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rehospitalizations for heart failure.

o There was no increased harm associated with initiation of sodium/glucose cotransporter 2 inhibitor
(SGLT?2i) within 2 weeks of an acute hospital admission compared to controls.
o The use of SGLT?2i in patients with heart failure was associated with a 27% relative risk reduction in
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Abstract

Objective: Recent studies have increasingly shown the ben-
efits of using sodium/glucose cotransporter 2 inhibitor
(SGLT2i). However, there are concerns regarding the initia-
tion of SGLT2i during acute hospital admissions due to the
potential increased risk of complications. We conducted a
systematic review and meta-analysis to evaluate the efficacy
and safety of SGLT2i initiation within 2 weeks of an acute
hospital admission. Methods: Four electronic databases

(PubMed, Embase, Cochrane, and Scopus) were searched for
articles published from inception up to 27 March 2021 that
evaluated the efficacy and/or safety of SGLT2i initiation with-
in 2 weeks of an acute hospital admission. Random-effects
pair-wise meta-analysis models were utilized to summarize
the studies. The protocol was registered with PROSPERO
(CRD42021245492). Results: Nine clinical trials were includ-
ed with a combined cohort of 1,758 patients. Patients receiv-
ing SGLT2i had a mean increase in 24-h urine volume of
+487.55 mL (95% Cl 126.86-848.25; p = 0.008) compared to
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those not started on SGLT2i. Patients with heart failure treat-
ed with SGLT2i had a 27% relative risk reduction in rehospi-
talizations for heart failure, compared to controls (risk ratio
0.73; p = 0.005). There were no differences in other efficacy
and safety outcomes examined. Conclusion: There was no
increased harm with initiation of SGLT2i within 2 weeks of an
acute hospital admission, and its use reduced the relative
risk of rehospitalizations for heart failure in patients with
heart failure. It was also associated with increased urine out-
put. However, current evidence pool is limited, especially in

specific population subtypes. ©2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Sodium/glucose cotransporter 2 inhibitor (SGLT2i) is
an emerging class of anti-hyperglycemic drugs. They
block glucose reabsorption at the proximal renal tubule,
increasing urinary glucose excretion to lower blood glu-
cose in patients with diabetes.

Apart from glycemic control, SGLT2i is increasingly
used in conditions like heart failure and chronic kidney
disease due to their efficacy as evidenced by landmark
studies. The EMPA-REG trial showed that SGLT2i helps
reduce mortality from cardiovascular causes and hospi-
talization rates [1]. The CREDENCE trial demonstrated
that SGLT2i reduced development of end-stage kidney
disease, need for renal replacement therapy, and death
from renal causes [2]. Other beneficial outcomes include
lowering weight [3] and blood pressure [4]. The efficacy
of SGLT2i is further emphasized as a first-line therapy for
patients with type 2 diabetes and established cardiovascu-
lar disease in the 2021 European Society of Cardiology
guidelines [5].

Current guidelines advise clinicians to withhold
SGLT2i in hospitalized patients [6]. This is mainly due to
the increased risk of euglycemic diabetic ketoacidosis as
compared to patients not on SGLT2i [7]. To date, there
have been no meta-analyses determining the safety of
SGLT2i use in hospitalized patients. Reviews have advo-
cated for more research and analyses in this aspect [8, 9].
We conducted a systematic review and meta-analysis to
evaluate the use of SGLT2i within 2 weeks of an acute
hospital admission. We hypothesize that the initiation of
SGLT2i within 2 weeks of an acute hospital admission is
associated with improved efficacy, and there is no signif-
icant difference in safety outcomes compared to those not
initiated on SGLT2i.
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Methodology

This systematic review and meta-analysis were reported ac-
cording to the Preferred Reporting Items of Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [10]. The review proto-
col was registered with PROSPERO’s International Prospective
Register of Systematic Reviews (CRD42021245492). Four databas-
es (PubMed, Embase, Cochrane, and Scopus) were searched for
articles published from inception up to 27 March 2021. The fol-
lowing search strategy was applied: (“empagliflozin” OR “BI10773”
OR “canagliflozin® OR “TA7284” OR “dapagliflozin® OR
“BMS512148” OR “ertugliflozin” OR “PF04971729” OR “ipra-
gliflozin” OR “remogliflozin” OR “sotagliflozin” OR “LX4211” OR
“luseogliflozin” OR “TS071” or “licogliflozin” OR “LIK066”) AND
(“trial” OR “cohort” OR “case-control” OR “observational study”
OR “longitudinal”) AND (“inpatient” OR “in-patient” OR “inhos-
pital” OR “in-hospital” OR “hospital” OR “hospitals” OR “hospi-
talization” OR “hospitalization” OR “hospitalizations” OR “hospi-
talisations” OR “admission” OR “admissions”).

