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Abstract: Sodium-glucose cotransporter-2 (SGLT2) inhibitors are a novel class of antidiabetic media-
tions found to also reduce cardiovascular morbidity and mortality and hospitalization for heart failure.
Positive results from the EMPEROR-Preserved (empagliflozin) and PRESERVED-HF (dapagliflozin)
studies led to recommendations for SGLT2 inhibitors in HFpEF within major international heart
failure guidelines. However, studies of ipragliflozin and luseogliflozin, agents approved outside
the United States (U.S.), reported different outcomes relative to pivotal trials and failed to realize
benefits in the HFpEF population. Varying definitions of HFpEF and outcomes studied complicate the
interpretation of study results. SGLT2 inhibitors may cause common adverse events (genital mycotic
infections, volume depletion) in addition to rare but severe sequela, including euglycemic diabetic
ketoacidosis, Fournier’s gangrene, and lower limb amputation. While evidence of CV benefits grows,
SGLT2 inhibitor prescribing has lagged, particularly among patients without diabetes. In the U.S.,
high cost and administrative hurdles may contribute to decreased patient and clinician uptake of this
drug class. Future trial results and clinical experience with SGLT2 inhibitors may lead to expanded
use and greater uptake among patients with heart failure.

Keywords: heart failure; sodium-glucose transporter 2; dapagliflozin; empagliflozin; ertugliflozin;
canagliflozin

1. Background

Sodium-glucose co-transporter 2 (SGLT2) inhibitors are a class of oral medications
originally utilized as antidiabetic drugs. SGLT2 proteins, expressed on the proximal renal
tubule, mediate glucose reabsorption from the glomerular filtrate back into the circulation.
By inhibiting this transporter, SGLT2 inhibitors increase urinary glucose excretion, thereby
reducing blood glucose [1]. The first SGLT2 inhibitor, canagliflozin, was approved by the
United States (U.S.) Food and Drug Administration (FDA) in 2013 for adults with type
2 diabetes mellitus (T2DM). Dapagliflozin and empagliflozin were FDA-approved in 2014,
followed by ertugliflozin in 2017 [2]. A list of U.S. FDA-approved SGLT2 inhibitors can be
found in Table 1.
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Table 1. Summary of FDA-approved SGLT2 inhibitors.

Generic Name Brand Name Dose (mg) Frequency FDA-Approved Indication(s)

Canagliflozin Invokana® 100, 300

Once daily

Type 2 diabetes mellitus

Dapagliflozin Farxiga® 5, 10
Type 2 diabetes mellitus,
Chronic kidney disease,

Heart failure with reduced ejection fraction

Empagliflozin Jardiance® 10, 25 Type 2 diabetes mellitus,
Heart failure with preserved or reduced ejection fraction

Ertugliflozin Steglatro® 5, 15 Type 2 diabetes mellitus

2. Transition into Cardiovascular Space

Following approval for T2DM, researchers sought to investigate the cardiovascular
safety benefits of SGLT2 inhibitors, as the effects on cardiovascular morbidity and mor-
tality were unknown. The EMPA-REG OUTCOME investigators evaluated empagliflozin
compared to placebo in patients with T2DM and cardiovascular disease. This multicenter
trial spanned 42 countries and observed patients for a median time of approximately three
years. The primary composite outcome was death from cardiovascular causes, nonfa-
tal myocardial infarction, or nonfatal stroke. Overall, the primary outcome occurred in
10.5% of patients receiving empagliflozin and 12.1% of patients in the placebo group (HR
0.86; 95.02% CI 0.74 to 0.99; p = 0.04 for superiority). While this study did not identify
significant differences in rates of myocardial infarction or stroke, researchers observed
significantly lower rates of death from cardiovascular causes and hospitalization for heart
failure. Overall, this study provided evidence that use of empagliflozin was associated with
a cardiovascular risk reduction in patients with T2DM [3]. Similarly, the DECLARE-TIMI 58
investigators evaluated dapagliflozin versus placebo in patients with T2DM and atheroscle-
rotic cardiovascular disease. Investigators examined a primary safety outcome of major
adverse cardiovascular events (MACE), and dapagliflozin demonstrated noninferiority
compared to placebo. The primary efficacy outcomes evaluated MACE and a composite of
cardiovascular death or hospitalization for heart failure. While use of dapagliflozin did not
reduce MACE, this group did have a significantly lower composite rate of cardiovascular
death or hospitalization for heart failure (4.9% vs. 5.8%; HR, 0.83; 95% CI, 0.73 to 0.95;
p = 0.005). This efficacy finding primarily reflects lower rates of hospitalization for heart
failure, as there was not a significant difference seen in cardiovascular death alone [4].
Results from this trial further added to evidence regarding the benefit of SGLT2 inhibitors
in cardiovascular disease, namely in the setting of heart failure.

Canagliflozin and ertugliflozin also sought to evaluate cardiovascular outcomes in
patients with T2DM and cardiovascular disease or risk factors via the CANVAS trial
and VERTIS-CV trial, respectively [5,6]. The CANVAS trial enrolled patients with T2DM
and established cardiovascular disease or two or more cardiovascular risk factors and
had a median observation time of 3.6 years. The primary outcome, composite of death
from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke, occurred in
26.9 versus 31.5 participants per 1000 patient years (HR 0.86; 95% CI 0.75 to 0.97; p < 0.001 for
noninferiority; p = 0.02 for superiority). Each individual component of the primary outcome,
however, did not reach statistical significance. The results also demonstrated that patients
treated with canagliflozin had a lower risk of hospitalization for heart failure, though based
on the pre-specified analysis, this finding was not considered to be statistically significant [5].
The VERTIS-CV trial found ertugliflozin was noninferior compared to placebo regarding
its primary composite outcome of death from cardiovascular causes, nonfatal myocardial
infarction, or nonfatal stroke [6]. The key secondary outcome, composite incidence of
cardiovascular death or hospitalization for heart failure, did not differ significantly between
the trial groups, a finding that differed compared to the previous studies evaluating SGLT2
inhibitors in cardiovascular outcomes. The individual outcome, hospitalization for heart
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failure, however, was shown to be lower in the ertugliflozin group (2.5% vs. 3.6%; HR 0.70
[0.54–0.90]), though it was not tested significantly.

With large clinical trials indicating a reduced risk of hospitalization for heart failure
with SGLT2 inhibitor therapy, the DAPA-HF Trial Committees, and Investigators sought to
explore the effect of dapagliflozin use in patients with New York Heart Association (NYHA)
class II–IV heart failure and a reduced ejection fraction (≤40%). Only 45% of the patients
enrolled had a diagnosis of T2DM. Over a median time of approximately 18.2 months,
the primary outcome, a composite of worsening heart failure or cardiovascular death,
occurred in 16.3% of patients in the dapagliflozin group and 21.2% of patients in the
placebo group (HR, 0.74; 95% CI 0.65 to 0.85; p < 0.001) [7]. This trial demonstrated the
benefit of dapagliflozin in heart failure with reduced ejection fraction (HFrEF), regardless
of diabetes status, and subsequently led to this agent’s FDA-approval for this broadened
indication in May 2020. Dapagliflozin was the first agent in its class to be approved for
HFrEF [8].

Empagliflozin was the next medication in this class to receive FDA approval for HFrEF
after findings from the EMPEROR-Reduced Trial. This large, randomized controlled trial
evaluated empagliflozin in patients with NYHA class II–IV heart failure and an ejection
fraction (≤40%). Cardiovascular death or hospitalization for worsening heart failure,
occurred in 19.4% of patients in the empagliflozin group compared to 24.7% of patients in
the placebo group (HR 0.75; 95% CI, 0.65 to 0.86; p < 0.001) [9]. Meta-analysis findings have
aligned with these results, demonstrating improved survival and reduced hospitalizations
for heart failure with SGLT2 inhibitors [10].

With the mounting evidence supporting SGLT2 inhibitor use in the setting HFrEF,
clinical practice guidelines for the management of heart failure were updated to incorporate
recommendations for use of these agents. The guidelines include a Class 1 recommendation,
“In patients with symptomatic chronic HFrEF, SGLT2 inhibitors are recommended to reduce
hospitalization for HF and cardiovascular mortality, irrespective of the presence of type
2 diabetes”. This statement was supported by a Level A quality of evidence [11].

