RCTs and
studies involving both diabetic and non-diabetic individuals. Also, as a safety profile, we did not address the
negative impacts of SGLT-2i. Finally, the RCTs examined in this article varied in terms of study design,
patient cohort, and primary and secondary outcomes.

Conclusions

In terms of cardiovascular and renal outcomes, sodium-glucose cotransporter-2 inhibitors (SGLT-2i) have
been shown to be effective. The cardiovascular and renal advantages of SGLT-2i in non-diabetic patients
were the focus of this systematic study. Although no large clinical trial has been conducted exclusively on
non-diabetics, recent trials reporting cardiovascular (CV) and renal outcomes in a cohort of both diabetes
and non-diabetics have shown a significant reduction in heart failure (HF) hospitalization and mortality
from CV causes, as well as prevention of chronic kidney disease progression and death. Surprisingly,
identical efficacy has been reported in both populations (diabetes and non-diabetes). The results of ongoing
and future randomized controlled trials will undoubtedly broaden the clinical indications for SGLT-2i in a
wide range of patient populations, allowing us to discover and unlock their utility beyond anti-glycemic
effects. However, more studies with a larger non-diabetic sample size are needed in the future. This research
could be groundbreaking, opening new information and future research questions on the effects of SGLT-2i
on cardioprotective and renoprotective results in non-diabetic people.

Additional Information

2022 Giri Ravindran et al. Cureus 14(5): €25476. DOI 10.7759/cureus.25476 70of9



Cureus

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Global, regional, and national life expectancy, all-cause mortality, and cause-specific mortality for 249
causes of death, 1980-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet. 2016,
388:1459-544. 10.1016/S0140-6736(16)31012-1

Tomasoni D, Adamo M, Lombardi CM, Metra M: Highlights in heart failure. ESC Heart Fail. 2019, 6:1105-27.
10.1002/ehf2.12555

Cheng RK, Cox M, Neely ML, et al.: Outcomes in patients with heart failure with preserved, borderline, and
reduced ejection fraction in the Medicare population. Am Heart J. 2014, 168:721-30.e3.
10.1016/j.ahj.2014.07.008

Jager KJ, Kovesdy C, Langham R, Rosenberg M, Jha V, Zoccali C: A single number for advocacy and
communication: worldwide more than 850 million individuals have kidney diseases. Nephrol Dial
Transplant. 2019, 34:1803-5. 10.1093/ndt/gfz174

Cooper JT, Lloyd A, Sanchez J], Sorstadius E, Briggs A, McFarlane P: Health related quality of life utility
weights for economic evaluation through different stages of chronic kidney disease: a systematic literature
review. Health Qual Life Outcomes. 2020, 18:310. 10.1186/s12955-020-01559-x

Genuardi MV, Mather PJ: The dawn of the four-drug era? SGLT2 inhibition in heart failure with reduced
ejection fraction. Ther Adv Cardiovasc Dis. 2021, 15:17539447211002678. 10.1177/17539447211002678
Nespoux J, Vallon V: SGLT2 inhibition and kidney protection. Clin Sci (Lond). 2018, 132:1329-39.
10.1042/CS20171298

Bhatt DL, Szarek M, Steg PG, et al.: Sotagliflozin in patients with diabetes and recent worsening heart
failure. N Engl ] Med. 2021, 384:117-28. 10.1056/NEJMo0a2030183

Kato ET, Silverman MG, Mosenzon O, et al.: Effect of dapagliflozin on heart failure and mortality in type 2
diabetes mellitus. Circulation. 2019, 139:2528-36. 10.1161/CIRCULATIONAHA.119.040130

Fitchett D, Zinman B, Wanner C, et al.: Heart failure outcomes with empagliflozin in patients with type 2
diabetes at high cardiovascular risk: results of the EMPA-REG OUTCOME® trial. Eur Heart J. 2016, 37:1526-
34.10.1093/eurheartj/ehv728

Radholm K, Figtree G, Perkovic V, et al.: Canagliflozin and heart failure in type 2 diabetes mellitus: results
from the CANVAS program. Circulation. 2018, 138:458-68. 10.1161/CIRCULATIONAHA.118.034222

Verma S, McMurray JJ: SGLT2 inhibitors and mechanisms of cardiovascular benefit: a state-of-the-art
review. Diabetologia. 2018, 61:2108-17. 10.1007/s00125-018-4670-7

