
Journal of Clinical & Translational Endocrinology 35 (2024) 100335

Available online 12 March 2024
2214-6237/© 2024 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

SGLT2 inhibitors: Beyond glycemic control 

Irtiza Hasan a, Tasnuva Rashid a, Vishal Jaikaransingh a, Charles Heilig a, 
Emaad M. Abdel-Rahman b, Alaa S. Awad a,* 

a University of Florida College of Medicine-Jacksonville, FL, USA 
b University of Virginia, Charlottesville, VA, USA   

A R T I C L E  I N F O   

Keywords: 
SGLT2 
Chronic kidney disease 
Cardiovascular disease 
IgA nephropathy 
Metabolism 
Systematic review 

A B S T R A C T   

Multiple randomized controlled trials have extensively examined the therapeutic effectiveness of sodium-glucose 
cotransporter 2 (SGLT2) inhibitors, ushering in a transformative approach to treating individuals with type 2 
diabetes mellitus (DM). Notably, emerging reports have drawn attention to the potential positive impacts of 
SGLT2 inhibitors in nondiabetic patients. In an effort to delve into this phenomenon, a comprehensive systematic 
literature review spanning PubMed (NLM), Medline (Ovid), and Cochrane Library, covering publications from 
2000 to 2024 was undertaken. This systematic review encompassed twenty-six randomized control trials (RCTs) 
involving 35,317 participants. The findings unveiled a multifaceted role for SGLT2 inhibitors, showcasing their 
ability to enhance metabolic control and yield cardioprotective effects through a reduction in cardiovascular 
death (CVD) and hospitalization related to heart failure (HF). Additionally, a renalprotective effect was observed, 
evidenced by a slowdown in chronic kidney disease (CKD) progression and a decrease in albuminuria. Impor-
tantly, these benefits were coupled with an acceptable safety profile. The literature also points to various bio-
logical plausibility and underlying mechanistic pathways, offering insights into the association between SGLT2 
inhibitors and these positive outcomes in nondiabetic individuals. Current research trends indicate a continual 
exploration of additional role for SGLT2 inhibitors in. Nevertheless, further research is imperative to fully 
elucidate the mechanisms and long-term outcomes associated with the nondiabetic use of SGLT2 inhibitors.   

Introduction 

Sodium-glucose Cotransporter 2 (SGLT2) inhibitors are hypoglyce-
mic agents with a unique mechanism of action toward lowering blood 
sugar independent of insulin [1]. SGLT2 inhibitors were first derived 
from phlorizin isolated from the root bark of apple trees in 1835 [2]. In 
addition to anti-inflammatory, antioxidant, and anticancer effects, 
phlorizin is also reported to have anti-glycemic effects [2–3]. Although 
phlorizin has poor bioavailability, novel phlorizin-based analogs 
derived from C glucoside have increased bioavailability, selectivity, and 
stability [4–5]. Commonly, SGLT2 inhibitors are approved for market-
ing for the treatment of hyperglycemia by the European Medicines 
Agency (EMA), Food and Drug Administration (FDA), Pharmaceutical 
and Medical Devices Agency, Japan (PMDA) and National Medical 
Products Administration, China (NMPA) [6]. To date, four SGLT2 in-
hibitors, canagliflozin, dapagliflozin, empagliflozin, and ertugliflozin, 
are currently approved for use in adults in the US [7]. Canagliflozin was 

the first SGLT2 inhibitor approved in March 2013, followed by dapa-
gliflozin in January 2014, empagliflozin in August 2014, and the latest 
being ertugliflozin in 2017 [7]. Among the four FDA-approved drugs, 
empagliflozin has the greatest selectivity for SGLT2 compared to SGLT1, 
while canagliflozin is the least selective [8]. 

Sodium-glucose cotransporters (SGLT) are transport proteins that 
transport glucose into cells via a sodium concentration gradient estab-
lished by a Na+/K+ ATPase pump [9]. SGLT1 and SGLT2 are the two 
essential transport proteins in the SGLT family. SGLT2 is predominantly 
expressed in proximal convoluted tubules [6,9]. It is a low affinity/high- 
capacity protein located in the apical membrane of renal proximal tu-
bules (S1 & S2 segment) for most of the glucose reabsorption (80–90 %) 
in kidneys [6,9]. SGLT1 is a high affinity/low-capacity protein expressed 
in the S3 segment of the renal proximal tubule and responsible for the 
reabsorption of 10 to 20 % of glucose not absorbed in the S1 and S2 
segments of the tubule [10–13]. In addition, SGLT1 is also expressed in 
the small intestine, heart, and brain [14–15]. It is located in the brush 
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border membrane of the small intestine, in cardiomyocytes of the heart 
and pyramidal and purkinje cells, blood–brain barrier, and endothelium 
of intracerebral capillaries [14–15]. SGLT2 inhibitors are well absorbed 
from the gastrointestinal tract. They have high plasma protein binding 
(PPB) with extensive tissue distribution (dapagliflozin 91 % PPB, 
empagliflozin 86 % PPB, ertugliflozin 93 % PPB and canagliflozin 99 % 
PPB [16]. SGLT2 inhibitors undergo biotransformation by UDP- 
glucuronosyltransferases (UGTs)-mediated glucuronidation with mini-
mal metabolism by cytochrome P450 and are excreted through urine 
[17–18]. SGLT2 inhibitors are administered as daily doses. The 
currently available doses include canagliflozin (100 mg & 300 mg), 
dapagliflozin (5 & 10 mg), empagliflozin (10 & 25 mg) and ertugliflozin 
(5 & 15 mg) [19–22]. 

SGLT2 inhibitors are among the latest FDA-approved anti-
hyperglycemic agents [1]. These are weak glucose-lowering agents that 
are either used as monotherapy or in combination with metformin, 
sulfonylurea, pioglitazone, or insulin and reduce the mean hemoglobin 
A1c (HbA1c) level between 0.4 and 1.1 % as compared to placebo 
[23–29]. A meta-analysis of 10 randomized controlled clinical trials [71] 
showed that SGLT2 inhibitors were associated with a lower occurrence 
of cardiovascular death or hypertensive heart failure (HHF) by 33 % in 
high-risk diabetic patients [30]. Multiple large-scale randomized 
controlled clinical trials, including CREDENCE (Effects of Canagliflozin 
on Renal & Cardiovascular Outcome in Participants with Diabetic Ne-
phropathy), SCORED (Sotagliflozin in Patients with Diabetic and 
Chronic Kidney Disease), CANVAS (Canagliflozin Cardiovascular 
Assessment Study), EMPA-REG OUTCOME(Empagliflozin Cardiovascu-
lar Outcome events trial in Type 2 Diabetes Mellitus patients), 
DECLARE-TIMI 58 (Dapagliflozin & Cardiovascular outcome in type 2 
Diabetes), VERTIS-CV (Cardiovascular outcome with Empagliflozin in 
type 2 Diabetes), SOLOIST-WHF (Sotagliflozin in patients with diabetes 
and recent worsening heart failure) evaluated the cardiovascular bene-
fits of SGLT2 inhibitor use in patients with diabetes mellitus and found 
significant reduction in cardiovascular death and heart failure in pa-
tients with SGLT2 inhibitors [31–37]. CKD trials, including CREDENCE 
and SCORED trials, are randomized controlled trials that evaluated the 
effects of SGLT2 inhibitors on primary kidney endpoints in diabetic 
patients [31]. CREDENCE trial showed a 30 % reduction in doubling of 
creatinine, end stage renal disease (ESRD), and death from renal disease 
in patients treated with canagliflozin [31]. Although historically used 
for the management of diabetes and diabetes-related complications, 
recently nondiabetic use of SGLT2 inhibitors has been emphasized. This 
study will review the available evidence for using SGLT2 inhibitors in 
nondiabetic patients. 

Methods 

A systematic review was conducted to assess the evidence for 
nondiabetic use of SGLT2 inhibitors. 

Eligibility criteria 

The eligibility criteria for inclusion included all randomized 
controlled trials (RCTs) looking at the nondiabetic use of SGLT2 in-
hibitors published in peer-reviewed journals between 2000 and 2024. 
Studies were excluded if they were (i) not randomized controlled trials, 
(ii) not related to nondiabetic use of SGLT2 inhibitors, (iii) animal 
studies, (iv) ongoing randomized controlled trials with no results, (v) 
genetic study or modeling study or bench work, (vi) laboratory-based 
studies & (vii) descriptive studies or systemic reviews or metanalysis. 