3. SGLT2 Inhibitors in Heart Failure with Preserved Ejection Fraction

The elucidated cardiovascular benefits and efficacy in heart failure with reduced ejec-
tion fraction catalyzed further investigation regarding the class’s benefit in heart failure
with preserved ejection fraction (HFpEF). The definition of HFpEF has been inconsistently
categorized as an ejection fraction of >40%, >45%, or ≥50%. Classically, guideline-directed
therapy management in HFpEF included optimal control of hypertension, diabetes, and/or
cardiovascular disease. Though unclear, there are various molecular and cellular mecha-
nisms by which the SGLT2 inhibitors may work in HFpEF, including:

• Decreased preload (through renal glucose excretion leading to natriuresis and osmotic
diuresis) and decreased afterload (through reduced blood pressure and improved
vascular function) [12–16];

• Reduced pulmonary artery pressure [13];
• Improved cardiac metabolism and bioenergetics [7,13–15,17,18];
• Inhibition of Na+/H+ exchanger [15,17];
• Reduced left ventricular hypertrophy [14,15];
• Decreased uric acid (marker of oxidative stress) [13–16];
• Reduced necrosis and cardiac fibrosis [15,17];
• Reduced inflammation [13,15,16,18,19];
• Improved insulin sensitivity [13];
• Weight loss [13,14].

In addition, the positive impact of SGLT2 inhibitors on hypertension, diabetes, and
chronic inflammation are beneficial, as all are major risk factors for HFpEF [18].
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4. Landmark Trials in HFpEF
4.1. EMPEROR-Preserved

Large trials have studied the effect of various SGLT2 inhibitors on outcomes in patients
with HFpEF. The first to be published, in October 2021, was The Empagliflozin Outcome
Trial in Patients with Chronic Heart Failure with Preserved Ejection Fraction (EMPEROR-
Preserved) [12]. This study was a randomized, double-blind, placebo-controlled, event-
driven, international trial that examined the impact of empagliflozin on major heart
failure outcomes in patients with HFpEF, regardless of diabetes mellitus. Patients with
LVEF > 40%, New York Heart Association (NYHA) functional class II to IV for ≥3 months
prior to enrollment, elevated N-terminal pro–B-type natriuretic peptide (NT-proBNP) ad-
justed for atrial fibrillation, either structural heart disease within 6 months or heart failure
hospitalization within 12 months, and on a steady dose of oral diuretics, if prescribed, were
included. They were randomized in a 1:1 ratio to empagliflozin 10 mg once daily (n = 2997)
or placebo (n = 2991) plus usual therapy for a median follow up period of 26.2 (IQR,
18.1–33.1) months. The mean patient age was 72 years and 45% were women. Two thirds
had a LVEF ≥ 50%, the median LVEF was 54%, and approximately half of the patients had
diabetes and an eGFR < 60 mL/min/1.73 m2 at baseline.

Empagliflozin significantly reduced the primary outcome, a composite of cardiovascu-
lar death or hospitalization for heart failure, which occurred in 415 patients (13.8%) in the
empagliflozin group and 511 patients (17.1%) taking placebo (HR, 0.79; 95% CI, 0.69–0.90;
p < 0.001). The number needed to treat to prevent one primary outcome event was 31
(95% CI, 20–69). The primary composite outcome was primarily led by a lower risk of
hospitalization for heart failure which occurred in 259 patients (8.6%) and 352 patients
(11.8%) in the empagliflozin and placebo groups, respectively (HR, 0.71; 95% CI, 0.60–0.83).
The primary outcome benefit was consistent in those with or without diabetes and the
pre-specified ejection fraction subgroups; however, the benefit seemed slightly lessened
among patients with LVEF ≥ 60%. There was a nonsignificant 9% lower risk of cardiovas-
cular death with empagliflozin (7.3% vs. 8.2%; HR, 0.91; 95% CI, 0.76–1.09) and no effect
on all-cause mortality (14.1% vs. 14.3%; HR, 1.00; 95% CI, 0.87–1.15). Empagliflozin use
also caused a significant reduction in total HF hospitalizations (HR 0.73; 95% CI, 0.61–0.88;
p < 0.001) and decrease in the slope of the eGFR decline (−1.25 ± 0.11 vs. −2.62 ± 0.11;
p < 0.001) [12]. Pre-specified secondary analysis showed the benefit of empagliflozin on
the primary outcome was not significantly different between patients using or not using
mineralocorticoid receptor antagonist (MRA) at baseline [20].

To summarize, the EMPEROR-Preserved trial revealed that empagliflozin is superior
to placebo in lowering the risk of cardiovascular death and hospitalization in patients
with or without diabetes and symptomatic stable HFpEF (EF > 40%). These findings
were groundbreaking for the management of HfpEF as this was the first trial to meet its
primary endpoint, show clinically meaningful results, and lead to a new treatment option
for this population.

4.2. DELIVER

Results from the Dapagliflozin Evaluation to Improve the Lives of Patients with Pre-
served Ejection Fraction Heart Failure (DELIVER) study expanded the role of dapagliflozin
to those with HfpEF [19]. DELIVER was a randomized, double-blind, placebo-controlled,
event-driven, international trial designed to study the effect of dapagliflozin in reducing the
composite of cardiovascular death or heart failure events (hospitalizations or urgent visits).
Patients with or without T2DM, with LVEF > 40% and evidence of structural heart disease,
and NYHA class II to IV were included. A total of 6263 patients were randomized in a 1:1
ratio to dapagliflozin 10 mg once daily or placebo in addition to concomitant standard of
care for up to approximately 39 months [21]. The mean patient age was 72 years and 44%
were women. Sixty-six percent of patients had an LVEF ≥ 50%, the mean LVEF was 54.2%;
44.8% had T2DM and 50.1% had eGFR ≥ 60 mL/min/1.73 m2 at baseline [19,22].
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The DELIVER study results were recently published and showed that dapagliflozin
significantly reduced the primary outcome, which occurred in 512 patients (16.4%) in the
treatment group and 610 patients (19.5%) in the placebo group (HR, 0.82; 95% CI, 0.73–0.92;
p < 0.001) over a median of 2.3 years. Worsening heart failure occurred in 368 patients
(11.8%) and 455 patients (14.5%) in the dapagliflozin and placebo groups, respectively
(HR, 0.79; 95% CI, 0.69–0.91). The primary outcome benefit was consistent among the pre-
specified subgroups, including those with or without diabetes and by LVEF (LVEF ≥ 60%
and <60%). The risk of death from cardiovascular causes (HR, 0.88; 95% CI, 0.74–1.05)
and all causes (HR, 0.94; 95% CI, 0.83–1.07) was not significantly reduced. This clinically
meaningful evidence substantiates the use of SGLT2 inhibitors in HFpEF.

5. Impact of SGLT2 Inhibitors on Clinical Symptoms in HFpEF
5.1. PRESERVED-HF

Findings related to the impact of SGLT2 inhibitors on the burden of HFpEF are also
supportive. Dapagliflozin in Preserved Ejection Fraction Heart Failure (PRESERVED-
HF) [13], a randomized, double-blind trial of patients with HFpEF (LVEF ≥ 45%), sought
to determine if dapagliflozin would improve Kansas City Cardiomyopathy Questionnaire
(KCCQ) Clinical Summary Score (KCCQ-CS) compared to placebo. The KCCQ is a patient-
reported measure of heart failure symptoms and physical limitations using seven domains
(physical limitations, symptom stability, symptom frequency, symptom burden, quality of
life, self-efficacy, and social limitations) which are scaled from 0 to 100 points. The symptom
frequency and symptom burden domains are joined to determine the total symptom score
(TSS); combining symptom frequency, symptom burden, and physical limitation determines
the clinical summary score (CS). Lower scores represent more severe symptoms and/or
limitations, whereas higher scores indicate better health-related quality of life. A change of
five points is considered to be clinically meaningful [23].

In the PRESERVED-HF study, patients were randomized to dapagliflozin (n = 162) or
placebo (n = 162) for 12 weeks. The median patient age was 70 years and 57% were women.
Median LVEF was 60% and 56% had T2DM. The baseline KCCQ-CS was 63.4 ± 19.7 in
the dapagliflozin group and 61.8 ± 20.3 in the placebo group. The study was powered to
detect a 4.7-point change in mean KCCQ-CS between groups at 12 weeks. Dapagliflozin
improved symptoms and physical limitations, measured by KCCQ-CS at 12 weeks (effect
size, 5.8 points; 95% CI, 2.3–9.2; p = 0.001). Findings were consistent within pre-specified
subgroups, including baseline LVEF ≤ 60% or >60% [13]. By showing significantly im-
proved symptoms and physical limitations, the results from the PRESERVED-HF trial help
to support the use of SGLT2 inhibitors for the management of HFpEF.