We included all randomized-controlled trials and observation-
al studies evaluating the efficacy and/or safety of initiating SGLT2i
within 2 weeks of an acute hospital admission. Studies reporting
SGLT2i being started in the outpatient setting and those that did
not specify the time of SGLT21i initiation were excluded. The PI-
COS inclusion and exclusion criteria are shown in online supple-
mentary Table 1 (see www.karger.com/doi/10.1159/000524435 for
all online suppl. material).

The following baseline information of patients was collected,
including age, sex, body weight, body mass index, systolic blood
pressure, diastolic blood pressure, hemoglobin Alc, low-density
lipoprotein cholesterol, smoking status, comorbids (diabetes mel-
litus, hypertension, hyperlipidemia, obesity, coronary artery dis-
ease, stroke, chronic kidney disease, and heart failure), reason for
hospital admission, duration of admission, time of initiation of
SGLT2i, and any concomitant drug usage (biguanide, sulfonyl-
urea, dipeptidyl peptidase-4 inhibitor, glucagon-like peptide 1 re-
ceptor agonist, and insulin). For the SGLT2i regimes, the drug
name, dosage, frequency, control group, length of intervention,
and mean length of follow-up were collected. Efficacy outcomes
collected included systolic blood pressure, diastolic blood pres-
sure, weight, body mass index, waist circumference, low-density
lipoprotein cholesterol, hemoglobin Alc, fasting plasma glucose,
postprandial glucose, continuous glucose monitoring, urinary
glucose, estimated glomerular filtration rate, urine volume, plas-
ma electrolytes, serum uric acid, plasma osmolality, and urine os-
molality. Safety outcomes included overall adverse events, cardio-
vascular adverse events, acute myocardial infarction, rehospital-
izations for heart failure, hypotension, hypovolemia, volume
depletion, stroke, respiratory adverse events, gastrointestinal ad-
verse events, hepatic adverse events, pancreatitis, psychiatric ad-
verse events, renal/urinary adverse events, acute kidney injury,
renal impairment, urinary tract infection, genital mycotic infec-
tion, reproductive adverse events, metabolic adverse events, dia-
betic ketoacidosis, hypoglycemia, musculoskeletal adverse events,
fracture, peripheral arterial disease, amputation, thromboembolic
adverse events, venous thrombotic events, infectious adverse
events, all-cause mortality, hospitalization, malignancies, and
other adverse events not included in the above list.

Four reviewers independently performed the literature search
and data extraction using a standard data extraction sheet, and all
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« PubMed 1,145

« Embase 612

* Cochrane 1,437

* Scopus 1,359
Total: 4,553 articles

Database search from inception to 27 March 2021:

0 additional articles identified from hand search |

| Excluded 1,139 duplicate articles |

| 3,414 articles

Excluded 1,865 non-relevant articles based

on title and abstract

| 1,549 articles

Excluded articles base on review of full-text articles:
* Repeated study (343)

» No full-text available (41)

» Ongoing trial (27)

 Not in English language (10)

» Wrong study design (36)

* Not inpatient (864)

» Not compared to placebo/control group without
SGLT2i (216)

« Relevant outcomes not reported (3)

9 articles included in final review

Fig. 1. PRISMA flow diagram of study selection.

disagreements were resolved by mutual consensus. The quality of
each included study was evaluated with the Cochrane risk of bias
tool [11], as shown in online supplementary Figure 1, and the qual-
ity of the pooled evidence was evaluated using the Grading of Rec-
ommendations Assessment, Development and Evaluation
(GRADE) system [12], as shown in online supplementary Table 2.
A PRISMA checKlist is included in online supplementary Figure 2.