Bonora BM, Avogaro A, Fadini GP: Extraglycemic effects of SGLT2 inhibitors: a review of the evidence .
Diabetes Metab Syndr Obes. 2020, 2020:161-74. 10.2147/DMS0.5233538

Sano M: A new class of drugs for heart failure: SGLT2 inhibitors reduce sympathetic overactivity . J Cardiol.
2018, 71:471-6. 10.1016/j.jjcc.2017.12.004

McMurray JJ, Solomon SD, Inzucchi SE, et al.: Dapagliflozin in patients with heart failure and reduced
ejection fraction. N Engl ] Med. 2019, 381:1995-2008. 10.1056/NE]Moal911303

Petrie MC, Verma S, Docherty KF, et al.: Effect of dapagliflozin on worsening heart failure and
cardiovascular death in patients with heart failure with and without diabetes. JAMA. 2020, 323:1353-68.
10.1001/jama.2020.1906

Packer M, Anker SD, Butler ], et al.: Cardiovascular and renal outcomes with empagliflozin in heart failure .
N Engl ] Med. 2020, 383:1413-24. 10.1056/NE]Mo0a2022190

Nassif ME, Windsor SL, Tang F, et al.: Dapagliflozin effects on biomarkers, symptoms, and functional status
in patients with heart failure with reduced ejection fraction: the DEFINE-HF trial. Circulation. 2019,
140:1463-76. 10.1161/CIRCULATIONAHA.119.042929

Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71

Liberati A, Altman DG, Tetzlaff ], et al.: The PRISMA statement for reporting systematic reviews and meta-
analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ. 2009,
339:b2700. 10.1136/bmj.b2700

Moher D, Liberati A, Tetzlaff ], Altman DG: Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med. 2009, 6:e1000097. 10.1371/journal.pmed.1000097

Shea BJ, Reeves BC, Wells G, et al.: AMSTAR 2: a critical appraisal tool for systematic reviews that include
randomised or non-randomised studies of healthcare interventions, or both. BMJ. 2017, 358:j4008.
10.1136/bmj.j4008

RoB 2: a revised Cochrane risk-of-bias tool for randomized trials . (2021). Accessed: July 3, 2021:
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials.
Heerspink HJ, Perkins BA, Fitchett DH, Husain M, Cherney DZ: Sodium glucose cotransporter 2 inhibitors in
the treatment of diabetes mellitus: cardiovascular and kidney effects, potential mechanisms, and clinical
applications. Circulation. 2016, 134:752-72. 10.1161/CIRCULATIONAHA.116.021887

Cherney DZ, Dekkers CC, Barbour SJ, et al.: Effects of the SGLT2 inhibitor dapagliflozin on proteinuria in
non-diabetic patients with chronic kidney disease (DIAMOND): a randomised, double-blind, crossover trial.
Lancet Diabetes Endocrinol. 2020, 8:582-93. 10.1016/52213-8587(20)30162-5

Jensen J, Omar M, Kistorp C, et al.: Twelve weeks of treatment with empagliflozin in patients with heart
failure and reduced ejection fraction: a double-blinded, randomized, and placebo-controlled trial. Am Heart