5.2. CHIEF-HF

Though canagliflozin is not currently FDA-approved for heart failure, researchers
sought to investigate this agent’s impact on symptoms of HFpEF. The Kansas City Car-
diomyopathy Questionnaire (KCCQ) Total Symptom Score (TSS) was also explored in
A Study on Impact of Canagliflozin on Health Status, Quality of Life, and Functional
Status in Heart Failure (CHIEF-HF) [24], a randomized, double-blind, placebo-controlled,
decentralized, virtual study conducted in the U.S. Stratified by ejection fraction (HFrEF,
EF < 40%; HFpEF, EF > 40%), patients were randomized in a 1:1 ratio to canagliflozin
100 mg daily (n = 222) or matching placebo (n = 226) for 12 weeks. The mean patient age
was 63.4 years and 45% were women. Sixty percent of patients had HFpEF and 28% had
T2DM. The baseline KCCQ TSS was 57.4 ± 21.3 in the canagliflozin group and 58 ± 21.1
in the placebo group. The study was powered to detect a mean change from baseline of
3 points in the KCCQ TSS between the two groups at 12 weeks and enrollment was stopped
early by the sponsor. At 12 weeks, KCCQ TSS scores improved to 67.1 ± 22 and 63.2 ± 22
in the canagliflozin and placebo groups, respectively. The mean difference in change at
12 weeks was 4.3 points (95% CI, 0.8–7.8; p = 0.016) and canagliflozin was determined to be
superior to placebo in helping patient-reported heart failure symptoms. Similar findings
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were observed in patients regardless of type of heart failure (HFpEF LS mean difference 4.5;
95% CI, −0.3–9.4) or diabetes status [24]. The findings from this study impact the care of
patients with HFpEF and further add to literature regarding the SGLT2 inhibitors’ impact
on symptoms and quality of life.

6. Globally Approved SGLT2 Inhibitors

Findings from large trials regarding the benefits of SGLT2 inhibitors in HFpEF are also
supported by globally used products. Sotagliflozin is a dual sodium-glucose co-transporter-
2 and 1 (SGLT2/1) inhibitor that is no longer authorized for marketing in the European
Union [25], The Effect of Sotagliflozin on Cardiovascular Events in Patients with Type
2 Diabetes Post Worsening Heart Failure (SOLOIST-WHF Trial) was a randomized, double-
blind, placebo-controlled, event driven trial evaluating the safety and efficacy of SGLT2
inhibitors in patients with type 2 diabetes and recent hospitalization for worsening heart
failure [14]. Patients were randomized to sotagliflozin 200 mg once daily (with possible up
titration to 400 mg) (n = 608) or placebo (n = 614) for a median follow up of 9 months. The
median patient age was 70 years and 33.7% were women. Seventy nine percent of patients
had a LVEF < 50%; the median LVEF was 35%.

Sotagliflozin initiated before or shortly after discharge resulted in a significantly
lower total number of cardiovascular deaths and hospitalizations and urgent visits for
heart failure (245 events) than placebo (355 events) (51 vs. 76.3 events per 100 patient
years; HR 0.67, 95% CI, 0.52–0.85; p < 0.001). The primary outcome finding was primarily
driven by reduced hospitalizations and urgent visits (40.4% vs. 63.9%; HR 0.64; 95% CI,
0.49 to 0.83). The finding was consistent among the subgroup of patients with preserved
left ventricular ejection fraction (LVEF ≥ 50%) with 30.6 vs. 64 events per 100 patient years
in the sotagliflozin and placebo groups, respectively (HR 0.48; 95% CI, 0.27–0.86); however,
early trial termination due to loss of funding and the small subgroup sample (n = 256) limit
sound conclusions for this population. The trial, however, did not show a reduction in rate
of cardiovascular death or death from any cause [14]. In brief, SOLOIST-WHF is significant
and impacts clinical practice as it was the first trial to show that SGLT2/1 inhibitors are
effective and safe for use in those with T2DM, reduced or preserved ejection fraction heart
failure, and recent heart failure admission.

Ipragliflozin and luseogliflozin are other SGLT2 inhibitors approved outside the U.S.
for the treatment of T2DM. These agents have been evaluated in the setting of HFpEF;
however, studied other primary outcomes as compared to the previously mentioned land-
mark trials. The EXCEED study was an open-label, multicenter, randomized, two-arm
interventional trial that compared changes in diastolic function in 68 Japanese patients
with T2DM and HFpEF (≥50%). Results showed no improvement in left ventricular dias-
tolic function at 24-weeks with ipragliflozin versus conventional treatment, though study
limitations impact generalizability [26]. Luseogliflozin’s effect on HFpEF (LVEF > 45%) in
173 patients with diabetes mellitus was evaluated in the open-label, multicenter, random-
ized MUSCAT-HF trial. Results showed no significant difference in the amount of reduction
in BNP concentrations, a surrogate biomarker, after 12 weeks between luseogliflozin and
voglibose [27]. Study design limitations and lack of statistical power impact these find-
ings [27]. These trials did not identify a benefit of these SGLT2 inhibitors in HFpEF based
on their respective primary outcomes; however, their impact on hospitalizations for heart
failure are not known and further studies are needed.

7. Study Comparison

The EMPEROR-Preserved and DELIVER trials are large landmark trials with similar
designs that will establish the role of empagliflozin and dapagliflozin in patients with
HFpEF. The DELIVER trial is unique in its inclusion of patients with heart failure with
recovered ejection fraction (patients with any prior LVEF ≤ 40%) and those with acute
decompensated heart failure requiring intravenous heart failure therapies or mechanical
support [22]. It is important to know that the definition of HFpEF varies in trials with



Pharmacy 2022, 10, 166 7 of 15

study eligibility at LVEF > 40%, ≥45%, and >50% for the EMPEROR-Preserved [12] and
DELIVER [22], PRESERVED-HF [13], and SOLOIST-WHF [14] trials, respectively. Select
baseline characteristics are detailed in Table 2 and the use of concomitant evidence-based
heart failure therapies is compared in Table 3. Across the trials, patients were similar
in age and predominantly of White race. The majority of patients were also taking an
angiotensin-converting enzyme inhibitor (ACE) or angiotensin receptor blocker (ARB);
mineralocorticoid receptor antagonist (MRA) use was greatest in the SOLOIST-WHF trial.
Primary efficacy outcomes for the trials are summarized in Tables 4 and 5.

Table 2. Baseline Characteristics in Landmark Clinical Trials Evaluating SGLT2 inhibitors in Heart
Failure with Preserved Ejection Fraction.

Characteristic

EMPEROR-
Preserved

[12]

PRESERVED-
HF [13]

SOLOIST
-WHF [14]

DELIVER
[21,22] CHIEF-HF [24]

Empagliflozin
(n = 2997)

Dapagliflozin
(n = 162)

Sotagliflozin
(n = 608)

Dapagliflozin
(n = 3131)

Canagliflozin
(n = 222)

Age—yr 71.8 ± 9.3 a 69 (64–77) b 69 (63–76) b 71.8 ± 9.6 a 62.9 ± 13.19 a

Female sex c 1338 (44.6) 92 (56.8) 198 (32.6) 1364 (43.6) 104 (46.8)

Male sex c

White race c 2286 (76.3) 108 (67.1) 567 (93.3) 2214 (70.7) 182 (82.0)

Black or African American race c 133 (4.4) 50 (31.1) 25 (4.1) 81 (2.6) 35 (15.8)

North America Location c 360 (12.0) 39 (6.4) 428 (13.7)

NYHA I c 3 (0.1)

NYHA II c 2432 (81.1) 96 (59.3) 2314 (73.9)

NYHA III c 552 (18.4) 65 (40.1) 807 (25.8)

NYHA IV c 10 (0.3) 10 (0.3)

LVEF—% 54.3 ± 8.8 a 60 (55–65) b 35 (28–47) b 54.0 ± 8.6 a

LVEF > 40% to <50% c 995 (33.2)

LVEF < 50% c 481 (79.1) 1067 (34.1)

LVEF ≥ 50% to <60% c 1028 (34.3) 1133 (36.2)

LVEF ≥ 60% c 974 (32.5) 931 (29.7)

NT-proBNP—pg/mL b 994 (501–1740) 641 (373–1210) 1816.8
(854.7–3658.5)

Hospitalization for heart failure
during previous 12 months c 699 (23.3)

Previous hospitalization for
heart failure c 98 (60.5)

Diabetes mellitus history c 1466 (48.9) 90 (55.6) 1401 (44.7) 66 (29.7)

eGFR—mL/min/1.73 m2 60.6 ± 19.8 a 56 (42–69) b 49.2 (39.5–61.2) b 61 ± 19 a

eGFR < 60 mL/min/1.73 m2,d 1504/2997 (50.2)

eGFR ≥ 60 mL/min/1.73 m2,c 3138 (50.1)

eGFR = estimated glomerular filtration rate; NT-proBNP = N-terminal pro B-type natriuretic peptide NYHA
= New York Heart Association; LVEF = left ventricular ejection fraction. a mean ± SD. b median (IQR). c number
(percent). d number/total number (percent).
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Table 3. Concomitant Medications in Landmark Trials Assessing the Efficacy of SGLTi in Heart
Failure with Preserved Ejection Fraction.