Statistical Analysis

Review Manager (RevMan) Version 5.4 was used to quantita-
tively pool and analyze the results, as per general approaches stipu-
lated in the Cochrane Handbook. A simple conversion was per-
formed to standardize units reported across studies for the different
outcome measures. In studies without standard deviations, p values
or confidence intervals were used to generate the standard devia-
tions. Inverse variance was utilized in deriving pooled outcomes. The
random-effects model was utilized to account for between-study
variance. Between-study heterogeneity was presented using I? and 7>
statistics. An I* of <30%, 30-60%, and >60% were used to indicate
low, moderate, and substantial heterogeneity, respectively, between
studies. Two-sided p values of <0.05 were regarded to indicate nom-
inal statistical significance. Subgroup analysis will be performed if
sufficient studies that only enrolled patients initiated on SGLT2i dur-
ing the acute hospital admission are found. If sufficient data are

SGLT?2i Initiation during an Acute
Hospital Admission

found, subgroup analysis will also be performed for the following
study-level characteristics: diabetes mellitus, hypertension, chronic
kidney disease, heart failure, advanced age, frailty, individual types
of SGLT?2i, length of intervention, and mean length of follow-up.

Results

Literature search of the databases retrieved 4,553 re-
sults. Hand search did not uncover other relevant studies.
1,139 duplicates were removed. Title and abstract screen-
ing excluded 1,865 articles as they did not have a control
arm or were of an inappropriate study type. Full-text
screening excluded further 1,540 articles. Finally, a total
of nine articles were included in the meta-analysis. The
PRISMA flowchart is presented in Figure 1.

Baseline Characteristics
The nine studies had a combined sample size of 1,758
patients. Heart failure was the commonest reason for hos-
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a Forest plot of mean change in systolic blood pressure in mmHg
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Lan, 2020 -0.3 2.5838 316 -0.30 [-5.36, 4.76] —_—
Yamada, 2015 -6 2.88 26.1 —-6.00 [-11.64, -0.36] ———=&——
Total (95% CI) 100.0 -1.51 [-4.56, 1.54]

Total events
Heterogeneity: 12 = 0.97, x2 = 3.33, df = 3 (p = 0.34); 12 = 10%
Test for overall effect: Z = 0.97 (p = 0.33)

b Forest plot of mean change in diastolic blood pressure in mmHg
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Mean Weight, Mean difference
Study or subgroup difference  SE % IV, random, 95% ClI
Kevin, 2020 -3.58 2.995 27.6 —-3.58 [-9.45, 2.29]
Lan, 2020 5.45 18657 374 5.45[1.79, 9.11]
Yamada, 2015 3.5 2.14 35.0 3.50 [-0.69, 7.69]
Total (95% CI) 100.0 2.28 [-2.43, 6.98]

Total events
Heterogeneity: 12 = 11.91, x2 = 6.60, df = 2 (p = 0.04); 12 = 70%
Test for overall effect: Z = 0.95 (p = 0.34)

¢ Forest plot of mean change in body weight in kg
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Test for overall effect: Z = 1.66 (p = 0.10)

d Forest plot of mean change in continuous glucose monitoring in mmol/L

Favors [SGLT2i] Favors [Placebo]

Mean Weight, Mean difference Mean difference
Study or subgroup difference  SE % IV, random, 95% ClI IV, random, 95% ClI
Gerards, 2018 0.32 0.7551 50.2 —-0.32 [-1.80, 1.16] ——
Yamada, 2015 -2.275 0.7665  49.8 -2.27 [-3.78,-0.77] —a—
Total (95% CI) 100.0 -1.29 [-3.21, 0.62] — T
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Heterogeneity: T2 = 1.33, x2 = 3.30, df = 1 (p = 0.07); 12 = 70% -4 -2 0 2 4

Test for overall effect: Z = 1.32 (p = 0.19)

e Forest plot of mean change in urinary glucose in mmol/L

Favors [SGLT2i] Favors [Placebo]

Mean Weight, Mean difference Mean difference
Study or subgroup difference  SE % 1V, random, 95% Cl IV, random, 95% Cl
Hao, 2018 192 437 47.3 192.00 [106.35, 277.65] L >
Yamada, 2015 3.078 0.185 52.7 3.08 [2.72, 3.44]
Total (95% ClI) 100.0 92.48 [-92.39, 277.36] ——————————

