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Abstract
The management of hyperglycemia in patients admitted to hospital is mainly based on insulin therapy. However, the posi-
tive and rapid effects of sodium-glucose cotransporter 2 inhibitors (SGLT2i) on cardiorenal outcomes raises the possibility 
that they might confer benefits to hospitalized patients. In recent, well designed, randomized trials (SOLOIST-WHF and 
EMPULSE) recruiting inpatients with heart failure (HF), SGLT2i demonstrated the potential to improve survival and quality 
of life and reduce the number of HF events, time to first HF event, hospitalizations, and urgent visits for HF compared with 
placebo. They were also well tolerated, whereas incidence of diabetic ketoacidosis was low. In EMBODY, empagliflozin 
was shown to be protective against the deleterious effects of cardiac injury in patients with acute myocardial infarction. In 
DARE-19, the administration of dapagliflozin to inpatients with cardiometabolic risk factors and COVID-19 was based on 
the hypothesis that the anti-inflammatory properties of SGLT2i could alleviate organ damage. Although the findings did not 
reach statistical significance, the efficacy and safety profiles of the drug were encouraging. These promising findings in the 
field of cardiometabolic medicine set the stage for future research to explore whether the benefits of gliflozins can expand 
to inpatients with non-cardiometabolic disorders, including sepsis, cirrhotic ascites, and malignancies. The concept of inpa-
tient use of SGLT2i has evolved greatly over the past few years. The latest evidence suggests that SGLT2i may be effective 
and safe in the hospital setting, provided patients are carefully selected and closely monitored. Real-world data will prove 
whether present hope about inpatient use of gliflozins will transform into future confidence.
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Key Points 

High-quality evidence suggests that sodium-glucose 
cotransporter 2 inhibitors (SGLT2i) can improve out-
comes in hospitalized individuals with heart failure.

Proper selection and close follow-up of patients are 
needed to mitigate risks.

The inpatient use of SGLT2i in non-cardiometabolic 
disorders deserves further evaluation.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-022-01730-2&domain=pdf
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1 Introduction

Back in 2020, we speculated on the risk–benefit ratio of 
administering sodium-glucose cotransporter 2 inhibitors 
(SGLT2i) to hospitalized patients with diabetes mellitus 
and concluded that “potential benefits deriving from the 
use of SGLT2i in the inpatient setting cannot mitigate pos-
sible risks, at least until robust evidence on their efficacy 
in hospitalized individuals become available” [1].

In general, the management of hyperglycemia in 
patients admitted to hospital is based on insulin therapy. 
Oral agents are withheld during hospitalization due to 
lower hypoglycemic potency compared with insulin, 
potential interactions with concomitantly administered 
drugs, and several safety concerns related to altered 
pharmacokinetics in cases of renal or liver dysfunction 
[2]. However, gliflozins constitute a unique paradigm of 
antidiabetic agents. Although initially developed as drugs 
for the management of hyperglycemia, they soon became 
known to significantly improve outcomes related to heart 
failure (HF) and chronic kidney disease (CKD), leading to 
their licensed use in patients with both entities, regardless 
of diabetes status. In this context, the wide spectrum of 
the off-target effects of SGLT2i prompted their evaluation 
as potential therapeutic options for nonmetabolic disor-
ders, including infections, cancer, and cognitive impair-
ment [3, 4].

The rationale behind the use of SGLT2i in hospitals is 
based on the practical dosing scheme, the low risk of hypo-
glycemia (if given as antihyperglycemic agents), but mainly 
to their potential to alleviate the deleterious effects of cardio-
renal injury. On the other hand, safety issues with respect to 
the risk of diabetic ketoacidosis (DKA), hypovolemia, and 
genital infections need careful consideration. At the time 
of our previous review, relevant data on the administration 
of gliflozins in the acute phase of any disease entity were 
exclusively from animal studies. This article aims to discuss 
updated evidence on the use of SGLT2i in the inpatient set-
ting, in light of recently published human studies.