Drug Class PRESERVED-HF [13] SOLOIST-WHF [14] DELIVER [21,22] EMPEROR-Preserved [28]

ACEi, %
61 a

41 33 40

ARB, % 42 34 39

ARNI, % 2 17 4 2

MRA, % 36 65 39 37

ACE = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; ARNI = angiotensin
receptor-neprilysin inhibitor; MRA = mineralocorticoid receptor antagonist. a Reported as ACEi/ARB.

Table 4. Summary of Efficacy Outcomes in Landmark Trials Evaluating SGLT2 inhibitors in Heart
Failure with Preserved Ejection Fraction.

Composite of
CV Death or HF
Hospitalization

Composite of
Worsening HF

(Hospitalization or
Urgent Visit) or

CV Death

Composite of CV
Death and HF

Hospitalizations
and Urgent Visits

First HF Hospi-
talization CV Death Any Death

EMPEROR-
Preserved [12]

(N = 5988)

HR 0.79;
95% CI, 0.69–0.90;

p < 0.001

HR 0.71;
95% CI,

0.60–0.83

HR 0.91;
95% CI,

0.76–1.09

HR 1.00;
95% CI,

0.87–1.15

SOLOIST-WHF
[14]

(N = 1222)

HR 0.67;
95% CI, 0.52–0.85;

p < 0.001

HR 0.84;
95% CI,

0.58–1.22

HR 0.82;
95% CI,

0.59–1.14

DELIVER [21]
(N = 6263)

HR 0.82;
95% CI, 0.73–0.92;

p < 0.001

HR 0.88;
95% CI,

0.74–1.05

HR 0.94;
95% CI,

0.83–1.07

CV = cardiovascular; HF = heart failure.

Table 5. Summary of Clinical Symptom Outcomes in Landmark Trials Evaluating SGLT2 inhibitors
in Heart Failure with Preserved Ejection Fraction.

KCCQ-CS at 12 Weeks KCCQ TSS at 12 Weeks

PRESERVED-HF [13]
(N = 324)

Effect size, 5.8 points;
95% CI, 2.3–9.2; p = 0.001

CHIEF-HF [24]
(N = 448)

Mean difference, 4.3 points;
95% CI, 0.8–7.8; p = 0.016

KCCQ-CS = Kansas City Cardiomyopathy Questionnaire Clinical Summary Score; KCCQ TSS = Kansas City
Cardiomyopathy Questionnaire Total Symptom Score.

8. Real World Evidence

Using a Swedish heart failure registry, Thorvaldsen et al. showed that real-world
eligibility for empagliflozin and dapagliflozin in the heart failure population ranges from
30–50% when applying clinical trial selection criteria, is 75% using a pragmatic, “clinically
relevant” approach, and 74–81% when applying regulatory labelling. The authors hope
this data can contribute to future heart failure trial design and inclusion criteria [28].
Additionally, the EMPULSE trial was designed to address providers’ reluctance to prescribe
SGLT2 inhibitors in the acute setting, despite supportive results for chronic heart failure. It
was a double-blind, randomized, trial in 530 patients hospitalized with acute heart failure.
The primary endpoint was a composite of death from any cause, number of heart failure
events, time to first heart failure event, and the change in baseline KCCQ TSS. The study
showed that empagliflozin 10 mg once daily provided statistically significant and clinically
meaningful benefit in patients hospitalized with heart failure, regardless of ejection fraction
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or diabetes status, within 90 days after randomization. Specifically, empagliflozin treated
patients were 36% more likely to see the clinical benefit compared to placebo (stratified win
ratio, 1.36; 95% CI, 1.09–1.68; p = 0.0054), supporting initiation of empagliflozin in addition
to standard care in patients hospitalized for acute heart failure [29].

9. SGLT2 Inhibitor Place in Therapy: HFpEF

The 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure recom-
mends that SGLT2 inhibitors “can be beneficial in decreasing HF hospitalizations and
cardiovascular mortality” in patients with HFpEF (LVEF ≥ 50%) (Class of Recommenda-
tion 2a) [11]. Trials with SGLT2 inhibitors in HFpEF were ongoing at the time of the latest
European Society of Cardiology (ESC) Guideline publication (2021); therefore, no specific
recommendations for this population were made [30]. Empagliflozin is FDA-approved in
the U.S. and EMA-authorized in Europe for HFpEF at a dose of 10 mg once daily [31,32].
At the time of writing, dapagliflozin has an “off-label” use in the U.S. for HFpEF in combi-
nation with other evidence-based therapies at a dose of 10 mg once daily [13].

10. Safety Considerations

Common adverse events (AE) reported with SGLT2 inhibitor use include increased
risk of infections (genital and mycotic) and volume depletion [33]; some of these events
are driven by physiological glycosuria induced during SGLT2 inhibitor therapy and may
be the impetus for therapy discontinuation in some. Interestingly, common AEs were not
described in the EMPEROR-Preserved trial, though Nassif and colleagues’ open label study
saw about 11.1% of patients randomized to dapagliflozin for HFpEF has AEs contributing
to discontinuation [13]. Moreover, an analysis of the UK CPRD primary care database found
an increased risk genital infection with SGLT2 inhibitors compared to DPP4 inhibitors (HR
3.64, 95% CI 3.23–4.11), though a similar magnitude of discontinuation risk within the
first year compared to DPP4 inhibitors [34]. More rare and serious adverse events have
been documented in pivotal randomized controlled trials and further explored in reports
throughout the literature ranging from case studies to registry analyses.

11. Euglycemic Diabetic Ketoacidosis

The U.S. FDA publicly recognized the potential of euglycemic diabetic ketoacidosis
(euDKA) with SGLT2 inhibitors in a Drug Safety Communication published in 2015 based
on postmarketing surveillance data obtained through the FDA Adverse Event Reporting
System (FAERS) database [35]. Defined as diabetic ketoacidosis with plasma glucose levels
< 300 mg/dL, euDKA occurs in patients on SGLT2 inhibitors due to a potent augmen-
tation of the urinary glucose clearance rate. Whereas both conditions stimulate ketosis
through a lower insulin-to-glucagon ratio, SGLT2-induced euDKA is characterized by
a nearly doubled renal glucose clearance rate [36]. The estimated risk of acidosis varies
depending on study design but has been reported to range from 3.7 times greater than
other antihyperglycemics based on meta-analysis of published literature on euDKA related
to SGLT2 inhibitors to 14 times greater than dipeptidyl peptidase 4 (DPP4) inhibitors from
analysis of the FAERS database [37,38]. Clinically, patients should be closely monitored
in circumstances of heightened risk of ketoacidosis (e.g., reduce oral intake, insulin re-
ductions, illness), which may also necessitate temporarily discontinuing SLGT2 inhibitors
(e.g., perioperatively).

12. Fournier’s Gangrene

The U.S. FDA also announced a warning in 2018 of cases of Fournier’s gangrene
among patients taking SGLT2 inhibitors, necessitating inclusion of this adverse effect into
their medication guides [39] Since the initial case reports submitted to the FDA, multiple
randomized controlled trials have tracked the incidence of Fournier’s gangrene. One meta-
analysis of 84 trials, enrolling over 40,000 type 2 diabetic patients found no difference in
the incidence of this adverse effect compared to placebo or other antidiabetic comparators
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(OR 0.90, 95% CI 0.71–1.13) [40]. An analysis of the IBM MarketScan commercial insurance
database in the U.S. also failed to identify a significantly higher adjusted risk of Fournier’s
gangrene compared to DPP4 inhibitor use (aHR 0.25, 95% CI 0.04–1.74); however, a higher
point estimate of risk was noted compared to all non-SGLT2 inhibitor antihyperglycemic
medications across diagnosis settings (aHR 1.80, 95% CI 0.53–6.11), leading the authors to
conclude uncertainty exists in the risk of this infection against the backdrop of non-SGLT2
inhibitor antidiabetic medications [41].