Total events
Heterogeneity: 12 = 16,890.90, x2 = 18.69, df = 1 (p < 0.0001); 2 = 95%
Test for overall effect: Z = 0.98 (p = 0.33)
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Favors [SGLT2i] Favors [Placebo]

Fig. 2. Forest plot of mean change in (a) systolic blood pressure in mm Hg, (b) diastolic blood pressure in mm
Hg, (c) body weight in kg, (d) continuous glucose monitoring in mmol/L, (e) urinary glucose in mmol/L, (f) 24-h
urine volume in mL, (g) plasma sodium in mEq/L, (h) plasma potassium in mEq/L, (i) serum uric acid in pmol/L,
(j) plasma osmolarity in mOsm/kg, (k) urine osmolarity in mOsm/kg.

(Figure continued on next page.)
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f Forest plot of mean change in 24-hour urine volume in mL

Test for overall effect: Z = 2.65 (p = 0.008)

g Forest plot of mean change in plasma sodium in mEq/L
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Test for overall effect: Z = 2.00 (p = 0.04)

h Forest plot of mean change in plasma potassium in mEq/L
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Total events

Test for overall effect: Z = 1.00 (p = 0.32)

Heterogeneity: 12 = 0.06, x2 = 13.57, df = 1 (p = 0.0002); 12 = 93%

i Forest plot of mean change in serum uric acid in pmol/L
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Test for overall effect: Z = 0.23 (p = 0.81)

k Forest plot of mean change in urine osmolarity in mOsm/kg

j Forest plot of mean change in plasma osmolarity in mOsm/kg
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pital admission [13-16]. Other reasons for hospital ad-
mission include acute chronic obstructive pulmonary
disease exacerbation [17], syndrome of inappropriate an-
tidiuretic hormone-induced hyponatremia [18], acute
coronary syndrome [19], and poor glycemic control [20].
Hao et al. [21] did not report the reason for hospital ad-
mission. The baseline characteristics of the patients in the
included studies are shown in online supplementary Ta-
ble 3.

A summary of the SGLT2i intervention regime in each
study is shown in online supplementary Table 4. Empa-
gliflozin and dapagliflozin were used in four and three
studies, respectively. Sotagliflozin and ipragliflozin were
used in one study each. All regimes were compared to a
control group receiving placebo or no drug at all. The
length of SGLT2i administration ranged from 2 days to
7.7 months. The length of follow-up ranged from 3 days
to 9.0 months.

Pooled Efficacy Outcomes

The pooled efficacy outcomes are presented in Figure
2. The random-effects model demonstrated that the pa-
tients receiving SGLT2i had a mean increase in 24-h urine
volume of +487.55 mL (95% CI: 126.86-848.25; p = 0.008)
(as shown in Fig. 2f), compared to those without. There
was no statistically significant decrease in systolic blood
pressure, diastolic blood pressure, body weight, continu-
ous glucose monitoring, urinary glucose, plasma potas-
sium, serum uric acid, plasma osmolality, and urine os-
molality.

Pooled Safety Outcomes

The pooled safety outcomes are presented in online
supplementary Figure 3. There were no statistically sig-
nificant decreases in overall adverse events, adverse car-
diovascular events, hypotension, respiratory adverse
events, gastrointestinal adverse events, renal/urinary ad-
verse events, renal impairment, urinary tract infection,
hypoglycemia, all-cause mortality, duration of hospital-
ization, rehospitalization, and other adverse events. There
were several other safety outcomes that could not be eval-
uated in our meta-analysis as they were only reported by
individual studies. These included psychiatric adverse
events (empagliflozin: 0/40, placebo: 1/39), reproductive
adverse events (empagliflozin: 0/40, placebo: 0/39), ad-
verse metabolic events (empagliflozin: 9/40, placebo:
9/39), adverse musculoskeletal events (empagliflozin:
5/40, placebo: 5/39), adverse thromboembolic events
(empagliflozin: 1/40, placebo: 0/39), venous thrombotic
events (sotagliflozin: 0/605, placebo: 7/611), infectious
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events (empagliflozin: 1/40, placebo: 0/39), and malig-
nancies (sotagliflozin: 4/605, placebo: 4/611).