Search strategy and selection process 

Only relevant randomized controlled trials published in english be-
tween 2000 and 2024 with available full texts were included in the final 
review. We systematically searched articles included in PubMed (NLM), 

Medline (Ovid), and the Cochrane Library using a broad set of keywords 
and mesh terms to maximize sensitivity; the last search date was Jan 7th, 
2024. Concepts that made up the search term included – SGLT2 inhib-
itor, nondiabetic use, canagliflozin, empagliflozin, dapagliflozin, ertu-
gliflozin, CKD, and heart failure. Also, the bibliography of identified 
articles and Scopus (Elsevier) were searched for any additional studies 
not found through the initial search of the database. An auto-alert was 
also set up on Medline (Ovid) to notify users of related articles that 
matched the search term. Two authors independently reviewed all full- 
text articles and abstracts, and any discrepancies were resolved by 
consensus. Citation manager RefWorks (ProQuest, Ann Arbor, MI) was 
used to manage citations, including removing internal and external 
duplicates among the three databases. An MS Excel workbook was used 
to screen abstracts. Two authors independently appraised and extracted 
details from all eligible full-text articles and findings integrated into the 
descriptive summary table. 

Data gathering and risk of bias assessment 

Findings from selected studies included author, year of publication, 
country, study design, sample size and characteristics of participants, 
primary and secondary outcomes, duration of follow-up, intervention 
and comparison group, selection criteria, effect size, and conclusion. 
Methodologic quality was assessed using the Cochrane Collaboration 
risk of bias tool [38]. Quality control during the article searching process 
was accomplished by (i) a database search conducted by experienced 
authors, (ii) an independent search of all abstracts and titles by two 
authors, (iii) screeners were blinded to study author, (iv) independent 
review of all full-text articles by two authors, and (v) a high Cohen’s 
kappa coefficient for agreement between authors screening the 
abstracts. 

Outcomes 

The primary and secondary cardiovascular and metabolic outcomes 
included left ventricular end diastolic volume (LVEDV), left ventricular 
end systolic volume (LVESV), worsening heart failure (HF), hospitali-
zation for HF, change in cardiac function, cardiovascular death, varia-
tion in blood pressure,composite of cardiovascular and renal outcome, 
left ventricular mass, admission for HF, change in body weight, percent 
change in BMI, Hba1C, weight etc. Some of the renal outcome status 
variables included % change in 24 h proteinuria, change in eGFR, 
composite of renal function and cardiovascular function, death from 
renal disease, safety outcome etc. 

Results 

The primary objective of this study was to evaluate the nondiabetic 
use of SGLT2 inhibitors. The initial search retrieved 2867 articles. A 
total of 2811 articles were excluded based on the title and abstract re-
view. The process for literature search and inclusion of studies in the 
review is identified in Fig. 1. Fifty-six full-text articles were reviewed, of 
which 25 articles fulfilled all the inclusion and exclusion criteria and 
were included in the study. One additional study was identified through 
a bibliography search. A total of 26 randomized controlled trials 
involving 35,317 participants published in english between 2000 and 
2024 from the US and other countries were included in the study. The 
Cohen’s kappa of agreement between the two authors was 98 % 
(Cohen’s kappa for inter-rater reliability was κ = 0.96). The character-
istics of the 26 RCTs were included in Tables 1, 2 and 3. We also assessed 
the methodological quality and risk of bias using the Cochrane collab-
orative methodological quality assessment result of all included RCTs in 
the study. The RCTs for non diabetic use of SGLT2 inhibitors only 
compared the efficacy of dapagliflozin, empagliflozin and canagliflozin. 
To the best of our knowledge, no study looked at the non diabetic effi-
cacy of ertugliflozin. 
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Effect on Cardiovascular diseases 

Eleven RCTs comprising a combined cohort of 18,793 patients were 
included in the review (Table 1) [39–49]. The sample size for the trials 
ranged between 30 and 5988. The participants’ baseline characteristics 
included a median age of 34.1 to 71.8, predominantly male (only one 
study had 53.3 % female) [44]. Four trials had participants without 
diabetes [39,43–44,46]. Most trials had at least 50 % or more partici-
pants with diabetes. All the trials were double-blinded randomized 
placebo-controlled trials. Across the eleven studies, the SGLT2 inhibitors 
used included dapagliflozin in 5 studies and empagliflozin in 6 studies. 
Dapagliflozin and empagliflozin were administered at a dosage of 10 mg 
given once daily and compared with a control group receiving placebo. 
The median length of follow-up ranged between 12 weeks to 26.2 
months. Most trials had participants aged ≥ 18 years with NYHA Class II, 
III & IV HF with LV ejection fraction (LVEF) ranging between 40 and 50 
%. The study by Nassif et al. also had estimated GFR (eGFR) of ≥ 30 ml/ 
min/1.73 m2 body surface area as inclusion criteria [42]. Another study 
had urine albumin/creatinine ratio < 3.3 mg/mmol, normal urine 
dipstick, hematology, chemistry, and normal ultrasound [46]. Dayem 
et al. included participants with anterior ST elevation MI (STEMI) who 
underwent percutaneous coronary intervention (PCI) but with LVEF <
50 % [43]. A study by Diaz-Cruz et al. had study participants who were 
prediabetic, prehypertensive, non-smoker without hypertension, renal, 
cardiac, and thyroid diseases [44]. Intervention with empagliflozin was 
used in RCTs [39–40,45–46,48–55]. 

All studies showed significant reduction in left ventricular end- 
diastolic volume (LVEDV), left ventricular end-systolic volume 
(LVESV), left ventricular (LV) mass (P < 0.001); hazard ratio (HR) of 
0.78 (CI:0.64–0.97) for time to first event of cardiovascular death 
(CVD); HR for hospitalization for HF 0.75 (CI:0.65-0.086) & significant 
decrease in 24 hrs. systolic BP (SBP) and diastolic BP (DBP) 
[40,45–46,48]. All six studies concluded that in patients with heart 
failure with reduced ejection fraction (HFrEF), SGLT2 inhibitors reduce 
cardiovascular mortality and total hospital admission and help reduce 
blood pressure (BP) regardless of diabetic status. A study by Ibanez et al. 
showed a significant decrease in epicardial adipose tissue, interstitial 
myocardial fibrosis, and aortic stiffness in participants with empagli-
flozin compared to placebo [48]. Intervention with dapagliflozin was 
used in 5 RCTs [47,41–44]. The RCTs showed a hazard ratio for wors-
ening HF 0.74 (CI:0.65–0.85); clinically meaningful improvement of ≥ 5 
points in HF disease-specific health status; significant reduction in NT- 
proBNP (P = 0.003), and reduction in LV mass (P = 0.002) [41–42]. 
Dayem et al. concluded that dapagliflozin significantly prevents LV 
dysfunction and maintains cardiac function post anterior STEMI [43]. 
Trials with dapagliflozin concluded that the risk of worsening HF or CVD 
was considerably lower among those who received dapagliflozin 
compared to those who received a placebo, irrespective of diabetic 
status [47,41–44]. 

Fig. 1. PRISMA Flow Diagram.  
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Table 1 
SGLT2 inhibitor trials looking at the efficacy of SGLT2 inhibitors on cardiovascular outcomes in patients without diabetes.  