13. Lower Limb Amputation

The pivotal CANVAS study of canagliflozin was the first study to mark a higher risk
of lower limb amputation (HR 1.97, 95% CI: 1.41–2.75), which led to the issuance of a black
box warning (BBW) on its prescribing information for this adverse effect [5]. As of 2020,
no SGLT2 inhibitor carries a BBW for lower limb amputation as the BBW was removed
following additional data availability. Meta-analyses of available RCTs and observational
studies of SGLT2 inhibitors indicate no significant association between exposure and
amputation (RR 1.28, 95% CI: 0.93–1.76) using a random effects model; however, significant
heterogeneity was present (I2 = 62.0%) and subgroup analysis of canagliflozin vs. placebo
re-demonstrated an increased risk (RR 1.59, 1.26–2.01) [42]. Real-world data from multiple
U.S. administrative claims databases further support the claim that SGLT2 inhibitors do not
increase risk of lower amputations (HR 0.75, 95% CI: 0.40–1.41) [43]. Similarly, analysis of
over 3 million medical records found no increase in amputations between SGLT2 inhibitors
and incretins, instead seeing lower limb amputation risk driven by pre-existing peripheral
artery disease [44].

14. Patient Access Considerations
Prescribing Trends

Multiple studies ranging in scope from local health systems to large claims databases
have demonstrated low but growing community uptake of SGLT2 inhibitors across various
populations despite significant morbidity and mortality reduction associated with their use.
Using the IQVIA National Prescription Audit, Adhikari et al. reported a total of 63.2 million
prescriptions dispensed for SGLT2 inhibitors between January 2015 and December 2020 [45],
corresponding to an annual growth in prescriptions of 15.6% during this time frame.
From a different perspective, one analysis of a national cohort of U.S. clinicians servicing
Medicare beneficiaries saw SGLT2 inhibitor prescribing prevalence increase from 4.3% in
2014 to 19.5% in 2018 among metformin-prescribing providers, thus indicating over 80%
of providers did not write orders for this drug class. Of note, the percentage of clinicians
prescribing SGLT2 inhibitors increased between 2014 to 2018 across prescriber specialty,
with the largest gains among endocrinologists and cardiologists [46].

Low utilization of SGLT2 inhibitor therapy has also been described within the heart
failure population, despite recent FDA approval for this indication and first-line recom-
mendations from multinational heart failure guidelines. A review of prescribing patterns
among cardiologists at the University of Mississippi Medical Center between 2013 and 2019
found SGLT2 inhibitors prescribed in just 1.4% of patients with T2DM and cardiovascular
disease [47]. A drug utilization review of Optum Clinformatics insurance data found the
overall proportion of patients prescribed SGLT2 inhibitors with cardiovascular disease
or HF only increased by 3.4% from 2013 to 2018 [48]. Internationally, a cross-sectional
analysis of diabetic patients within a British general practice research database found only
11.0% of the population (N = 242,624) were prescribed an SGLT2 inhibitor of which just
4.3% possessed a comorbid heart failure diagnosis [49]. Similarly, low SGLT2 inhibitor
prescribing volume has been documented in the CKD population. Cross-sectional analysis
of the Mass General Brigham (MGB) CKD registry in 2021 found only 6% of patients with
comorbid diabetes and 0.3% of those without diabetes received a prescription [50].
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15. Insurance Coverage and Affordability

The low use of SGLT2 inhibitors may be due to multiple reasons stemming from both
prescriber perspectives such as unfamiliarity or clinical inertia to patient concerns over
health insurance coverage and affordability. Medication access varies with the structure and
administration of health care systems found across the globe, but formulary inclusion and
out-of-pocket (OOP) costs often impact availability and affordability for patients. Formulary
coverage varies in the U.S. depending on the payor; from the U.S. perspective, private
insurance and Medicare insurance enrollment is associated with improved medication
adherence relative to Medicaid or uninsured status [51].

Plan level analysis of commercial, employer-based, and U.S. Medicaid insurance plans
found broad coverage for at least one SGLT2 inhibitor and consistent cost-sharing strategies
for beneficiaries—co-payment (approximately $40) or co-insurance (between 20–40%). Pre-
requisites like prior authorizations or step therapy requirements were commonly employed
by Medicaid plans and commercial or employer-sponsored plans, respectively, which may
serve as barriers to prescribing [52]. A cross-sectional review of U.S. Medicare Part D plans
in the first quarter of 2019 saw widely disparate coverage of individual SGLT2 inhibitors
(empagliflozin at 95.4% to ertugliflozin at 5.5%, without prior authorization); despite high
coverage, the estimated median annual OOP costs for empagliflozin were $1097 (IQR,
$932–1271) [53]. In a single center analysis, researchers noted nearly 80% of cases required
provider interventions for insurance authorization, appeals, financial assistance, or side
effect management, and the median monthly cost for SGLT2 inhibitor and/or GLP-1 RA
therapy was $70.50 following insurance approvals [54]. Taken together, patients may still
face significant financial burdens from OOP costs despite seemingly adequate insurance
coverage of SGLT2 inhibitors.

While cost and insurance access may vary depending on individual plan specifics
and patient characteristics, we know higher incurred costs and lack of coverage negatively
impact medication adherence; any benefits attributed to medication therapy will not
fully materialize in circumstances of medication nonadherence. For instance, medication
nonadherence was reported by 52% of surveyed uninsured patients in one community
cross-sectional study in the state of Georgia [55]. Patients reporting insufficient financial
means are also more significantly likely to not take medication as prescribed (e.g., skip
doses, delay refills) [51]. Higher OOP costs have been tied to decreased adherence—one
study demonstrated decreased antidiabetic medication adherence after monthly costs
exceeded $33 [56].

To mitigate affordability concerns, manufacturers of SGLT2 inhibitors offer patient
assistance programs with varying eligibility criteria. Specific details with each program
vary depending on manufacturer, but most offer coupons or vouchers to assist patients
with commercial (non-government provided) insurance plans or to those meeting a finan-
cial threshold who are uninsured. No studies have been published to date specifically
reviewing outcomes with programs related to SGLT2 inhibitor medication access; however,
literature exists on the impact these programs provide in general. Enrollment in these
manufacturer-sponsored financial medication assistance programs significantly reduced
abandonment of an initial prescription fill (RR 0.12, 95% CI 0.08–0.18) and discontinuation
of therapy thereafter (HR 0.76, 95% CI 0.66–0.88) [57]. Similarly, pharmacy or clinic-based
medication assistance programs have also demonstrated the ability to improve outcomes
such as glycated hemoglobin and adherence in a meta-analysis of studies within a diabetic
population [58]. Some manufacturers also participate in the federal 340B Drug Pricing
Program, allowing safety-net hospitals (e.g., those with a disproportionate share of patients
without insurance or with Medicaid, and to rural hospitals) to purchase outpatient med-
ications at much lower prices. Overall, strategies to defray medication costs or expand
coverage would be anticipated to promote access and appropriate use of medications,
including SGLT2 inhibitors.
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16. Conclusions

SGLT2 inhibitors have altered the landscape of treatment options in patients with heart
failure with preserved ejection fraction. Sufficient data exist to support the incorporation
of these ground-breaking therapies to enhance patient outcomes. Strategies to promote
patient accessibility to these therapies should be considered a priority.

Author Contributions: All authors were involved in the concept and identification of data to be
included. L.B.-S., N.R. and J.G. extracted data and drafted the initial manuscript. All authors
reviewed, edited, and critically appraised content. L.B. prepared the final manuscript submission,
performed editing, and all authors approved. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No datasets were used to prepare this publication.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hsia, D.S.; Grove, O.; Cefalu, W.T. An update on sodium-glucose co-transporter-2 inhibitors for the treatment of diabetes mellitus.

Curr. Opin. Endocrinol. Diabetes Obes. 2017, 24, 73–79. [CrossRef] [PubMed]
2. National Institute of Diabetes and Digestive and Kidney Diseases. Story of Discovery: SGLT2 Inhibitors: Harnessing the Kidneys

to Help Treat Diabetes. Available online: https://www.niddk.nih.gov/news/archive/2016/story-discovery-sglt2-inhibitors-
harnessing-kidneys-help-treat-diabetes#:~{}:text=The%20first%20SGLT2%20inhibitor%20to,Jardiance%C2%AE)%20in%20
August%202014 (accessed on 26 May 2022).