2022 Giri Ravindran et al. Cureus 14(5): €25476. DOI 10.7759/cureus.25476

8of9


https://dx.doi.org/10.1016/S0140-6736(16)31012-1
https://dx.doi.org/10.1016/S0140-6736(16)31012-1
https://dx.doi.org/10.1002/ehf2.12555
https://dx.doi.org/10.1002/ehf2.12555
https://dx.doi.org/10.1016/j.ahj.2014.07.008
https://dx.doi.org/10.1016/j.ahj.2014.07.008
https://dx.doi.org/10.1093/ndt/gfz174
https://dx.doi.org/10.1093/ndt/gfz174
https://dx.doi.org/10.1186/s12955-020-01559-x
https://dx.doi.org/10.1186/s12955-020-01559-x
https://dx.doi.org/10.1177/17539447211002678
https://dx.doi.org/10.1177/17539447211002678
https://dx.doi.org/10.1042/CS20171298
https://dx.doi.org/10.1042/CS20171298
https://dx.doi.org/10.1056/NEJMoa2030183
https://dx.doi.org/10.1056/NEJMoa2030183
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.040130
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.040130
https://dx.doi.org/10.1093/eurheartj/ehv728
https://dx.doi.org/10.1093/eurheartj/ehv728
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.034222
https://dx.doi.org/10.1161/CIRCULATIONAHA.118.034222
https://dx.doi.org/10.1007/s00125-018-4670-7
https://dx.doi.org/10.1007/s00125-018-4670-7
https://dx.doi.org/10.2147/DMSO.S233538
https://dx.doi.org/10.2147/DMSO.S233538
https://dx.doi.org/10.1016/j.jjcc.2017.12.004
https://dx.doi.org/10.1016/j.jjcc.2017.12.004
https://dx.doi.org/10.1056/NEJMoa1911303
https://dx.doi.org/10.1056/NEJMoa1911303
https://dx.doi.org/10.1001/jama.2020.1906
https://dx.doi.org/10.1001/jama.2020.1906
https://dx.doi.org/10.1056/NEJMoa2022190
https://dx.doi.org/10.1056/NEJMoa2022190
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.042929
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.042929
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.b2700
https://dx.doi.org/10.1136/bmj.b2700
https://dx.doi.org/10.1371/journal.pmed.1000097
https://dx.doi.org/10.1371/journal.pmed.1000097
https://dx.doi.org/10.1136/bmj.j4008
https://dx.doi.org/10.1136/bmj.j4008
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.021887
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.021887
https://dx.doi.org/10.1016/S2213-8587(20)30162-5
https://dx.doi.org/10.1016/S2213-8587(20)30162-5
https://dx.doi.org/10.1016/j.ahj.2020.07.011

Cureus

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

J. 2020, 228:47-56. 10.1016/j.ahj.2020.07.011

Santos-Gallego CG, Vargas-Delgado AP, Requena-Ibanez JA, et al.: Randomized trial of empagliflozin in
nondiabetic patients with heart failure and reduced ejection fraction. ] Am Coll Cardiol. 2021, 77:243-55.
10.1016/j.jacc.2020.11.008

Zannad F, Ferreira JP, Pocock SJ, et al.: SGLT2 inhibitors in patients with heart failure with reduced ejection
fraction: a meta-analysis of the EMPEROR-REDUCED and DAPA-HF trials. Lancet. 2020, 396:819-29.
10.1016/S0140-6736(20)31824-9

Tsampasian V, Baral R, Chattopadhyay R, et al.: The role of SGLT2 inhibitors in heart failure: a systematic
review and meta-analysis. Cardiol Res Pract. 2021, 2021:9927533. 10.1155/2021/9927533

Lam CS, Chandramouli C, Ahooja V, Verma S: SGLT-2 inhibitors in heart failure: current management,
unmet needs, and therapeutic prospects. ] Am Heart Assoc. 2019, 8:e013389. 10.1161/JAHA.119.013389
Verma S, Rawat S, Ho KL, et al.: Empagliflozin increases cardiac energy production in diabetes: novel
translational insights into the heart failure benefits of SGLT2 inhibitors. JACC Basic Transl Sci. 2018, 3:575-
87.10.1016/j.jacbts.2018.07.006

Chilton R, Tikkanen I, Cannon CP, Crowe S, Woerle HJ, Broedl UC, Johansen OE: Effects of empagliflozin on
blood pressure and markers of arterial stiffness and vascular resistance in patients with type 2 diabetes.
Diabetes Obes Metab. 2015, 17:1180-93. 10.1111/dom.12572

Kang S, Verma S, Hassanabad AF, et al.: Direct effects of empagliflozin on extracellular matrix remodelling
in human cardiac myofibroblasts: novel translational clues to explain EMPA-REG OUTCOME results. Can ]
Cardiol. 2020, 36:543-53. 10.1016/j.cjca.2019.08.033

Lee TM, Chang NC, Lin SZ: Dapagliflozin, a selective SGLT2 Inhibitor, attenuated cardiac fibrosis by
regulating the macrophage polarization via STAT3 signaling in infarcted rat hearts. Free Radic Biol Med.
2017, 104:298-310. 10.1016/j.freeradbiomed.2017.01.035

Anker SD, Butler J, Filippatos G, et al.: Effect of empagliflozin on cardiovascular and renal outcomes in
patients with heart failure by baseline diabetes status: results from the EMPEROR-Reduced trial.
Circulation. 2021, 143:337-49. 10.1161/CIRCULATIONAHA.120.051824