2  Recent Evidence

2.1  Sodium‑Glucose Cotransporter 2 Inhibitors 
(SGLT2i) in Hospitalized Patients with COVID‑19

Important extra-glycemic properties of SGLT2i that justify 
their use in acute disease include attenuation of endothelial 
dysfunction, improved heart pump energetics, inhibition 
of  Na+/H+ exchanger in the kidney and the heart, down-
regulation of sympathetic activity and oxidative stress, and 
increased erythropoietin production (Fig. 1) [5, 6]. Some of 
the mechanisms involved in organ failure during infection 
with SARS-CoV-2 have been suggested to be common with 

Fig. 1  Potential mechanisms that mediate the benefits of SGLT2i in hospitalized patients. CKD chronic kidney disease, CVD cardiovascular dis-
ease, HF heart failure, SGLT2i sodium glucose co transporter 2 inhibitors
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those implicated in the development of diabetic complica-
tions [7]. SGLT2i exert systemic anti-inflammatory actions 
that could prove useful in cases of overactivation of the 
immune system in the context of viral infections, thus miti-
gating organ damage. DARE-19 (Dapagliflozin in Respira-
tory Failure in Patients With COVID-19) was a trial of 1250 
hospitalized patients with COVID-19 and cardiometabolic 
risk factors (i.e., hypertension, type 2 diabetes [T2D], ath-
erosclerotic cardiovascular disease [CVD], HF, and CKD), 
who were randomized 1:1 to either placebo or dapagliflozin 
[8]. Compared with placebo, numerically fewer participants 
in the dapagliflozin arm experienced the composite primary 
outcome of time to new or worsened organ dysfunction or 
death (13.8 vs 11.2%, hazard ratio [HR] 0.80, 95% con-
fidence interval [CI] 0.58–1.10; p = 0.17). Although the 
findings failed to reach statistical significance, it should be 
considered that the trial was short (30 days) and took place 
during an evolving pandemic, while numbers recruited were 
relatively small. Moreover, the continuous improvement in 
the care of patients with COVID-19 led to a respective fall-
ing trend of mortality rates, which made the prediction of 
the number of events required for statistical certainty chal-
lenging [9].

Prior to DARE-19, the risk of DKA was a major argu-
ment against the use of SGLT2i in the acute setting. Indeed, 
a shift in substrate utilization from carbohydrate to fat oxi-
dation along with an increase in glucagon levels, dehydra-
tion and insulinopenia can lead patients treated with these 
agents to develop euglycemic DKA, especially in the con-
text of precipitating factors that are often seen in inpatients, 
including severe infections, prolonged starvation, or surgi-
cal interventions [1, 10, 11]. In DARE-19, monitoring of 
acid–base balance and renal function was required daily as 
per the study’s protocol, whereas history of DKA and critical 
illness were key exclusion criteria. Among the 625 patients 
randomized to the dapagliflozin group, there were only two 
cases of DKA. Both occurred in people with diabetes and 
resolved quickly with appropriate treatment. Therefore, a 
strong message of this trial is that SGLT2i can be used safely 
in the hospital, provided candidate recipients are carefully 
selected and patients are closely monitored [9].

2.2  SGLT2i in Hospitalized Patients with Heart 
Failure

SGLT2i can affect the natural history of HF by reducing 
hospitalization rates, CVD, and all-cause mortality and by 
improving renal outcomes and quality of life [12, 13]. While 
some of the effects of the class seem to be consistent across 
the full spectrum of the disease, SGLT2i have been shown 
to reduce the risk of cardiac death only in people with HF 
with reduced ejection fraction (HFrEF) [14]. In contrast, 
among patients with HF with preserved ejection fraction, 

the benefits are mainly driven by a reduction in rehospitali-
zation rates.

In the SOLOIST-WHF (Effect of Sotagliflozin on Car-
diovascular Events in Patients With Type 2 Diabetes Post 
Worsening Heart Failure) trial, 1222 patients with T2D 
requiring hospitalization due to exacerbation of HF were 
randomly assigned to either sotagliflozin or placebo [15]. 
This was the first study in which a SGLT2i was initiated 
before hospital discharge in a significant percentage of study 
participants (48.8%). After a median follow-up of 9 months, 
the use of sotagliflozin resulted in a significant reduction in 
the composite primary outcome of cardiovascular death and 
hospitalizations and urgent visits for HF (number of events 
per 100 patients-years was 51.0 and 76.3 for sotagliflozin 
and placebo, respectively; HR 0.67, 95% CI 0.52–0.85; 
p < 0.001). The importance of starting SGLT2i during hos-
pitalization is highlighted by the fact that the risk reduction 
appeared evident 28 days after first administration of the 
drug [16]. These data encourage an ‘earlier, better’ approach 
to the introduction of gliflozins into the pharmaceutical 
armory against HF, which clearly represents a paradigm shift 
in the management of the disorder [17].