3. Zinman, B.; Wanner, C.; Lachin, J.M.; Fitchett, D.; Bluhmki, E.; Hantel, S.; Mattheus, M.; Devins, T.; Johansen, O.E.;
Woerle, H.J.; et al. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N. Engl. J. Med. 2015, 373,
2117–2128. [CrossRef] [PubMed]

4. Wiviott, S.D.; Raz, I.; Bonaca, M.P.; Mosenzon, O.; Kato, E.T.; Cahn, A.; Silverman, M.G.; Zelniker, T.A.; Kuder, J.F.; Murphy, S.A.; et al.
Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N. Engl. J. Med. 2019, 380, 347–357. [CrossRef] [PubMed]

5. Neal, B.; Perkovic, V.; Mahaffey, K.W.; de Zeeuw, D.; Fulcher, G.; Erondu, N.; Shaw, W.; Law, G.; Desai, M.; Matthews, D.R.; et al.
Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N. Engl. J. Med. 2017, 377, 644–657. [CrossRef] [PubMed]

6. Cannon, C.P.; Pratley, R.; Dagogo-Jack, S.; Mancuso, J.; Huyck, S.; Masiukiewicz, U.; Charbonnel, B.; Frederich, R.; Gallo, S.;
Cosentino, F.; et al. Cardiovascular Outcomes with Ertugliflozin in Type 2 Diabetes. N. Engl. J. Med. 2020, 383, 1425–1435.
[CrossRef]

7. McMurray, J.J.V.; Solomon, S.D.; Inzucchi, S.E.; Kober, L.; Kosiborod, M.N.; Martinez, F.A.; Ponikowski, P.; Sabatine, M.S.; Anand,
I.S.; Belohlavek, J.; et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction. N. Engl. J. Med. 2019, 381,
1995–2008. [CrossRef]

8. U.S. Food & Drug Administration. FDA News Release: FDA Approves New Treatment for a Type of Heart Failure. Available
online: https://www.fda.gov/news-events/press-announcements/fda-approves-new-treatment-type-heart-failure (accessed
on 1 June 2022).

9. Packer, M.; Anker, S.D.; Butler, J.; Filippatos, G.; Pocock, S.J.; Carson, P.; Januzzi, J.; Verma, S.; Tsutsui, H.; Brueckmann, M.; et al.
Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure. N. Engl. J. Med. 2020, 383, 1413–1424. [CrossRef]

10. Zelniker, T.A.; Wiviott, S.D.; Raz, I.; Im, K.; Goodrich, E.L.; Bonaca, M.P.; Mosenzon, O.; Kato, E.T.; Cahn, A.; Furtado, R.H.M.; et al.
SGLT2 inhibitors for primary and secondary prevention of cardiovascular and renal outcomes in type 2 diabetes: A systematic
review and meta-analysis of cardiovascular outcome trials. Lancet 2019, 393, 31–39. [CrossRef]

11. Heidenreich, P.A.; Bozkurt, B.; Aguilar, D.; Allen, L.A.; Byun, J.J.; Colvin, M.M.; Deswal, A.; Drazner, M.H.; Dunlay, S.M.;
Evers, L.R.; et al. 2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure: A Report of the American College
of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation 2022, 145, e895–e1032.
[CrossRef]

12. Anker, S.D.; Butler, J.; Filippatos, G.; Ferreira, J.P.; Bocchi, E.; Bohm, M.; Brunner-La Rocca, H.P.; Choi, D.J.; Chopra, V.; Chuquiure-
Valenzuela, E.; et al. Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N. Engl. J. Med. 2021, 385, 1451–1461.
[CrossRef]

13. Nassif, M.E.; Windsor, S.L.; Borlaug, B.A.; Kitzman, D.W.; Shah, S.J.; Tang, F.; Khariton, Y.; Malik, A.O.; Khumri, T.; Umpierrez, G.; et al.
The SGLT2 inhibitor dapagliflozin in heart failure with preserved ejection fraction: A multicenter randomized trial. Nat. Med.
2021, 27, 1954–1960. [CrossRef]

http://doi.org/10.1097/MED.0000000000000311
http://www.ncbi.nlm.nih.gov/pubmed/27898586
https://www.niddk.nih.gov/news/archive/2016/story-discovery-sglt2-inhibitors-harnessing-kidneys-help-treat-diabetes#:~{}:text=The%20first%20SGLT2%20inhibitor%20to,Jardiance%C2%AE)%20in%20August%202014
https://www.niddk.nih.gov/news/archive/2016/story-discovery-sglt2-inhibitors-harnessing-kidneys-help-treat-diabetes#:~{}:text=The%20first%20SGLT2%20inhibitor%20to,Jardiance%C2%AE)%20in%20August%202014
https://www.niddk.nih.gov/news/archive/2016/story-discovery-sglt2-inhibitors-harnessing-kidneys-help-treat-diabetes#:~{}:text=The%20first%20SGLT2%20inhibitor%20to,Jardiance%C2%AE)%20in%20August%202014
http://doi.org/10.1056/NEJMoa1504720
http://www.ncbi.nlm.nih.gov/pubmed/26378978
http://doi.org/10.1056/NEJMoa1812389
http://www.ncbi.nlm.nih.gov/pubmed/30415602
http://doi.org/10.1056/NEJMoa1611925
http://www.ncbi.nlm.nih.gov/pubmed/28605608
http://doi.org/10.1056/NEJMoa2004967
http://doi.org/10.1056/NEJMoa1911303
https://www.fda.gov/news-events/press-announcements/fda-approves-new-treatment-type-heart-failure
http://doi.org/10.1056/NEJMoa2022190
http://doi.org/10.1016/S0140-6736(18)32590-X
http://doi.org/10.1161/CIR.0000000000001063
http://doi.org/10.1056/NEJMoa2107038
http://doi.org/10.1038/s41591-021-01536-x


Pharmacy 2022, 10, 166 13 of 15

14. Bhatt, D.L.; Szarek, M.; Steg, P.G.; Cannon, C.P.; Leiter, L.A.; McGuire, D.K.; Lewis, J.B.; Riddle, M.C.; Voors, A.A.; Metra, M.; et al.
Sotagliflozin in Patients with Diabetes and Recent Worsening Heart Failure. N. Engl. J. Med. 2021, 384, 117–128. [CrossRef]

15. Echouffo-Tcheugui, J.B.; Lewsey, S.C.; Weiss, R.G. SGLT2 inhibitors: Further evidence for heart failure with preserved ejection
fraction as a metabolic disease? J. Clin. Investig. 2021, 131, e156309. [CrossRef]

16. Packer, M. Differential Pathophysiological Mechanisms in Heart Failure with a Reduced or Preserved Ejection Fraction in Diabetes.
JACC Heart Fail. 2021, 9, 535–549. [CrossRef]

17. Verma, S.; McMurray, J.J.V. SGLT2 inhibitors and mechanisms of cardiovascular benefit: A state-of-the-art review. Diabetologia
2018, 61, 2108–2117. [CrossRef]

18. Cao, Y.; Li, P.; Li, Y.; Han, Y. Sodium-glucose cotransporter-2 inhibitors in heart failure: An updated meta-analysis. ESC Heart Fail.
2022, 9, 1942–1953. [CrossRef]

19. Solomon, S.D.; de Boer, R.A.; DeMets, D.; Hernandez, A.F.; Inzucchi, S.E.; Kosiborod, M.N.; Lam, C.S.P.; Martinez, F.; Shah, S.J.;
Lindholm, D.; et al. Dapagliflozin in heart failure with preserved and mildly reduced ejection fraction: Rationale and design of
the DELIVER trial. Eur. J. Heart Fail. 2021, 23, 1217–1225. [CrossRef]

20. Ferreira, J.P.; Butler, J.; Zannad, F.; Filippatos, G.; Schueler, E.; Steubl, D.; Zeller, C.; Januzzi, J.L.; Pocock, S.; Packer, M.; et al.
Mineralocorticoid Receptor Antagonists and Empagliflozin in Patients with Heart Failure and Preserved Ejection Fraction. J. Am.
Coll. Cardiol. 2022, 79, 1129–1137. [CrossRef]

21. Solomon, S.D.; McMurray, J.J.V.; Claggett, B.; Rudolf, A.; de Boer, M.D.; DeMets, D.; Hernandez, A.F.; Inzucchi, S.; Kosiborod,
M.N.; Lam, C.S.P.; et al. Dapagliflozin in Heart Failure with Mildly Reduced or Preserved Ejection Fraction. N. Engl. J. Med. 2022,
387, 1089–1098. [CrossRef]

22. Solomon, S.D.; Vaduganathan, M.; Claggett, B.L.; de Boer, R.A.; DeMets, D.; Hernandez, A.F.; Inzucchi, S.E.; Kosiborod, M.N.;
Lam, C.S.P.; Martinez, F.; et al. Baseline Characteristics of Patients with HF with Mildly Reduced and Preserved Ejection Fraction:
DELIVER Trial. JACC Heart Fail. 2022, 10, 184–197. [CrossRef]

23. Spertus, J.A.; Jones, P.G.; Sandhu, A.T.; Arnold, S.V. Interpreting the Kansas City Cardiomyopathy Questionnaire in Clinical Trials
and Clinical Care: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2020, 76, 2379–2390. [CrossRef] [PubMed]

24. Spertus, J.A.; Birmingham, M.C.; Nassif, M.; Damaraju, C.V.; Abbate, A.; Butler, J.; Lanfear, D.E.; Lingvay, I.; Kosiborod, M.N.;
Januzzi, J.L. The SGLT2 inhibitor canagliflozin in heart failure: The CHIEF-HF remote, patient-centered randomized trial. Nat.
Med. 2022, 28, 809–813. [CrossRef] [PubMed]

25. Zynquista (Sotagluflozin). Guidehouse Germany GmbH (Berlin, Germany). Available online: https://www.ema.europa.eu/en/
documents/product-information/zynquista-epar-product-information_en.pdf (accessed on 20 August 2022).