Author, year, 
country 

N, 
Median 
age, F 
(%), DM 
(%) 

Type of Study Selection criteria Treatment 
group 

Comparison 
group 

Median 
follow- 
up 

Primary outcome Secondary 
outcome 

Effect size Study conclusion 

Gallego et al., 2021, 
Canada [39] 

84, 62, 
36 %, 
DM (0 
%) 

EMPA-TROPISM 
trial— Randomized 
double-blind 
placebo- controlled 
trial 

Adult age > 18 with 
NYHA class II and 
III HF with LVEF <
50 % with stable s/s 
and medical 
treatment within 3 
months 

Empagliflozin 
(10 mg/day) 

Placebo 6 
months 

Left ventricular end 
diastolic volume 
(LVEDV)and left 
ventricular end 
systolic volume 
(LVESV) 

Left ventricular 
mass, left 
ventricular 
ejection fraction, 
quality of life, 
peak oxygen 
consumption 

Significant 
reduction in LVEDV 
(-25.1 ± 260 ml) vs 
(-1.5 ± 254 ml) (p 
< 0.001); LVESV 
(-26.6 ± 20.5) vs 
(-0.5 ± 21.9) (p <
0.001); Reduction of 
LV mass (p < 0.001); 
improvement of LV 
ejection fraction (p 
< 0.001); 
improvement of 
peak O2 
consumption and 
quality of life 

Role of SGLT2 inhibitor in 
treatment of heart failure with 
reduced ejection fraction 
independent of glycemic status 

Anker et al., 2020, 
Germany [40] 

1874, 
67.6, 
24.8 %, 
DM (50 
%) 

Randomized 
double-blind 
parallel group 
placebo-controlled 
event driven trial 

Adult age ≥ 18 
years with NYHA 
class II, III and IV 
HF with LVEF of ≤
40 % 

Empagliflozin 
(10 mg/day) 

Placebo 16 
months 

Cardiovascular death, 
hospitalization for HF, 
total hospitalization 
for HF, adverse renal 
outcome 

Time for 
cardiovascular 
death; time for 
first renal 
composite 
outcome 

The hazard ratio for 
time to first event of 
cardiovascular 
death 0.78 (0.64 – 
0.97). Hazard ratio 
for first and 
recurrent 
hypertensive HF 
0.76 (0.57 – 1.01) 
Time to 
cardiovascular 
death 0.92 (0.68 – 
1.24) 

Empagliflozin decreased the risk 
of primary outcome and total 
hospitalization for HF by 25–30 
% and decreased the rate of 
decline of eGFR and risk of 
adverse effect by 50 % 

McMurray et al., 
2019, UK [41] 

4744, 
66.2, 
23.8 %, 
DM (55 
%) 

DAPA-HF— 
Randomized 
double-blinded, 
placebo-controlled 
clinical trialPhase 3 

Patients with NYHA 
class II, III and 
IVLVEF of ≤ 40 % 

Dapagliflozin 
(10 mg/day) 

Placebo 24 
months 

Worsening heart 
failure (hospitalization 
or urgent visit 
resulting in 
intravenous treatment 
for HF Cardiovascular 
death 

Composite of 
hospitalization for 
HF or 
cardiovascular 
death.Total 
number of 
hospitalizations 
for HF and 
cardiovascular 
deaths 

HR for primary 
outcome in 
treatment group 
compared to placebo 
is 0.74 (0.65–0.85) 
Worsening HF in 10 
% of Dapagliflozin 
vs 13.7 % of placebo 
with HR of 0.70 
(0.59–0.83)HR of 
death from CVD is 
0.82 (0.69–0.98) 
Similar finding 
similar in patient 
with and without 
diabetes 

Among patients with HF with 
reduced EF, the risk of 
worsening HF or death from 
cardiovascular disease was 
lower among those who 
received Dapagliflozin 
compared to those who received 
placebo irrespective of diabetes. 

Nassif et al., 2019, 
US [42] 

263, 
62.2, 
27.5 %, 
DM 
61.8 %) 

DEFINE- 
HF—Randomized 
double-blinded, 
placebo-controlled 
linical trial 

HF with NYHA 
class II & III LVEF of 
≤ 40 %eGFR ≥ 30 
ml/min/1.73 m2 

Dapagliflozin 
(10 mg/day) 

Placebo 12 
weeks 

Mean NT- 
proBNPProportion of 
patients with ≥ 5 
points increase in HF 
specific health status 

Proportion of 
patients with 
meaningful 
change in KCCQ, 

Patients treated with 
Dapagliflozin had a 
clinically 
meaningful 
improvement of ≥ 5 

Addition of Dapagliflozin for 12 
weeks did not affect mean NT- 
proBNP but significant 
increased proportion of patients 
experienced clinically 

(continued on next page) 
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Table 1 (continued ) 

Author, year, 
country 

N, 
Median 
age, F 
(%), DM 
(%) 

Type of Study Selection criteria Treatment 
group 

Comparison 
group 

Median 
follow- 
up 

Primary outcome Secondary 
outcome 

Effect size Study conclusion 

on the Kansas City 
Cardiomyopathy 
Questionnaire (KCCQ) 
overall summary score 
or a ≥ 20 % decrease in 
NT-proBNP 

mean BNP, change 
in SBP and HbA1c 

points in KCCQ or at 
least a 20 % 
reduction in NT- 
proBNP compared to 
placebo (p = 0.003) 
Similar results seen 
in patients with or 
without diabetes 

meaningful improvement in HF 
disease specific health status and 
natriuretic peptide 

Dayem et al., 2023, 
Egypt [43] 

100, 
55.24, 
16 %, 
DM (0 
%) 

DACAMI 
trial—Double 
blinded 
randomized 
controlled trial 

Patients with 
anterior ST 
elevation MI 
(STEMI) patient 
who underwent PCI 
with LVEF < 50 % 

Dapagliflozin 
(10 mg/day) 

Placebo 12 
weeks 

Change in cardiac 
function determined 
by measure of cardiac 
function change 
between baseline and 
12 weeks post cardiac 
event and echo 
parameter (LVEF, 
LVEDV, LV mass) at 
baseline four weeks 
and 12 weeks post 
event 

Not reported Mean drop in NT 
ProBNP in treatment 
group compared to 
control group is 
10.17 % (p = 0.03) 
Decrease left 
ventricular mass by 
11.46 % (p = 0.02) 

Dapagliflozin plays a role in 
prevention of left ventricular 
dysfunction and maintain 
cardiac function post ant STEMI 

Diaz-Cruz et al., 
2020, Mexico [44] 

30, 50, 
53.3 %, 
DM (0 
%) 

Double blinded 
placebo-controlled 
linical trial 

Patients with pre- 
diabetes and 
prehypertension 
and were sedentary 
with the no 
diabetes, 
hypertension, 
renal, cardiac, 
thyroid disease 

Dapagliflozin 
(10 mg/day) 

Placebo 12 
weeks 

Variability in blood 
pressure 

Not reported Significant decrease 
in 24-hour SBP (p =
0.04) and nighttime 
SBP (p = 0.01) and 
deep circadian 
blood pressure 
pattern (p = 0.04) 

3 months use of Dapagliflozin 
decreased blood pressure by 
lowering 24 h SBP, nighttime 
SBP, mean arterial pressure, 
nocturnal 
hypertensionCervicovaginal 
infection and UTI did not affect 
adherence to treatment 

Packer et al., 2020, 
US [45] 

3730, 
67.2, 
23.5 %, 
DM 
(49.8 %) 

Double blinded 
parallel group 
placebo-controlled 
event driven trial 

Patients with NYHA 
class II, III and IV 
HF with LVEF of ≤
40 % 

Empagliflozin 
(10 mg/day) 

Placebo 16 
months 

Composite of 
cardiovascular deaths 
or hospitalization for 
worsening HF 

Total number of 
hospitalization 
due to HF 

HR for CVD or 
hospitalization for 
HF is 0.75 
(0.65–0.86) (p <
0.001)Decrease in 
total number of 
hospitalizations for 
HF in treatment 
group is 0.70 
(0.58–0.85) (p <
0.001) 

Empagliflozin decreased risk of 
cardiovascular or 
hospitalization for HF 
irrespective of diabetes 

Zanchi et al., 2020, 
Switzerland [46] 

40, 
34.1, 40 
%, DM 
(0 %) 

Double-blind, 
randomized 
placebo-controlled 
trial 

Adult 18–50 years 
of age with HbA1c 
< 6.5 %, urine 
albumin-creatinine 
ratio < 3.3 mg/ 
mmol. Normal 
urine dipstick, 
hematology, 
chemistry and 
normal ultrasound 

Empagliflozin 
(10 mg/day) 

Placebo 1 month Acute and chronic 
effect on renal tissue 
oxygenation 

Effect on body 
weight, blood 
pressure, renal 
tubular function, 
hematocrit 

No acute or 
sustained changes 
were found in renal 
cortical or 
medullary tissue 
oxygenation 24- 
hour SBP and DBP 
decreased 
significantly after 1 
month of 

Empagliflozin has effect on 
blood pressure reduction 

(continued on next page) 
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Table 1 (continued ) 

Author, year, 
country 

N, 
Median 
age, F 
(%), DM 
(%) 

Type of Study Selection criteria Treatment 
group 

Comparison 
group 

Median 
follow- 
up 

Primary outcome Secondary 
outcome 

Effect size Study conclusion 

Empagliflozin 
therapy 

Petrie et al., 2020, 
UK [47] 

4744, 
66, 23 
%, DM 
(55 %) 

Double-blind, 
randomized 
placebo-controlled 
trial 

Adult 18–85 years 
with NYHA class II 
and II HF with 
LVEF < 50 % 

Dapagliflozin 
(10 mg/day) 