Subgroup Analysis of Patients Initiated on SGLT2i

during Acute Hospital Admission

For studies that only enrolled patients initiated on
SGLT2i during acute hospital admission, the pooled ef-
ficacy outcomes are presented in online supplementary
Figure 4. There was a statistically insignificant decrease in
systolic blood pressure, diastolic blood pressure, body
weight, plasma sodium, serum uric acid, plasma osmolal-
ity, and urine osmolality. The pooled safety outcomes of
patients initiated on SGLT2i during acute hospital admis-
sion are shown in online supplementary Figure 5. There
were no significant decreases in overall adverse events,
cardiovascular adverse events, hypotension, respiratory
adverse events, gastrointestinal adverse events, renal/uri-
nary adverse events, urinary tract infection, all-cause
mortality, duration of hospitalization, rehospitalization,
and other adverse events.

Subgroup Analysis of Patients with Heart Failure

For studies that enrolled only patients with heart fail-
ure, the pooled efficacy outcomes are presented in online
supplementary Figure 6. The random-effects model dem-
onstrated that patients receiving SGLT2i had a mean in-
crease in plasma sodium of +1.00 mEq/L (95% CI: 0.23-
1.77; p = 0.01) (as shown in online suppl. Fig. 6¢) com-
pared to those without. There was no statistically
significant decrease in systolic blood pressure and body
weight. The pooled safety outcomes of patients with heart
failure are shown in online supplementary Figure 7. Com-
paring patients receiving SGLT2i to patients without, the
random-effects model demonstrated that risk ratio for re-
hospitalizations for heart failure was 0.73 (95% CI: 0.59-
0.91; p = 0.005) (as shown in online suppl. Fig. 7a). Two
studies were included in this analysis; Bhatt et al. [13] had
a median follow-up duration of 9.0 months, while Dam-
man et al. [16] assessed for adverse events at 60 days.
There were no statistically significant decreases in hypo-
tension, acute kidney injury, renal/urinary adverse events,
urinary tract infection, diabetic ketoacidosis, and all-
cause mortality.

Discussion
In our meta-analysis of nine clinical trials, we demon-

strated that patients started on SGLT2i within 2 weeks of
an acute hospital admission had an increase in 24-h urine,
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compared to those not started on SGLT2i. In addition, we
found that in the subgroup of patients with heart failure,
patients started on SGLT2i within 2 weeks of an acute
hospitalization had a 27% reduction in relative risk in re-
hospitalizations for heart failure compared to the control
group. There were no detectable differences in the other
efficacy and safety outcomes examined.

The protective effect of SGLT2i against the risk of
heart failure has been demonstrated in many studies [22,
23]. However, the beneficial effects of SGLT2i have not
been well established during an acute hospital admission
due to limited data on its efficacy and safety in hospital-
ized patients [8]. Our meta-analysis has shown that in
patients with heart failure, initiation of SGLT2i within 2
weeks of an acute hospital admission brings about a re-
duction in relative risk in rehospitalizations for heart fail-
ure. A mechanism for the heart failure effect has been
proposed to be via the SGLT2i-mediated blockade of glu-
cose reabsorption that prevents excess sodium reabsorp-
tion and its downstream effect of volume expansion [24].

In this subgroup of patients with heart failure, we also
demonstrated that there were no significant differences
between the risks of diabetic ketoacidosis in patients initi-
ated on SGLT2i within 2 weeks of an acute hospital ad-
mission compared to the control group. Two studies were
included in our analysis. Bhatt et al. [13] evaluated pa-
tients from the SOLOIST-WHF trial (NCT03521934)
where patients were initiated on SGLT?2i either before or
within 3 days after hospital discharge. Damman et al. [16]
evaluated patients from the EMPA-RESPONSE-AHEF tri-
al (NCT03200860) where SGLT2i was initiated on the day
of admission. One of the main concerns of SGLT2i use in
the patients admitted to the hospital is the high risk of
diabetic ketoacidosis given the patient profile of hospital-
ized patients [8]. In a cross-sectional survey of physicians,
diabetic ketoacidosis was the most commonly reported
SGLT2i-related adverse event that physicians witnessed
in the inpatient setting, and it had a high level of severity
[25]. Our meta-analysis showed that despite the addition-
al factors in hospitalized patients that could predispose to
diabetic ketoacidosis, the risk of diabetic ketoacidosis is
similar in those initiated on SGLT2i within 2 weeks of an
acute hospital admission versus controls. Thus, clinicians
can consider initiation of SGLT2i within 2 weeks of acute
hospital admission in suitable patients.