26. Akasaka, H.; Sugimoto, K.; Shintani, A.; Taniuchi, S.; Yamamoto, K.; Iwakura, K.; Okamura, A.; Takiuchi, S.; Fukuda, M.;
Kamide, K.; et al. Effects of ipragliflozin on left ventricular diastolic function in patients with type 2 diabetes and heart failure
with preserved ejection fraction: The EXCEED randomized controlled multicenter study. Geriatr. Gerontol. Int. 2022, 22, 298–304.
[CrossRef] [PubMed]

27. Ejiri, K.; Miyoshi, T.; Kihara, H.; Hata, Y.; Nagano, T.; Takaishi, A.; Toda, H.; Nanba, S.; Nakamura, Y.; Akagi, S.; et al. Effect of
Luseogliflozin on Heart Failure with Preserved Ejection Fraction in Patients with Diabetes Mellitus. J. Am. Heart Assoc. 2020,
9, e015103. [CrossRef] [PubMed]

28. Anker, S.D.; Butler, J.; Filippatos, G.; Shahzeb Khan, M.; Ferreira, J.P.; Bocchi, E.; Bohm, M.; Brunner-La Rocca, H.P.; Choi, D.J.;
Chopra, V.; et al. Baseline characteristics of patients with heart failure with preserved ejection fraction in the EMPEROR-Preserved
trial. Eur. J. Heart Fail. 2020, 22, 2383–2392. [CrossRef]

29. Thorvaldsen, T.; Ferrannini, G.; Mellbin, L.; Benson, L.; Cosentino, F.; McMurray, J.J.V.; Dahlstrom, U.; Lund, L.H.; Savarese,
G. Eligibility for Dapagliflozin and Empagliflozin in a Real-world Heart Failure Population. J. Card. Fail. 2022, 28, 1050–1062.
[CrossRef]

30. Voors, A.A.; Angermann, C.E.; Teerlink, J.R.; Collins, S.P.; Kosiborod, M.; Biegus, J.; Ferreira, J.P.; Nassif, M.E.; Psotka, M.A.;
Tromp, J.; et al. The SGLT2 inhibitor empagliflozin in patients hospitalized for acute heart failure: A multinational randomized
trial. Nat. Med. 2022, 28, 568–574. [CrossRef]

31. McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bohm, M.; Burri, H.; Butler, J.; Celutkiene, J.;
Chioncel, O.; et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 2021, 42,
3599–3726. [CrossRef]

32. Boehringer Ingelheim. Jardiance. Available online: https://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/
Jardiance/jardiance.pdf (accessed on 2 September 2022).

33. Boehringer Ingelheim. Jardiance. European Medicines Association Prescribing Information. Available online: https://www.ema.
europa.eu/en/documents/product-information/jardiance-epar-product-information_en.pdf (accessed on 2 September 2022).

34. McGovern, A.P.; Hogg, M.; Shields, B.M.; Sattar, N.A.; Holman, R.R.; Pearson, E.R.; Hattersley, A.T.; Jones, A.G.; Dennis, J.M.;
Consortium, M. Risk factors for genital infections in people initiating SGLT2 inhibitors and their impact on discontinuation. BMJ
Open Diabetes Res. Care 2020, 8, e001238. [CrossRef]

35. U.S. Food and Drug Administration. Drug Safety Communication: FDA Warns that SGLT2 Inhibitors for Diabetes May Result in
a Serious Condition of Too Much Acid in the Blood. 15 May 2015. Available online: http://www.fda.gov/downloads/Drugs/
DrugSafety/UCM446954.pdf. (accessed on 7 June 2022).

http://doi.org/10.1056/NEJMoa2030183
http://doi.org/10.1172/JCI156309
http://doi.org/10.1016/j.jchf.2021.05.019
http://doi.org/10.1007/s00125-018-4670-7
http://doi.org/10.1002/ehf2.13905
http://doi.org/10.1002/ejhf.2249
http://doi.org/10.1016/j.jacc.2022.01.029
http://doi.org/10.1056/NEJMoa2206286
http://doi.org/10.1016/j.jchf.2021.11.006
http://doi.org/10.1016/j.jacc.2020.09.542
http://www.ncbi.nlm.nih.gov/pubmed/33183512
http://doi.org/10.1038/s41591-022-01703-8
http://www.ncbi.nlm.nih.gov/pubmed/35228753
https://www.ema.europa.eu/en/documents/product-information/zynquista-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/zynquista-epar-product-information_en.pdf
http://doi.org/10.1111/ggi.14363
http://www.ncbi.nlm.nih.gov/pubmed/35212104
http://doi.org/10.1161/JAHA.119.015103
http://www.ncbi.nlm.nih.gov/pubmed/32805185
http://doi.org/10.1002/ejhf.2064
http://doi.org/10.1016/j.cardfail.2022.04.011
http://doi.org/10.1038/s41591-021-01659-1
http://doi.org/10.1093/eurheartj/ehab368
https://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Jardiance/jardiance.pdf
https://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Jardiance/jardiance.pdf
https://www.ema.europa.eu/en/documents/product-information/jardiance-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/jardiance-epar-product-information_en.pdf
http://doi.org/10.1136/bmjdrc-2020-001238
http://www.fda.gov/downloads/Drugs/DrugSafety/UCM446954.pdf.
http://www.fda.gov/downloads/Drugs/DrugSafety/UCM446954.pdf.


Pharmacy 2022, 10, 166 14 of 15

36. Rosenstock, J.; Ferrannini, E. Euglycemic Diabetic Ketoacidosis: A Predictable, Detectable, and Preventable Safety Concern with
SGLT2 Inhibitors. Diabetes Care 2015, 38, 1638–1642. [CrossRef]

37. Blau, J.E.; Tella, S.H.; Taylor, S.I.; Rother, K.I. Ketoacidosis associated with SGLT2 inhibitor treatment: Analysis of FAERS data.
Diabetes Metab Res. Rev. 2017, 33, e2924. [CrossRef]

38. Dutta, S.; Kumar, T.; Singh, S.; Ambwani, S.; Charan, J.; Varthya, S.B. Euglycemic diabetic ketoacidosis associated with SGLT2
inhibitors: A systematic review and quantitative analysis. J. Fam. Med. Prim. Care 2022, 11, 927–940. [CrossRef]

39. U.S. Food and Drug Administration. Drug Safety Communication: FDA Warns about Rare Occurrences of a Serious Infection
of the Genital Area with SGLT2 Inhibitors for Diabetes. 29 August 2018. Available online: https://www.fda.gov/drugs/drug-
safety-and-availability/fda-warns-about-rare-occurrences-serious-infection-genital-area-sglt2-inhibitors-diabetes (accessed on
26 July 2022).