Heerspink HJ, Stefansson BV, Correa-Rotter R, et al.: Dapagliflozin in patients with chronic kidney disease .
N Engl ] Med. 2020, 383:1436-46. 10.1056/NE]M0a2024816

Larsen Al Dickstein K, Ahmadi NS, Aarsland T, Kvalgy JT, Hall C: The effect of altering haemodynamics on
the plasma concentrations of natriuretic peptides in heart failure. Eur ] Heart Fail. 2006, 8:628-33.
10.1016/j.ejheart.2005.11.018

Rajasekeran H, Reich HN, Hladunewich MA, et al.: Dapagliflozin in focal segmental glomerulosclerosis: a
combined human-rodent pilot study. Am | Physiol Renal Physiol. 2018, 314:F412-22.
10.1152/ajprenal.00445.2017

Bays HE, Weinstein R, Law G, Canovatchel W: Canagliflozin: effects in overweight and obese subjects
without diabetes mellitus. Obesity (Silver Spring). 2014, 22:1042-9. 10.1002/0by.20663

Herrington WG, Preiss D, Haynes R, et al.: The potential for improving cardio-renal outcomes by sodium-
glucose co-transporter-2 inhibition in people with chronic kidney disease: a rationale for the EMPA-
KIDNEY study. Clin Kidney J. 2018, 11:749-61. 10.1093/ckj/sfy090

Anker SD, Butler J, Filippatos G, et al.: Empagliflozin in heart failure with a preserved ejection fraction . N
Engl ] Med. 2021, 385:1451-61. 10.1056/NE]Mo0a2107038

2022 Giri Ravindran et al. Cureus 14(5): €25476. DOI 10.7759/cureus.25476

90f9


https://dx.doi.org/10.1016/j.ahj.2020.07.011
https://dx.doi.org/10.1016/j.jacc.2020.11.008
https://dx.doi.org/10.1016/j.jacc.2020.11.008
https://dx.doi.org/10.1016/S0140-6736(20)31824-9
https://dx.doi.org/10.1016/S0140-6736(20)31824-9
https://dx.doi.org/10.1155/2021/9927533
https://dx.doi.org/10.1155/2021/9927533
https://dx.doi.org/10.1161/JAHA.119.013389
https://dx.doi.org/10.1161/JAHA.119.013389
https://dx.doi.org/10.1016/j.jacbts.2018.07.006
https://dx.doi.org/10.1016/j.jacbts.2018.07.006
https://dx.doi.org/10.1111/dom.12572
https://dx.doi.org/10.1111/dom.12572
https://dx.doi.org/10.1016/j.cjca.2019.08.033
https://dx.doi.org/10.1016/j.cjca.2019.08.033
https://dx.doi.org/10.1016/j.freeradbiomed.2017.01.035
https://dx.doi.org/10.1016/j.freeradbiomed.2017.01.035
https://dx.doi.org/10.1161/CIRCULATIONAHA.120.051824
https://dx.doi.org/10.1161/CIRCULATIONAHA.120.051824
https://dx.doi.org/10.1056/NEJMoa2024816
https://dx.doi.org/10.1056/NEJMoa2024816
https://dx.doi.org/10.1016/j.ejheart.2005.11.018
https://dx.doi.org/10.1016/j.ejheart.2005.11.018
https://dx.doi.org/10.1152/ajprenal.00445.2017
https://dx.doi.org/10.1152/ajprenal.00445.2017
https://dx.doi.org/10.1002/oby.20663
https://dx.doi.org/10.1002/oby.20663
https://dx.doi.org/10.1093/ckj/sfy090
https://dx.doi.org/10.1093/ckj/sfy090
https://dx.doi.org/10.1056/NEJMoa2107038
https://dx.doi.org/10.1056/NEJMoa2107038

	The Effects of Sodium-Glucose Cotransporter-2 Inhibitors (SLGT-2i) on Cardiovascular and Renal Outcomes in Non-diabetic Patients: A Systematic Review
	Abstract
	Introduction And Background
	Review
	Methodology
	TABLE 1: Keywords utilized in the study search.

	Results
	TABLE 2: A summary of final studies in data extraction.
	FIGURE 1: Comprehensive PRISMA flow diagram.

	Discussion

	Conclusions
	Additional Information
	Disclosures

	References