Another risk of SGLT2i mentioned in the literature is
that of acute kidney injury, which is often associated with
an acute illness [26]. Subgroup analysis on heart failure
patients also showed that the risk of acute kidney injury
was similar in the patients initiated on SGLT2i within 2

SGLT?2i Initiation during an Acute
Hospital Admission

weeks of acute hospital admission versus controls. Nota-
bly, the two studies included in this analysis, Bhatt et al.
[13] and Damman et al. [16], enrolled patients with heart
failure on treatment with intravenous diuretic therapy.
Due to its effect on the kidneys, the use of diuretics neces-
sitates careful monitoring of renal function [27] even pri-
or to SGLT2i initiation.

Notably, there are several ongoing clinical trials such
as the DICTATE-AHF trial (NCT04298229) and EM-
PULSE trial (NCT04157751) which are also evaluating
effect of SGLT2i in patients hospitalized for heart failure.
The results of our meta-analysis should be updated upon
completion of these trials. Future studies are required to
determine if patients initiated on SGLT2i within 2 weeks
of an acute hospital admission have a higher risk of heart
failure, diabetic ketoacidosis, and/or acute kidney injury
compared to those on controls in other population sub-
types, such as in patients who were admitted for acute
myocardial infarction, sepsis, or post-surgical patients.

Other main adverse effects of SGLT2i that restrict the
use of SGLT2i during an acute hospital admission include
the increased risk of urinary tract infections and volume
depletion [8]. It has been proposed that the risk of urinary
tract infections is particularly relevant in hospitalized pa-
tients given that many of these patients have indwelling
urinary catheters [9]. However, the results of our meta-
analysis show that in the overall combined population,
there was no significant difference between the risk of uri-
nary tract infections and hypotension between patients
started on SGLT2i within 2 weeks of an acute admission
versus control.

Strengths and Limitations

To the best of our knowledge, this is the first meta-
analysis evaluating the initiation of SGLT2i within 2
weeks of an acute hospital admission. Given the numer-
ous benefits of SGLT2i reported in outpatient settings, it
is of interest to investigate if these effects can be repro-
duced in patients with a recent hospitalization without
compromising patient safety. Our meta-analysis helps
address these concerns by analyzing a wide spectrum of
efficacy and safety outcomes in patients initiated on
SGLT?2i within 2 weeks of an acute admission.

Our study should be interpreted keeping in mind the
following limitations. First, the number of studies that
were included for analysis of each outcome was few, rang-
ing from two to four studies per outcome, and is notably
dependent on the study by Bhatt et al. [13], the largest
study among the 9 studies we have included in our meta-
analysis; this study had an overall sample size of 1,222
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patients compared to the average sample size of 67 pa-
tients (range 42-100) in the other studies. Thus, overall
effect measures obtained from our analysis are limited in
robustness and should be interpreted with caution. Fu-
ture clinical trials are required to expand the existing evi-
dence pool. Second, the included studies had notable dif-
ferences in their population (e.g., reason for hospital ad-
mission), intervention (e.g., type of SGLT2i, length of
administration of the drug), and duration of follow-up.
These factors can contribute to differences in outcomes
of each study. While subgroup analysis for heart failure
patients was performed in our meta-analysis, the same
analysis for other population subtypes, such as patients
who are frail or of advanced age, could not be done due
to the scarcity of similar studies. This must be taken into
consideration as patients who are frail or of advanced age
are typically more susceptible to the adverse effects of
medications, and hence, the promising results on the
safety of SGLT2i initiation shown in our analysis may not
be applicable to these unique populations. Future studies
with subgroup analyses of other population subtypes are
needed when more such studies become available.

Conclusion

Despite the various adverse effects of SGLT2i reported
in the literature, available evidence from clinical trials
shows that there was no increased harm with SGLT2i ini-
tiation within 2 weeks of an acute hospital admission
compared to controls, and SGLT2i can reduce the relative
risk of rehospitalizations for heart failure in the subgroup
of patients with heart failure. SGLT2i use was also associ-
ated with an increase in urine output. However, current
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