In the early years of the use of SGLT2i in daily prac-
tice, there were several concerns over the safety of their 
co-administration with conventional diuretics, which are 
considered the cornerstone of the management of inpatients 
with HF. In SOLOIST-WHF, the vast majority of partici-
pants (95.4% in the sotagliflozin group) received loop diuret-
ics and a large percentage of them (66.3%) were treated with 
mineralocorticoid receptor agonists (MRA). However, the 
incidence of hypotension and acute renal injury was similar 
when comparing the intervention and placebo groups (6.0 
vs 4.6% and 4.1 vs 4.4%, respectively). Mordi et al. have 
recently reported that empagliflozin significantly increased 
24-h urine volume without amplifying urinary sodium excre-
tion when used in parallel with loop diuretics [18]. These 
data suggest that the diuretic effects of SGLT2i are primarily 
driven by fluid clearance from the interstitial space, rather 
than the circulating volume, which explains the low risk of 
dehydration with SGLT2i therapy [19]. Furthermore, Shi-
rakabe et al. showed that among people with diabetes and 
compensated HF, co-administration of loop diuretics and 
empagliflozin led to a decrease in the dose of the latter [20]. 
Also, empagliflozin improved the production of erythro-
poietin, which represents a potential protective mechanism 
against the development of renal injury induced by hypov-
olemia and dehydration.

The administration of MRA in patients with acute decompen-
sated HF is often restricted because of the risk of hyperkalemia. 
A meta-analysis incorporating data from 24,246 individuals with 
T2D showed a 28% lower risk of hyperkalemia in patients receiv-
ing SGLT2i compared with those receiving placebo [21]. These 
results were recently replicated by Neuen et al. [22] showing 
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that the use of SGLT2i among 49,875 people with T2D and 
established CVD or at high cardiovascular risk was associated 
with a lower risk of serious hyperkalemia (HR 0.84; 95% CI 
0.76–0.93), without increasing the risk of hypokalemia. In the 
EMPEROR-preserved (Empagliflozin Outcome Trial in Patients 
with Chronic Heart Failure with Preserved Ejection Fraction) 
population, empagliflozin reduced the primary outcome and 
hyperkalemia and these benefits were consistent regardless of 
background treatment with MRA [23]. Additionally, combined 
therapy of SGLT2i with the MRA finerenone appears to result 
in greater reductions in urine albumin excretion among patients 
with diabetic kidney disease compared with those achieved with 
finerenone alone [24]. Collectively, these data suggest an additive 
effect of SGLT2i and diuretics with an acceptable safety profile.

Another key study assessing inpatient initiation of SGLT2i 
is EMPULSE. In this trial, 530 patients hospitalized with 
acute HF (47% had diabetes) were randomized to receive 
empagliflozin 10 mg or placebo in addition to standard treat-
ment [25]. During 90 days of follow-up, more patients in the 
active treatment group experienced clinical benefit (defined 
as a hierarchical composite of death, number of HF events 
and time to first HF event, or change from baseline in the 
Kansas City Cardiomyopathy Questionnaire Total Symptom 
Score) compared with placebo (stratified win ratio 1.36, 95% 
CI 1.09–1.68; p = 0.0054). Comparing placebo and SGLT2i 
groups, renal complications were numerically higher in 
the former group, (acute kidney injury [7.2 vs 3.8%], renal 
impairment [4.2 vs 3.5%], and urinary tract infections [6.4 
vs 4.2%]). Interestingly, no cases of DKA were reported in 
either study arm, although it should be noted that less than 
half of the study participants had diabetes.