Placebo 24 
months 

Composite of first 
episode of worsening 
HF or cardiovascular 
death 

Hospital 
admission for 
worsening HF or 
CVDTotal number 
of hospital 
admission for HF 
and 
cardiovascular 
death 

Significant 
reduction of risk of 
primary composite 
outcome of first 
episode of 
worsening HF in 
nondiabetics (HR of 
0.73; p = 0.002) 

Dapagliflozin was effective in 
reducing cardiovascular 
mortality and morbidity in 
patients with HF and reduced EF 

Ibanez et al., 2021, 
US [48] 

84, 62, 
36 %, 
DM (0 
%) 

EMPA-TROPISM- 
Double-blind, 
randomized 
placebo-controlled 
trial 

Adult aged 18–85 
years with NYHA 
class II and IIIHF 
with LVEF < 50 % 

Empagliflozin 
(10 mg/day) 

Placebo 6 
months 

Effect of SGLT2 in 
nondiabetic patient 
with HFrEFInterstitial 
myocardial 
fibrosisAortic 
stenosisEpicardial 
adipose tissue 

Not reported Significant 
reduction in 
epicardial adipose 
tissue (p < 0.05), 
decreased 
interstitial 
myocardial fibrosis 
(p < 0.01) and 
significant reduction 
in aortic stiffness (p 
< 0.01) Significant 
reduction in 
inflammatory 
biomarker 

Empagliflozin significantly 
improved adiposity, interstitial 
myocardial fibrosis, aortic 
stiffness and inflammatory 
markers in nondiabetic patient 
with HFrEF 

Anker et al., 2021, 
Germany [49] 

5988, 
71.8, 
44.6 %,  
DM (49 
%) 

EMPEROR- 
Preserved-  

Randomized 
double blind 
parallel group 
placebo-controlled 
event driven trial 

Adult ≥ 18 years 
with HF with class 
II to IV with LVEF 
of > 40 % 

Empagliflozin 
(10 mg/day) 

Placebo 26.2 
months 

Composite of 
cardiovascular death 
or hospitalization due 
to HF 

Adjudicated 
hospitalization for 
HF  

Rate of decline in 
eGFR 

The hazard of 
primary outcome 
(hospitalization for 
HF) was lower in 
Empagliflozin group 
HR 0.79 (p < 0.001) 
and the effect 
appeared consistent 
in patients with or 
without diabetes 

Empagliflozin reduced the risk 
of cardiovascular deaths or 
hospitalization for HF in 
patients with LVEF of 40 % 
regardless of presence or 
absence of diabetes 

HF – heart failure, LVEF – left ventricular ejection fraction, HR – hazards ratio, SBP – systolic blood pressure, DBP – diastolic blood pressure, BNP – brain natriuretic peptide, HFrEF – heart failure with reduced ejection 
fraction, PCI – percutaneous intervention, STEMI – ST elevation MI, eGFR – estimated GFR. 
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Table 2 
SGLT2 inhibitor trials looking at the efficacy of SGLT2 inhibitors on metabolic outcome in patients without diabetes.  

Author, year, 
country 

N, 
Median 
age, 
Female 
(%), DM 
(%) 

Type of study Selection 
criteria 

Treatment group Comparison 
group 

Median 
follow- 
up 

Primary outcome Secondary outcome Effect size Study conclusion 

Bays et al., 2013, US  
[56] 

376, 
44.8, 
88 %, 
DM (0 
%) 

Intent to 
treatRandomized 
double blind 
placebo- controlled 
trial 

Adult aged 
18–65 years 
with BMI 
between ≥ 30 
and < 50 kg/ 
m2 or with 
wither lower 
BMI in 
presence of 
hypertension 

Canagliflozin (50 
mg,100mgor300mgoncedaily) 

Placebo 12 
weeks 

% change in body 
weight from baseline 
to week 12 

Absolute change in 
body weight% 
change in body 
weightChange in 
BMI 

Canagliflozin 
increase urinary 
glucose excretion in a 
dose dependent 
manner and results in 
statistically 
reduction in body 
weight compared to 
placebo.Least square 
mean percent 
changes from 
baseline of − 2.2 %, 
− 2.9 %, 2.7 % and 
1.3 % at doses of 50, 
100, 300 mg and 
placebo (p < 0.05) 

In overweight and 
obese subjects 
without diabetes, 
Canagliflozin 
significantly 
reduce body 
weight compared 
to placebo 

Hollander et al., 
2017, ermany [57] 

334, 
45.7, 
81.7 %, 
DM (0 
%) 

Randomized control 
double-blind 
parallel group 
placebo-controlled 
multicenter 
parallel-group trial 

Overweight 
and obese 
adults aged 
18–65 years 
without type 2 
diabetes who 
had BMI ≥ 30 
and < 50 kg/ 
m2 or had BMI 
≥ 27 and < 50 
with 
comorbidities 
like HTN and/ 
or dyslipidemia 
without 
diabetes 

Canagliflozin (300 mg/day) Or 
Phentermine OrCanagliflozin 
+ Phentermine 

Placebo 26 
weeks 

% change in body 
weight from baseline 
to week 26 

Proportion of 
individual achieving 
weight loss ≥ 5 % 
and change from 
baseline in SBP 

Statistically superior 
weight loss from 
baseline for 
Canagliflozin/ 
Phentermine 
compared to placebo 
at 26 weeks (mean 
difference − 6.9 % 
with p <
0.001Statistically 
significant 
achievement of 
weight loss ≥ 5 % 
and reduction of SBP 
for Canagliflozin/ 
Phentermine 

Canagliflozin/ 
Phentermine 
produced 
meaningful 
reduction in 
bodyweight and 
well tolerated in 
overweight/obese 
individuals with 
type II diabetes 

Lundkvist et al., 
2016, Sweden [58] 

50, 52, 
61 %, 
DM (0 
%) 

Double blinded 
randomized 
controlled trial 

Obese man and 
woman aged 
15–70 years 
without 
diabetes, 
hypertension, 
and BMI of 
30–45 kg/m2 

Dapagliflozin (10 mg/day) +
subcutaneous long acting 
exenatide 2 mg once daily 

Placebo 24 
weeks 

Change in body 
weight from baseline 
to 24 weeks 

Percent change in 
body weight from 
baseline. Efficacy on 
SBP, waist hip ratio, 
glycemic measures 

The difference of 
body weight change 
was − 4.13 kg (p <
0.001) attributable 
to adipose tissue 
reduction 36 % vs 
4.2 % of participants 
achieved ≥ 5 % body 
weight loss 

Dual treatment 
with 
Dapagliflozin/ 
exenatide dual 
therapy reduced 
body weight, 
frequency of 
prediabetes and 
SBP over 24 
weeksWell 
tolerated with 
minimal side 
effects 

Gonzalez-Ortiz et al., 
2017, exico [59] 

26, 45, 
84.6 %, 
DM (0 
%) 

Randomized 
double-blinded, 
placebo-controlled 
clinical trial 

Overweight 
subjects with 
BMI of 25–29.9 

Dapagliflozin (10 mg/day) Placebo 12 
weeks 

Change in body 
weight at 12 weeks 

Renal composite 
outcomeDeath from 
any 

Significant 
improvement of 
weight, BMI, fat 
mass, SBP, visceral 

Dapagliflozin has 
significant effect 
on reduction in 
body weight, 

(continued on next page) 
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Table 2 (continued ) 

Author, year, 
country 

N, 
Median 
age, 
Female 
(%), DM 
(%) 

Type of study Selection 
criteria 

Treatment group Comparison 
group 

Median 
follow- 
up 

Primary outcome Secondary outcome Effect size Study conclusion 

kg/m2 without 
hypertension 

causeHospitalization 
for HF 

adiposity.No 
significant effect on 
DBP, glucose 
changes 

visceral adiposity, 
BMI and SBP in 
overweight 
subjects 

Neeland et al., 2020, 
US [60] 

35, 53, 
62.9 %, 
DM (0 
%) 

Randomized double 
blind placebo- 
controlled trial 

Age ≥ 18 years, 
obese, BMI ≥
30, 
nondiabetic, 
able to undergo 
neck to knee 
MRI scan for 
body fat 
assessment 

Empagliflozin (10 mg/day) Placebo 3 
months 

Change in body 
weightDecrease in 
HbA1cGlycerol 
derived 
gluconeogenesis 

Fasting blood 
glucose, serum 
insulin level, TG, 
plasma free glycerol, 
adiponectin, alanine 
aminotransferase, 
norepinephrine 