40. Silverii, G.A.; Dicembrini, I.; Monami, M.; Mannucci, E. Fournier’s gangrene and sodium-glucose co-transporter-2 inhibitors:
A meta-analysis of randomized controlled trials. Diabetes Obes. Metab. 2020, 22, 272–275. [CrossRef]

41. Yang, J.Y.; Wang, T.; Pate, V.; Buse, J.B.; Sturmer, T. Real-world evidence on sodium-glucose cotransporter-2 inhibitor use and risk
of Fournier’s gangrene. BMJ Open Diabetes Res. Care 2020, 8, e000985. [CrossRef]

42. Heyward, J.; Mansour, O.; Olson, L.; Singh, S.; Alexander, G.C. Association between sodium-glucose cotransporter 2 (SGLT2)
inhibitors and lower extremity amputation: A systematic review and meta-analysis. PLoS ONE 2020, 15, e0234065. [CrossRef]

43. Ryan, P.B.; Buse, J.B.; Schuemie, M.J.; DeFalco, F.; Yuan, Z.; Stang, P.E.; Berlin, J.A.; Rosenthal, N. Comparative effectiveness
of canagliflozin, SGLT2 inhibitors and non-SGLT2 inhibitors on the risk of hospitalization for heart failure and amputation in
patients with type 2 diabetes mellitus: A real-world meta-analysis of 4 observational databases (OBSERVE-4D). Diabetes Obes.
Metab. 2018, 20, 2585–2597. [CrossRef]

44. Paul, S.K.; Bhatt, D.L.; Montvida, O. The association of amputations and peripheral artery disease in patients with type 2 diabetes
mellitus receiving sodium-glucose cotransporter type-2 inhibitors: Real-world study. Eur. Heart J. 2021, 42, 1728–1738. [CrossRef]

45. Adhikari, S.; Kumar, R.; Driver, E.M.; Perleberg, T.D.; Yanez, A.; Johnston, B.; Halden, R.U. Mass trends of parabens, triclocarban
and triclosan in Arizona wastewater collected after the 2017 FDA ban on antimicrobials and during the COVID-19 pandemic.
Water Res. 2022, 222, 118894. [CrossRef]

46. Sangha, V.; Lipska, K.; Lin, Z.; Inzucchi, S.E.; McGuire, D.K.; Krumholz, H.M.; Khera, R. Patterns of Prescribing Sodium-Glucose
Cotransporter-2 Inhibitors for Medicare Beneficiaries in the United States. Circ. Cardiovasc. Qual. Outcomes 2021, 14, e008381.
[CrossRef]

47. Hamid, A.; Vaduganathan, M.; Oshunbade, A.A.; Ayyalasomayajula, K.K.; Kalogeropoulos, A.P.; Lien, L.F.; Shafi, T.; Hall,
M.E.; Butler, J. Antihyperglycemic Therapies with Expansions of US Food and Drug Administration Indications to Reduce
Cardiovascular Events: Prescribing Patterns within an Academic Medical Center. J. Cardiovasc. Pharmacol. 2020, 76, 313–320.
[CrossRef]

48. Dave, C.V.; Schneeweiss, S.; Wexler, D.J.; Brill, G.; Patorno, E. Trends in Clinical Characteristics and Prescribing Preferences for
SGLT2 Inhibitors and GLP-1 Receptor Agonists, 2013–2018. Diabetes Care 2020, 43, 921–924. [CrossRef] [PubMed]

49. Hinton, W.; Feher, M.D.; Munro, N.; Joy, M.; de Lusignan, S. Prescribing sodium-glucose co-transporter-2 inhibitors for type 2
diabetes in primary care: Influence of renal function and heart failure diagnosis. Cardiovasc. Diabetol. 2021, 20, 130. [CrossRef]
[PubMed]

50. Zhuo, M.; Li, J.; Buckley, L.F.; Tummalapalli, S.L.; Mount, D.B.; Steele, D.J.R.; Lucier, D.J.; Mendu, M.L. Prescribing Patterns
of Sodium-Glucose Cotransporter-2 Inhibitors in Patients with CKD: A Cross-Sectional Registry Analysis. Kidney360 2022, 3,
455–464. [CrossRef] [PubMed]

51. Cohen, R.A.; Kirzinger, W.K.; Gindi, R.M. Strategies Used by Adults to Reduce Their Prescription Drug Costs. NCHS Data Brief.
No. 119; April 2013. Available online: https://www.cdc.gov/nchs/data/databriefs/db119.pdf (accessed on 10 October 2022).

52. Tummalapalli, S.L.; Montealegre, J.L.; Warnock, N.; Green, M.; Ibrahim, S.A.; Estrella, M.M. Coverage, Formulary Restrictions,
and Affordability of Sodium-Glucose Cotransporter 2 Inhibitors by US Insurance Plan Types. JAMA Health Forum 2021, 2, e214205.
[CrossRef] [PubMed]

53. Luo, J.; Feldman, R.; Rothenberger, S.D.; Hernandez, I.; Gellad, W.F. Coverage, Formulary Restrictions, and Out-of-Pocket Costs
for Sodium-Glucose Cotransporter 2 Inhibitors and Glucagon-Like Peptide 1 Receptor Agonists in the Medicare Part D Program.
JAMA Netw. Open 2020, 3, e2020969. [CrossRef] [PubMed]

54. Warden, B.A.; Purnell, J.Q.; Duell, P.B.; Craigan, C.; Osborn, D.; Cabot, E.; Fazio, S. Real-world utilization of pharmacotherapy
with new evidence-based cardiovascular indications in an academic preventive cardiology practice. Am. J. Prev. Cardiol. 2021,
5, 100144. [CrossRef]

55. Fernandez-Lazaro, C.I.; Adams, D.P.; Fernandez-Lazaro, D.; Garcia-Gonzalez, J.M.; Caballero-Garcia, A.; Miron-Canelo, J.A.
Medication adherence and barriers among low-income, uninsured patients with multiple chronic conditions. Res. Social Adm,
Pharm. 2019, 15, 744–753. [CrossRef]

56. Nelson, D.R.; Heaton, P.; Hincapie, A.; Ghodke, S.; Chen, J. Differential Cost-Sharing Undermines Treatment Adherence to
Combination Therapy: Evidence from Diabetes Treatment. Diabetes Ther. 2021, 12, 2149–2164. [CrossRef]

http://doi.org/10.2337/dc15-1380
http://doi.org/10.1002/dmrr.2924
http://doi.org/10.4103/jfmpc.jfmpc_644_21
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-rare-occurrences-serious-infection-genital-area-sglt2-inhibitors-diabetes
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-rare-occurrences-serious-infection-genital-area-sglt2-inhibitors-diabetes
http://doi.org/10.1111/dom.13900
http://doi.org/10.1136/bmjdrc-2019-000985
http://doi.org/10.1371/journal.pone.0234065
http://doi.org/10.1111/dom.13424
http://doi.org/10.1093/eurheartj/ehaa956
http://doi.org/10.1016/j.watres.2022.118894
http://doi.org/10.1161/CIRCOUTCOMES.121.008381
http://doi.org/10.1097/FJC.0000000000000864
http://doi.org/10.2337/dc19-1943
http://www.ncbi.nlm.nih.gov/pubmed/32041899
http://doi.org/10.1186/s12933-021-01316-4
http://www.ncbi.nlm.nih.gov/pubmed/34183018
http://doi.org/10.34067/KID.0007862021
http://www.ncbi.nlm.nih.gov/pubmed/35582176
https://www.cdc.gov/nchs/data/databriefs/db119.pdf
http://doi.org/10.1001/jamahealthforum.2021.4205
http://www.ncbi.nlm.nih.gov/pubmed/35977296
http://doi.org/10.1001/jamanetworkopen.2020.20969
http://www.ncbi.nlm.nih.gov/pubmed/33057641
http://doi.org/10.1016/j.ajpc.2020.100144
http://doi.org/10.1016/j.sapharm.2018.09.006
http://doi.org/10.1007/s13300-021-01098-8


Pharmacy 2022, 10, 166 15 of 15

57. Hung, A.; Blalock, D.V.; Miller, J.; McDermott, J.; Wessler, H.; Oakes, M.M.; Reed, S.D.; Bosworth, H.B.; Zullig, L.L. Impact of
financial medication assistance on medication adherence: A systematic review. J. Manag. Care Spec. Pharm. 2021, 27, 924–935.
[CrossRef]

58. Ward, L.M.; Pendergrass, D.B.; Chima, C.C.; Thorpe, R.J., Jr.; Bruce, M.A.; Blackburn, H.F.; Palombo, C.F.; Beech, B.M. Access to
medications among adults with type 2 diabetes using pharmacy- or clinic-based medication assistance programs: A systematic
review. J. Am. Pharm. Assoc. 2020, 60, e411–e421. [CrossRef]

http://doi.org/10.18553/jmcp.2021.27.7.924
http://doi.org/10.1016/j.japh.2020.07.001

	Background 
	Transition into Cardiovascular Space 
	SGLT2 Inhibitors in Heart Failure with Preserved Ejection Fraction 
	Landmark Trials in HFpEF 
	EMPEROR-Preserved 
	DELIVER 

	Impact of SGLT2 Inhibitors on Clinical Symptoms in HFpEF 
	PRESERVED-HF 
	CHIEF-HF 

	Globally Approved SGLT2 Inhibitors 
	Study Comparison 
	Real World Evidence 
	SGLT2 Inhibitor Place in Therapy: HFpEF 
	Safety Considerations 
	Euglycemic Diabetic Ketoacidosis 
	Fournier’s Gangrene 
	Lower Limb Amputation 
	Patient Access Considerations 
	Insurance Coverage and Affordability 
	Conclusions 
	References