It is important to emphasize that the magnitude of gly-
cosuria promoted by SGLT2i depends on plasma glucose 
concentrations [26]. Therefore, genital mycotic infections, 
which are the most common adverse event of the class, 
are not expected to be an issue in individuals without dia-
betes. A recent meta-analysis that pooled data from five 
high-quality randomized controlled trials (RCTs) reassur-
ingly demonstrated a similar risk of urinary tract infections 
(including severe ones, such as urosepsis) among patients 
with HF assigned to SGLT2i compared with those assigned 
to placebo (relative risk 1.09, 95% CI 0.94–1.26; p = 0.24) 
[27]. From a pathophysiological perspective, the develop-
ment of DKA requires the presence of absolute or relative 
insulinopenia. Thus, it is unlikely that patients without dia-
betes, and having an adequate endogenous insulin produc-
tion, develop this worrying complication of SGLT2i therapy.

2.3  SGLT2i in Hospitalized Patients with Acute 
Cardiovascular Episodes

Several animal studies indicate that SGLT2i can attenuate 
the harmful effects of acute myocardial ischemia [28–31]. 

However, relevant human studies were not available until 
recently. In the EMBODY trial, 105 patients with acute myo-
cardial infarction (MI) were randomized to receive empagli-
flozin or placebo [32]. Treatment with SGLT2i resulted in a 
significant improvement in heart rate turbulence, suggesting 
a protective effect of the class against cardiac sympathetic 
and parasympathetic abnormalities induced by acute myo-
cardial injury. EMBODY was another study in which empa-
gliflozin was well tolerated and no safety concerns emerged 
during the trial, but it should be noted that this was a small 
study. These findings are in line with a post hoc analysis 
of DAPA-HF (Dapagliflozin and Prevention of Adverse 
Outcomes in Heart Failure), showing that dapagliflozin 
significantly reduced the risk of the composite outcome of 
sudden death, resuscitated cardiac arrest, and incidence of 
ventricular arrhythmias in a high-risk population with HF 
[33]. Together, these data indicate that SGLT2i might have 
a place in the management of acute cardiovascular episodes 
with potential to reduce mortality and improve outcomes 
[34]. The results of the ongoing trial DAPA-MI (Dapagli-
flozin Effects on Cardiovascular Events in Patients With an 
Acute Heart Attack) are expected to shed more light on this 
issue. In this multicenter, parallel group, event-driven, reg-
istry-based RCT that recruits patients without diabetes who 
present with MI, the effect of dapagliflozin versus placebo in 
terms of preventing hospitalization for HF or cardiovascular 
death will be evaluated [35].

3  The Clinician’s Perspective

Despite the encouraging results from the world of clini-
cal trials, translating trial data into daily practice remains 
a challenge. SGLT2i have been tested as adjunct therapy in 
patients with inadequately controlled type 1 diabetes (T1D) 
and proved to be effective in reducing glycated hemoglobin, 
body weight, and insulin dose [36, 37]. In these studies, the 
safety profile supported a favorable risk–benefit balance. 
However, real-world evidence suggested that DKA remains 
a concern with the use of SGLT2i in autoimmune diabetes 
[38]. The recent withdrawal of dapagliflozin as an adjunctive 
therapy in T1D added to the concerns, although this was a 
commercial decision and not done for safety reasons [39].

There are always concerns that RCTs do not necessar-
ily represent real-world practice given the selection process 
and the closer monitoring. In this context, EMBODY was 
conducted only in the Japanese population, and the percent-
age of Black participants in EMPULSE was relatively low 
(7.9% in the empagliflozin group). This could be important 
considering available data showing that African Americans 
with T2D are more likely to develop DKA compared with 
other ethnic groups [40]. DKA is a potentially fatal com-
plication that can be experienced by a certain number of 
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patients, especially when SGLT2i are introduced during 
hospitalization. Thus, physicians should ensure that blood 
pH, ketones, and dietary intake are monitored regularly. In 
EMPULSE, the requirement for patient stabilization might 
have excluded older and frailer patients [25]. Furthermore, 
many RCTs exclude patients who are older than 75 years, 
have a body mass index < 20 kg/m2 and an estimated glo-
merular filtration rate (eGFR) < 20 mL/min/1.73m2, which 
are all characteristics that describe the patient population 
that is difficult to treat with SGLT2i. However, it can be 
argued that good clinical practice dictates that selection of 
patients for various therapies is done with care, while moni-
toring needs to be intensified in the presence of known side 
effects, particularly at the initiation phase, to ensure a high 
benefit/risk ratio.