6.5 % increase (p =
0.005) increase in 
area under curve for 
glycerol-derived 13C 
enrichment in 
treatment group 

Empagliflozin 
reduced 
endogenous 
glycerol- 
gluconeogenesis 
in obese adults 
without diabetes. 
SGLT2 inhibitors 
may prevent type 
2 diabetes in 
obesity 

Ramirez-Rodriguez 
et al., 2020, 
Mexico [50] 

24, 
46.7, 
70.83 
%, DM 
(0 %) 

Randomized double 
blinded placebo- 
controlled clinical 
trial 

Subjects with 
prediabetes 

Dapagliflozin (10 mg/day) Placebo 3 
months 

Change in body 
weight, BMI, waist 
circumference, 
fasting glucose 

Change in uric acid 
level 

Significant decrease 
in body weight (p =
0.01), BMI (p =
0.023), waist 
circumference (p =
0.003), fasting blood 
sugar (p < 0.001) 
and uric acid (p =
0.03) 

Dapagliflozin in 
patients with 
prediabetes 
significantly 
decreased body 
weight, BMI, 
waist 
circumference, 
fasting blood 
sugar, uric acid 
and increase 
insulin sensitivity 

Ryan et al., 020, US  
[51] 

50, 35, 
76 %, 
DM (0 
%) 

Randomized double 
blinded placebo- 
controlled clinical 
trial 

Adults of age 
18–65 years 
with BMI >
27.5 kg/m2 

sedentary, with 
no known 
metabolic 
disease 

Dapagliflozin (5 mg/day) for 
first 14 days and then increased 
to Dapagliflozin (10 mg/day) 
for rest of the study period 

Placebo 12 
weeks 

Fat free massRise in 
HDL cholesterol 

Dietary preference, 
hunger, appetite 

Dapagliflozin 
combined with 
dietary counselling 
resulted in 
significant reduction 
in fat free mass (p =
0.04) and attenuated 
the rise in HDL 
cholesterol (p =
0.028) 

Careful 
consideration of 
decrease in fat 
free mass is 
indicatedLonger 
duration of SGLT2 
inhibitors evoked 
measurable 
effects on dietary 
preference, 
hunger and 
appetite 

Elkind- Hirsch et al., 
2021, US [52] 

92, 28, 
100 %, 
DM (0 
%) 

Randomized single 
blind trial 

Subjects with 
BMI of 30–45 
kg/m2 and 
PCOS 

Exenatide (EQW) (2mgweekly) 
Dapagliflozin (DAPA (10 mg/ 
day)Exenatide plus 
DapagliflozinDapagliflozin 
plus metforminPhentermine 
topiramate (PHEN/TPM) 

– 24 
weeks 

OGTTFasting 
insulinWeightBlood 
pressureWaist 
circumferenceBody 
composition 

Not reported Significant difference 
among the five 
different treatment 
groups for mean 
blood glucose (p <
0.02), BMI (p <
0.005), waist 
circumference (p <
0.035), fasting blood 
glucose (p < 0.0001) 
and OGTT (p <

Dual treatment 
with EQW/DAPA 
was superior to 
either DAPA 
alone, DAPA/ 
metformin and 
PHEN/TPM in 
terms of clinical 
and metabolic 
benefits 

(continued on next page) 
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Table 2 (continued ) 

Author, year, 
country 

N, 
Median 
age, 
Female 
(%), DM 
(%) 

Type of study Selection 
criteria 

Treatment group Comparison 
group 

Median 
follow- 
up 

Primary outcome Secondary outcome Effect size Study conclusion 

0.0001)Dual 
treatment with 
EQW/DAPA was 
superior to either 
DAPA alone, DAPA/ 
metformin and 
PHEN/TPM 

Faerch et al., 2020, 
Denmark [53] 

112, 
57.2, 
55.83 
%, DM 
(0 %) 

PRE-D 
trial—Randomized 
controlled parallel 
multicenter open- 
label non blinded 
study 

Overweight 
subjects with 
BMI ≥ 25 kg/ 
m2 and 
prediabetes 

Dapagliflozin (10 mg/day) 
Metformin (1700mgdaily) 
Interval-based exercise 

Placebo 26 
weeks 

Change in the mean 
amplitude of 
glycemic excursions 
(MAGE), measure of 
glycemic variability 
between baseline and 
13 weeks 

Change from 
baseline to mid-point 
of treatment, end of 
treatment and follow 
up for MAGE, fasting 
plasma glucose, 
fasting serum insulin, 
body weight, waist 
hip ratio, blood 
lipids, OGTT 

Compared to control 
group, there was a 
small difference in 
MAGE in 
Dapagliflozin group 
(p = 0.04) and a 
small non-significant 
reduction in exercise 
group (p = 0.067) 
and unchanged in 
Metformin. 

Treatment with 
Dapagliflozin and 
interval-based 
exercise lead to 
similar but small 
improvements in 
glycemic 
variability 
compared to 
control and 
metformin 
therapy 

Kullmann et al., 
2022, Germany  
[54] 

40, 
62.5, 
60 %, 
DM (0 
%) 

Double-blind, 
randomized 
placebo-controlled 
trial 

Adult aged 
30–75 years 
with BMI ≥ 25 
and < 40 kg/ 
m2 and 
impaired 
fasting glucose 

Empagliflozin (25 mg/day) Placebo 8 weeks Insulin 
responsiveness of 
brain 

Fasting plasma 
glucose, total adipose 
tissue content, liver 
fat content 

Empagliflozin 
increased 
hypothalamic insulin 
responsivity and 
decrease in fasting 
blood glucose and 
liver fat 

Empagliflozin 
may reverse brain 
insulin resistance 
with potential 
benefits for 
adiposity 

Veelen et al., 2022, 
Netherlands [55] 

14, 
42.85, 
66.3 %, 
DM (0 
%) 

Randomized double 
blind placebo- 
controlled crossover 
trial 

Adult 40–75 
years with BMI 
27 to 38 with 
prediabetes 
and sedentary 
lifestyle 

Dapagliflozin (10 mg/day) Placebo 2 weeks Body weight, HbA1c, 
SBP, DBP, 24-hour 
urinary glucose 
excretion, 24-hour 
energy expenditure, 
energy metabolism 
during daytime and 
night-time 

Hepatic and skeletal 
muscle glycogen, 
mitochondrial 
oxidative 
metabolism, hepatic 
lipid content 

Compared to 
placebo, 
Dapagliflozin had 
higher 24-hour 
urinary glucose 
excretion (p <
0.0001), daytime 
respiratory exchange 
ratio (p = 0.046), 
nighttime respiratory 
exchange ratio (p =
0.019), higher 
maximal 
mitochondrial 
oxidative capacity (p 
= 0.007) and lowers 
SBP (p = 0.025), DBP 
(p = 0.023).No 
difference for 
skeletal muscle 
glycogen, fasting 
plasma glucose, free 
fatty acid, and food 
preference 

Dapagliflozin 
treatment of 
prediabetic 
insulin resistant 
individuals for 14 
days resulted in 
significant 
metabolic 
adaptations, 
skeletal muscle 
metabolism, 
improved fat 
oxidation and 
mitochondrial 
oxidative 
capacity. 

BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure. 
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Effect on Metabolic outcome 

Eleven RCTs consisting of a cohort of 1153 participants were 
included in the review of the metabolic effect of SGLT2 inhibitors 
(Table 2) [56–60]. The sample size for the experimental trials ranged 
between 14 and 376. The baseline characteristics of the participants 
included a mean age range of 28 to 66.3 with female predominance. A 
study by Elkind et al. had all female participants [52]. All participants 
were nondiabetic; however, some trials had prediabetic participants 
which might result in bias in the study generalization [50,53–54]. 
Among the eleven RCTs, nine trials were randomized double-blinded 
placebo-controlled trials. One of the trials was randomized single- 
blinded (Elkind et al.), and another was an open-labeled non-blinded 
trial [52,53]. Dapagliflozin, canagliflozin, and empagliflozin were the 
SGLT2 inhibitors used in 7, 2, and 2 studies, respectively. Canagliflozin 
was used at doses of 50 mg, 100 mg, and 300 mg; dapagliflozin 10 mg 
and empagliflozin 10 mg were given once daily and compared with a 
control group receiving placebo. 

The Elkind et al. trial had study participants assigned to one of five 
investigation groups: once weekly exenatide (EQW) 2 mg, dapagliflozin 
10 mg, co-administered EQW/Dapagliflozin (2 mg/10 mg daily, com-
bined dapagliflozin/metformin (10 mg/2000 mg), and phentermine- 
topiramate extended-release (PHEN/TPM) (7.5 mg/46 mg) [52]. Some 
of the RCTs included participants aged ≥18 years with BMI ≥30 and 
<50 or lower BMI with comorbidities [51,60,56–58]. One study 
included subjects with a BMI between 30 and 45 Kg/m2 with polycystic 
ovarian syndrome (PCOS) [52]. Two trials included overweight subjects 
with BMI ≥ 25 [53,59]. Faerch et al. showed that dapagliflozin had a 
small significant improvement (p = 0.04) in glycemic variability 
compared to metformin [53]. The other two studies included adults aged 
30 to 75 with a BMI of 25 to 40 [54–55]. The major primary outcome 
was a percent change in body weight. Other outcomes included changes 
in HbA1c, BMI, waist circumference, fasting glucose, body composition, 
and insulin resistance. Median follow-up was between 2 weeks to 26 
weeks. A trial with canagliflozin identified statistically significant 
weight loss from baseline (P < 0.001), and dose-dependent increased 
urinary glucose with a conclusion that canagliflozin produced mean-
ingful weight loss in overweight or obese individuals without type 2 DM. 
Trials with dapagliflozin showed a significant reduction in body weight 
(P < 0.001), fat-free mass (P = 0.04), oral glucose tolerance test (OGTT) 
(P < 0.0001), BMI (P = 0.019), waist circumference (P = 0.003), fasting 
blood sugar (P < 0.001) and uric acid (P = 0.02). There was a significant 
increase in urinary glucose excretion (p < 0.0001), and an improvement 
in systolic BP and visceral adiposity. No significant effect in diastolic BP 
was seen. Elkind et al. also reported that dual treatment with EQW/ 
Dapagliflozin was superior to either dapagliflozin alone or dapagliflozin 
combination with metformin in reducing OGTT or improving fasting 
insulin [52]. 

Studies with dapagliflozin concluded that this drug, either as mon-
otherapy or combination therapy, caused a significant reduction of body 
weight, waist circumference, glucose tolerance test, fasting blood sugar, 
and uric acid. In addition, longer duration of SGLT2 inhibitors were 
found to evoke measurable effects on dietary preference, hunger, and 
appetite [51]. Trials with intervention with empagliflozin concluded 
that empagliflozin reduced endogenous glycerol gluconeogenesis in 
obese adults without DM. Neeland et al. commented on the possible role 
of SGLT2 inhibitors in preventing T2DM in obese individuals [60]. Also, 
empagliflozin may reverse brain insulin resistance with potential ben-
efits for adiposity and whole-body metabolism [54]. 

Effect on Chronic Kidney Disease (CKD) 

Four RCTs looked at the role of SGLT2 inhibitors on CKD in a cohort 
of 17,228 participants (Table 3) [61–65]. The baseline characteristics of 
the participants included a mean age ranging between 51 and 72 years 
and male predominance. Among the four studies, the DIAMOND trial 

was done on nondiabetic participants [61]. EMPA-KIDNEY, DAPA-CKD, 
and DELIVER trials included 46.2 %, 67.6 %, and 45 % diabetic popu-
lation [62–63,65]. All four trials were randomized double-blinded pla-
cebo-controlled clinical trials. Three trials had dapagliflozin as an 
intervention, and the fourth trial studied empagliflozin. The median 
duration of follow-up ranged between 18 weeks to 2.4 years. The DIA-
MOND trial included nondiabetic participants aged 18 to 75 with CKD 
with urine protein excretion > 500 to 3500 mg/gm with eGFR of 25 ml/ 
min/1.73 m2 body surface area. Dapagliflozin showed no significant 
effect on the primary outcome of percentage change in 24 hrs protein-
uria, but there was a significant change in measured GFR (P < 0.0001). 
The EMPA-KIDNEY trial done on patients with CKD with eGFR of at least 
20 to < 45 ml/min/1.73 m2 body surface area showed that empagli-
flozin reduced the progression of kidney disease or death with an HR of 
0.86 (P = 0.003) [63]. The DAPA-CKD trial showed a significant 
reduction of a composite of sustained decline in eGFR of at least 50 %, 
ESRD, or death from renal cause with ann HR 0.56 (P < 0.0001) [62]. 
The DELIVER trial by Solomon et al. and post-analysis by Causland et al. 
included adults 40 years or older with left ventricular ejection fraction 
(LVEF) ≥ 40 % with evidence of structural heart disease [64–65]. This 
trial showed a slowed long-term decline in eGFR in dapagliflozin vs. 
placebo with no reduction in frequency of kidney composite outcome. 
Among the four trials, three concluded that dapagliflozin or empagli-
flozin reduced the hazard of progression of kidney disease irrespective of 
diabetic status. Heerspink et al. also reported that SGLT2 inhibitors were 
the most effective drug to prevent CKD progression since the discovery 
of RAS inhibitors [62]. Causland et al. concluded that dapagliflozin did 
not significantly reduce the frequency of kidney composite outcomes 
[64]. 

Effect of SGLT2 inhibitors in IgA nephropathy 

Most SGLT2 inhibitor trials did not primarily explore its effect on 
patients with glomerulonephritis. However, some of these trials 
included a large number of patients with glomerulonephritis as a cause 
of CKD. In the DAPA-CKD trial, around 270 patients had IgA nephrop-
athy, and it was observed that dapagliflozin significantly reduced the 
risk of CKD progression as well as reduced the urine albumin-to- 
creatinine ratio [62]. A combined result from EMPA-KIDNEY & DAPA- 
CKD showed a 51 % reduction in the risk of CKD progression in IgA 
nephropathy [66]. 

Risk of bias assessment of included trials 

The Cochrane risk of bias assessment tool was used to determine the 
risk of bias for the trials included. The risk of bias for trials is differen-
tiated as low risk of bias, uncertain risk of bias, or high risk of bias. The 
individual breakdown of risk of bias was summarized in Fig. 2. Most of 
the studies were assessed to have a low risk of selection bias, sampling 
bias, reporting bias, and other biases. Few of the studies had an uncer-
tain risk of bias. Two studies had potential attrition bias with high 
dropout rates (31 % in the Hollander et al. study and 25 % in Bays et al. 
study) [56–57]. 

Discussion 

In this systemic review, SGLT2 inhibitors, including empagliflozin, 
dapagliflozin, and canagliflozin, demonstrated a significant reduction in 
LVEDV, LVESV, LV mass, decreased risk of CVD, hospitalization for 
heart failure (HF) and blood pressure reduction irrespective of diabetic 
status. Also, there is a significant reduction in epicardial adipose tissue, 
interstitial myocardial fibrosis, and aortic root stiffness. In addition, 
treatment with SGLT2 inhibitors was associated with a substantial 
reduction of weight, fat-free mass, endogenous glycerol gluconeogen-
esis, BMI, improvement of SBP and visceral adiposity, and reduction of 
brain insulin resistance in overweight or obese individuals without 
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Table 3 
SGLT2 inhibitor trials looking at the efficacy of SGLT2 inhibitors on renal outcome in patients without diabetes.  