Another important aspect to consider is the chronology 
of the inpatient phases in various clinical entities. In the 
case of people with COVID-19 and diabetes, a more severe 
metabolic decompensation is observed during the first days 
of hospital stay, when the risk of DKA may be more pro-
nounced [41]. According to the protocol of the studies that 
recruited patients with HF, SGLT2i was started after stabili-
zation, which means that people with severe disease may not 
have been adequately studied. Together, these data indicate 
that the use of SGLT2i should probably be considered in the 
latter, safer phases of an inpatient stay.

It could be said that the renal effects of the inpatient use 
of SGLT2i should be studied in more detail, considering 
that so far most studies have focused on safety rather than 
potential benefits. In DARE-19 and EMPULSE, a composite 
renal endpoint consisting of a decrease in the eGFR and the 
initiation of renal replacement therapy (with the addition 
of all-cause death in DARE-19) was a secondary outcome. 
In both trials, the start of SGLT2i in the hospital proved 
to be safe in terms of renal function. However, it has been 
suggested that stricter criteria, including biomarkers of 
glomerular and tubular injury, should be implemented in 
upcoming studies to better define renal risk [42]. For exam-
ple, the definition of kidney damage in DARE-19 (doubling 
of serum creatinine compared with baseline during index 
hospitalization or serious adverse event, with the preferred 
term of acute kidney injury, after discharge, initiation of 
renal replacement therapy, or death from any cause over 30 
days) excludes stage 1 kidney injury or even worse stages 
that could only present as oliguria. Taking into account the 
hemodynamically driven reduction in eGFR and, by exten-
sion, in glomerular perfusion observed during the first weeks 
of therapy with gliflozins, starting such an agent in hydrated 
or hypovolemic patients could have adverse consequences 
on renal function and survival.

Previous research has recognized the magnitude of 
symptoms, low systolic blood pressure, impaired renal 
function, and elevated troponin levels at admission as 

factors correlating with mortality rates among HF inpa-
tients [43]. Specific patient features have been related to 
a greater risk for the development of DKA during hospi-
talization, including race and age [44]. In patients with 
diabetes and COVID-19, insulin treatment prior to admis-
sion, duration of diabetes, and obesity are important pre-
dictors of mortality during hospitalization [45]. On the 
other hand, recurrent hospitalizations for HF increase 
cardiovascular mortality by 2.65–5.95 times (depending 
on the number of admissions) [46], suggesting that there 
is still room for improvement in the treatment of these 
patients. Although high-risk individuals may be prone 
to adverse drug effects, they may also be more likely to 
benefit from modern treatments, especially where conven-
tional therapies fail or prove insufficient. In this context, it 
has recently been proposed that initiation of the four basic 
classes of drugs (SGLT2i, MRA, angiotensin-converting 
enzyme inhibitors, and angiotensin receptor-neprilysin 
inhibitors) before discharge in people with HFrEF could 
tackle clinical inertia and address multiple pathophysi-
ological abnormalities early in the course of the disease, 
leading to better survival rates in the long run [47]. How-
ever, in an era where precision medicine concepts are 
gaining ground, it is important to identify patients with 
specific characteristics who could benefit the most from 
the in-hospital use of gliflozins and other drugs for HF.

4  Conclusion

During the past 2 years, the concept of the in-hospital use 
of SGLT2i evolved through evidence from well-designed 
randomized trials demonstrating that these drugs might be 
both effective and well tolerated to start in the inpatient 
setting, provided that patients are properly selected and 
closely monitored. The promising findings in the field of 
cardiometabolic medicine set the stage for future research 
to explore whether the benefits of gliflozins can expand to 
inpatients with non-cardiometabolic disorders. Consider-
ing encouraging preclinical data [48, 49] and the wealth of 
mechanisms of action of these drugs, these could include, 
but are not restricted to, sepsis, cirrhotic ascites, and 
malignancies.

Additional trials are needed to fully characterize hos-
pitalized patients who would benefit the most from such 
therapies while keeping risk of complications to a mini-
mum. It should also be noted that the management and fol-
low-up of patients in RCTs may differ from the daily clini-
cal setting. Therefore, real-world data are much needed to 
prove whether the present hope about the inpatient use of 
gliflozins will transform into future confidence.
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