Author, year, 
country 

N, 
Median 
age, F 
(%), DM 
(%) 

Type of study Selection criteria Treatment 
group 

Comparison 
group 

Median 
follow- 
up 

Primary outcome Secondary outcome Effect size Study conclusion 

Cherney et al., 
2020, 
Canada  
[61] 

53, 51, 
32 %, DM 
(0 %) 

DIAMOND 
trial—Randomized double 
blind placebo- controlled 
crossover trial done at six 
hospitals in Canada, 
Malaysia, and Netherlands 

Adult 18–75 years with 
CKD without diagnosis 
of DM and 24-hour 
urine protein excretion 
(>500 mg to ≤ 3500) 
with eGFR of 25 ml/ 
min/1.73 m2 and were 
on stable ACEI 

Dapagliflozin 
(10 mg/day) 

Placebo 18 
weeks 

% change in baseline 24- 
hour proteinuria during 
Dapagliflozin treatment 
relative to placebo 

Changes in measured 
GFR, bodyweight, 
blood pressure, 
concentration of 
neurohormonal 
biomarker 

Mean proteinuria change 
between treatment and 
placebo 0.9 % (p = 0.93), 
mGFR change − 6.6 ml/min/ 
1.73 m2 (P= <0.0001). 
Reduction in body weight 
1.5 kg (p = 0.046) 

6 weeks treatment did 
not affect proteinuria in 
CKD patient without 
DM. Acute and 
reversible decline in 
mGFR and reduction in 
body weight 

Heerspink et 
al, 2020, 
Netherlands 
[62] 

4304, 
61.9, 33 
%, DM 
(67.6 %) 

DAPA-CKD trial— 
Randomized double-blind 
placebo controlled 
multicenter clinical trial 

Patient with estimated 
GFR of 25 to 75 ml/ 
min/1.73 m2 and 
urinary albumin 
creatinine ratio of 200 
to 5000 in both 
diabetic and 
nondiabetic 

Dapagliflozin 
(10 mg/day) 

Placebo 2.4 
years 

Composite of sustained 
decline in eGFR of at least 
50 %, ESRD or death from 
renal or cardiac disease 

Composite 
cardiovascular 
outcome defined as 
hospitalization for HF 
or death from 
cardiovascular disease. 
Death from other cause 

The hazard ratio for 
composite of sustained 
decline in eGFR of at least 50 
%, ESRD or death from renal 
cause was 0.56 (P < 0.0001) 

The effect of 
Dapagliflozin were 
similar in participants 
with or without 
diabetes. Most effective 
class of drug to prevent 
CKD progression since 
discovery of RAS 
inhibitor 

Herrington et 
al, 2022, UK 
[63] 

6609, 
63.9, 
33.2 %, 
DM 
(46.2 %) 

EMPA- KIDNEY 
trial—International 
randomized parallel group 
double-blind, placebo- 
controlled clinical trial 

Patient with CKD with 
eGFR of at least 20 but 
< 45 ml/min/1.73 m2 

or eGFR of at least 45 
but less than 90 ml/min 
with urine albumin 
creatinine ratio of at 
least 200 

Empagliflozin 
(10 mg/day) 

Placebo 2 years Composite of progression of 
kidney disease (ESRD with 
sustained decrease in eGFR 
to < 10 ml/min, a sustained 
decrease in eGFR of ≥ 40 % 
from baseline or death from 
renal causes) or death from 
cardiovascular disease 

Hospitalization from 
heart failure; 
hospitalization from 
any cause 

The hazard ratio for 
progression of kidney disease 
or death from CVD in 
Empaglitazone vs. placebo 
was 0.86 (p = 0.003). No 
difference in composite 
outcome for hospitalization 
due to heart failure or death 
from cardiovascular disease 

Empagliflozin lowered 
risk of disease 
progression from kidney 
disease or death from 
CVD compared to 
placebo 

Causland 
et al., 2022, 
US [64] 

6262, 72, 
43 %, DM 
(45 %) 

DELIVER trial (prespecified 
analysis)- International 
multicenter randomized, 
parallel-group, event 
driven controlled trial 

Adult 40 years or older 
with symptomatic 
LVEF > 40 % with 
evidence of structural 
heart disease (LVH, LA 
enlargement) 

Dapagliflozin 
(10 mg/day) 

Placebo 2.3 
years 

Renal specific outcome- 
sustained 50 % or greater 
decline in eGFR compared to 
baseline, development of 
ESRD or death due to kidney 
disease. Cardiovascular 
disease 

Safety outcome Following the initial 
expected acute decline in 
eGFR, Dapagliflozin slowed 
the long-term decline in 
eGFR compared to placebo 
and was more pronounced in 
patients with diabetics 
compared to nondiabetics 

Baseline kidney function 
did not modify the 
benefit of Dapagliflozin 
in patients with heart 
failure. DAPA did not 
significantly reduce the 
frequency of renal 
composite outcome 

CKD – chronic kidney disease, ESRD – end stage renal disease, eGFR – estimated GFR, mGFR – measured GFR, LVH – left ventricular hypertrophy, LA – left atrium. 
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diabetes. A study by Elkind et al. also reported a significant decrease in 
OGTT and improved fasting insulin in nondiabetic women with PCOS. 
No difference was observed in serum NT-proBNP level, HbA1c, and LDL 
cholesterol. 

The incidence and burden of HF is increasing over time. Studies have 
shown that at least one-third of the adults in the US can be defined as 
having at least stage A HF or at risk for HF or have at least one risk factor 
for HF [67–68]. Currently, more than 6.7 million Americans over the age 
of 20 years have HF, with the prevalence predicted to rise to 8.5 million 
by 2030, with a lifetime risk of 24 % [68]. Further, patients with HF are 
at increased risk of recurrent hospitalization and mortality [69]. HF 
accounts for approximately 900,000 hospitalizations per year, costing 
$11 billion or more [70–71]. Thus, an unmet need exists to identify 
effective pharmacological therapy focusing on improved symptoms, 
reduced hospitalization, and increased survival. As per current guide-
lines, SGLT2 inhibitors are the third line of management for refractory 
and persistent symptomatic HF in patients with diabetes mellitus [72]. 

In this review, treatment with various SGLT2 inhibitors resulted in a 
significant reduction in the risk of cardiovascular mortality and HF- 
associated hospitalizations in patients without diabetes mellitus. The 
postulated mechanism for the role of SGLT2 inhibitors in HF includes 
direct cardiovascular effect, cardiovascular profile improvement, energy 
metabolism, and anti-inflammatory properties (Fig. 3) [72]. Direct 

cardiovascular effects of SGLT2 inhibitors include the effect on cardiac 
remodeling and fibrosis by modulating macrophage phagocytosis and 
downregulation of reactive oxygen and nitrogen-specific pathways [73]. 
Through action on the renal system (glycosuria, natriuresis, and tubu-
loglomerular feedback), SGLT2 inhibitors promote a reduction in body 
weight, regulation of blood pressure, and improvement of HbA1c 
resulting in healthy cardiovascular and metabolic profile [74–75]. 
Glycosuria may also promote a shift towards ketone metabolism, the 
preferable metabolism in the heart of patients with HF [76]. In addition, 
SGLT2 inhibitors may decrease the inflammatory process by activating 
the SIRT1/AMPK pathway, reducing oxidative stress, and enhancing 
antioxidant activity [77]. Furthermore, SGLT2 inhibitors has shown to 
ameliorate endoplasmic reticulum stress [78–79]. Although all trials 
reported a significant cardiovascular benefit for SGLT2 inhibitors, there 
is growing evidence of the role of SGLT1 inhibitors in the cardiovascular 
system [80–83]. The potential mechanism of SGLT1 inhibitors in 
diabetes-related heart injury includes reduction of cardiomyocyte 
fibrosis and apoptosis through JNK, p38 MAPK pathway, and activation 
of Rac1 pathway. SGLT1 inihibitors may reduce cardiomyocyte hyper-
trophy and oxidative stress and decrease inflammatory response. SGLT1 
inhibitors reduce vascular endothelial cell glucose sensitivity and 
downstream complications [84]. Potential mechanisms for SGLT1 in-
hibitors in reducing nondiabetic heart injury included reduction of 

Fig. 2. The Cochrane Risk of Bias assessment tool.  
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oxidative stress, cardiomyocyte hypertrophy, and fibrosis through in-
hibition of the AMPK-ERK-EGFR-PKC-NOX2 pathway, downregulation 
of ANP and BNP and inhibition of excessive activation of TLR4/CaMKII 
pathways respectively [85–87]. Thus, available evidence and animal 
models highlight the potential cardiovascular benefit of SGLT1 in-
hibitors. However, inhibition of SGLT1 in the heart can be a double- 
edged sword, as nonspecific blockage of SGLT1 receptors in other 
organ systems may result in delirious side effects [88]. 

Multiple clinical trials reported the mortality benefit and reduced 
hospitalization rate with SGLT2 inhibitors in nondiabetic patients. 
However, a retrospective cohort study by Yan et al. showed no differ-
ence in length of hospital stay and all-cause readmission with heart 
failure, irrespective of diabetic status [89]. Thus, more clinical trials are 
required to establish the actual benefit of SGLT2 inhibitors in nondia-
betic patients and delineate their role in different aspects of the car-
diovascular system. Also, there is a need for further studies on the role of 
SGLT2 inhibitors on metabolic profile, vascular health, and other po-
tential systemic benefits. 

Studies have shown that dapagliflozin, empagliflozin, and canagli-
flozin have consistent and biologically plausible class effects on car-
diorenal outcomes in diabetic patients [90]. Two indicators, including 
glomerular filtration fraction and degree of albuminuria were identified 
as the most common risk factor for cardiorenal events [90]. Our current 
review detected a significant effect of SGLT2 inhibitors in delaying the 
progression of renal disease and reducing albuminuria in nondiabetic 
patients, and hence, it may help to mitigate cardiorenal symptoms 
(Fig. 3). 

Chronic kidney disease (CKD) is a progressive disease that affects 
around 10 % of the world’s population and is the 18th leading cause of 
death [91]. In the United States, the prevalence of CKD in males is 12.3 

%, and in females is 14.9 % [92]. Although CKD is more prevalent 
among the diabetic population (24.5 %), a small but significant per-
centage of CKD can be found in nondiabetic individuals (4.9 %) [91]. 
The unadjusted yearly healthcare costs of CKD is around $24.6 billion 
[93]. In a significant portion of CKD patients, there is a considerable 
propensity for delayed or underdiagnosis and the ultimate progression 
to ESRD [91]. Some of the common and robust risk factors for CKD 
progression include the level of GFR, proteinuria, and hypertension 
[94]. The consequence of CKD progression is devastating and con-
demning patients to various degrees of chronic lifelong disabilities. To 
date, angiotensin converting enzyme inhibitors (ACEi) are the standard 
of care for delaying the progression of CKD [95]. However, recently, 
SGLT2 inhibitors have been found to decrease the progression of CKD in 
the diabetic population, with little known about their role in the 
nondiabetic population. This review highlighted the role of SGLT2 in-
hibitors in nondiabetics. 

The majority of the trials related to CKD included in this review 
concluded that dapagliflozin or empagliflozin reduced the hazard of 
progression of kidney disease irrespective of diabetic status. This review 
found SGLT2 inhibitors offer cardiovascular and renal protection in 
diabetic and nondiabetic patients with CKD, making them among the 
first-line therapy for CKD [96]. We also found that in nondiabetic pa-
tients, SGLT2 inhibitors not only improved cardiovascular outcomes in 
CKD patients but also improved renal status in patients with cardio-
vascular disease. An SGLT2 Inhibitor Meta-Analysis Cardio-Renal Tria-
lists Consortium (SMART-C) concluded that SGLT2 inhibitors reduced 
the risk of CKD progression, ESRD, or death from HF by 37 %, irre-
spective of diabetic status [66]. They also reported 40 % protection from 
progression of CKD in diabetic kidney disease, 30 % in patients with 
ischemic/hypertensive kidney disease, 40 % in patients with 

Fig. 3. Postulated mechanisms for the nondiabetic action of SGLT2 inhibitors. SGLT2 inhibitors have both cardioprotective and renoprotective effect in addition to 
metabolic effect. The cardioprotective effect includes direct cardiovascular effect as well as indirectly through action on renal system and is manifested through 
improvement of cardiac parameters, decrease in heart failure as well as promotion of cardiac remodeling. Renal effect is through both direct and indirect pathways 
resulting in glycosuria, nitrituria, decrease in proteinuria, inflammation, vasodilation, decrease preload, hormonal effect as well as increased hematocrit and 
erythropoietin. Some of the metabolic effects included decreased BMI, decreased adiposity, change in appetite and weight among others. (Abbreviations: NF-κB – 
Nuclear factor kappa B; MCP-1 – Monocyte chemoattractant protein-1; TGF-β – Transforming growth factor β; NEFA – Non-esterified fatty acids; NO – Nitric oxide; Na 
– Sodium; O2 – Oxygen; N2 – Nitrogen; LDL – Low density lipoprotein; HDL – High density Lipoprotein;↑– increase in; ↓ – decrease in). 
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glomerulonephritis, and 26 % in patients with CKD of unknown etiology 
[66]. Most SGLT2 inhibitor trials didn’t primarily focus on glomerulo-
nephritis, but EMPA-KIDNEY & DAPA-CKD trials showed reduction of 
CKD progression and improvement of urine albumin-to-creatinine ratio 
in patients with IgA nephropathy [62,66]. The reno-protective effect of 
SGLT2 inhibitors can be both direct and indirect. The direct mechanisms 
include (i) reduction in hyperfiltration and glomerular injury through 
both glucose-related and unrelated pathways, (ii) reduction in energy 
consumption and hypoxia through reduced NA+/K+ ATPase, and (iii) 
inhibition of inflammatory, fibrotic, and pro-apoptotic response through 
reduction in inflammatory mediators [97–102]. Some indirect effects 
include glycosuria, natriuresis, tubuloglomerular feedback, sym-
pathoinhibition, protective effect on endothelial cells, vasodilation, 
increased hematocrit, reduction in uric acid level, etc. (Fig. 3) [97]. 

Various studies related to SGLT2 inhibitors have shown minimal 
adverse effects in the diabetic population and are expected to manifest 
similar or less effects in nondiabetic individuals. Some of the most 
common side effects include hypotension, UTI, Fournier’s gangrene, 
AKI, euglycemic ketoacidosis, bone fractures, and bladder cancer 
[72,103]. Though no significant side effects were observed in the clin-
ical trials reviewed for this study, there is a need for active monitoring 
and close surveillance. 

Some of the strengths of this study include the review of all available 
RCTs to date that looked at the nondiabetic role of SGLT2 inhibitors, the 
use of the PRISMA diagram, and the maintenance of high Cohen’s Kappa 
of agreement. In addition, this review summarizes the current scientific 
knowledge, informs therapeutic guidelines related to SGLT2 inhibitors, 
and promotes the potential benefit of SGLT2 inhibitors as an essential 
therapeutic milestone in nondiabetic patients. 

One of the limitations of this study includes limited information 
regarding the drug and dose-dependent efficacy and determination of 
relative benefit across the SGLT2 inhibitors due to a lack of head-to-head 
clinical trials. Secondly, most of the studies had combined diabetic and 
nondiabetic populations with no reported baseline characteristics for 
individual groups. The diversity in baseline characteristics of the study 
population and heterogeneity in sample size and background clinical 
comorbidities may also account for differences in study outcomes and 
generalizability. Some of the limitations of CKD trials also include lack 
of inclusion of various underlying causes of CKD, limited/no trial on 
patients receiving our renal replacement therapy (RRT) or kidney 
transplant, and quantification of therapeutic disease-specific role of 
SGLT2 inhibitors. Additionally, some studies had high dropout rates, 
contributing to an increased risk of attrition bias. Thus, more studies are 
warranted to identify other nondiabetic uses of these drugs and to 
characterize the unbiased role of different SGLT2 inhibitors in homo-
geneous and standard populations. Further, long-term follow-up studies 
are needed to identify the side effect profile and develop therapeutic 
guidelines correctly. 

Conclusion and future direction 

In conclusion, SGLT2 inhibitors stand as indispensable pillars in 
medical practice, seamlessly integrated into various guideline-driven 
treatment plans for diabetic patients. This comprehensive review ex-
tends beyond their conventional diabetic applications, shedding light on 
the potential of SGLT2 inhibitors in addressing cardiac, renal, and 
metabolic conditions in nondiabetic individuals. The amalgamation of 
findings from numerous clinical trials highlights a noteworthy reduction 
in cardiovascular mortality, a decline in hospitalization rates, and 
enhanced metabolic parameters across various SGLT2 inhibitors. 
Moreover, while stirring controversy regarding their antihypertensive 
effects, shine in impeding CKD progression and positioning them as a 
formidable class of medication alongside RAS inhibitors. In the realm of 
therapeutic medicine for nondiabetic patients, SGLT2 inhibitors emerge 
as a beacon of promise, suggesting their potential inclusion in guideline- 
based protocols for comprehensive patient care. 

Currently, multiple trials are ongoing to further classify the nondi-
abetic role of SGLT2 inhibitors not only in CKD and cardiovascular 
diseases but also in other disease processes, including acute kidney 
injury, transplant recipients, patients on renal replacement therapies, 
PCOS, SIADH, adrenal disease, nonalcoholic fatty liver disease, and 
valvular heart disease. Results from these trials and other trials will help 
to broaden the horizon of SGLT2 inhibitors and help inform various 
management guidelines. Newer trials may consider studying other SGLT 
inhibitors, particularly SGLT 1 inhibitors. 

Furthermore, trials comparing additive effects of SGLT2 inhibitors 
with GLP-1 agonist, fenerenone, or endothelin receptor antagonist in 
non-diabetics may prove to be very helpful in improving renal outcomes. 
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