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a b s t r a c t 

Heart failure with reduced ejection fraction (HFrEF) is a debilitating disease that is associated with substantial 
morbidity, mortality, and societal costs. The past three decades have brought about significant advancements 
in the pharmacologic management of HFrEF, and a corresponding reduction in morbidity and mortality. How- 
ever, the progress to improve clinical outcomes in real-world settings has stalled in recent years, largely due to 
underutilization of guideline directed medical therapies (GDMT). The discovery of significant cardio-renal pro- 
tection from sodium-glucose co-transporter 2 inhibitors (SGLT2i) has ushered in a new treatment paradigm for 
HFrEF management with SGLT2i therapy becoming an essential component of GDMT. Our Preventive Cardiology 
and Heart Failure services have established an innovative, multi-disciplinary, collaborative protocol to optimize 
management of cardiovascular risk factors and facilitation SGLT2i use in patients with HFrEF. The goal of this 
collaboration is to enhance utilization and safety of SGLT2i for HFrEF management by circumventing medication 
access issues, the major obstacle to therapy initiation. Within this protocol, our heart failure providers identify pa- 
tients for the addition of SGLT2i to a background of heart failure GDMT. The patient is then referred to preventive 
cardiology where the team performs a comprehensive cardiovascular risk assessment, optimizes cardiovascular 
risk factors, and initiates SGLT2i with an emphasis on medication access, cost minimization, and mitigation of 
potential side effects. The heart failure team assumes responsibility for modification of heart failure-based thera- 
pies, and the preventive team manages diabetes, lipid, and metabolic-based therapies. The patient is followed by 
both cardiology services in a structured fashion, comparing outcome measures at regular intervals and utilizing 
our patient registry and bio-repository. This clinical practice statement provides a detailed evidentiary review 

on the cardiovascular and renal benefits of SGLT2i, outlines the rational for creation of a collaborative protocol, 
details a structured program that may serve as a template for enhanced heart failure management in other health 
systems, and addresses challenges encountered and recommendations for use. 
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. Introduction 

Heart failure is a prevalent and devastating cardiovascular condi-
ion that results in significant morbidity and mortality and high societal
ost. [1] The prevalence of this complex condition continues to rise,
ith 6.2 million Americans diagnosed in 2016 and an estimated > 8 mil-

ion by 2030. [1] The lifetime risk of developing heart failure has been
stimated to be as high as 20–45% and is driven substantially by ris-
ng heart failure risk factors and a rapidly aging American population.
 1 , 2 ] Common risk factors for heart failure include ischemic heart dis-
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ase, diabetes, obesity, hypertension, and smoking, conditions affecting
early 1 of every 3 US adults. [1] Living with heart failure imposes a
ignificant burden on affected patients, accounting for ~1 million hos-
italizations annually, a 30-day heart failure readmission rate of ~25%,
nd significant decreases in quality of life. [ 1 , 2 ] Heart failure is deadly,
ith mortality rates of nearly 50% within five years from diagnosis, and
ssociated with escalating costs totaling $30.7 billion in the US in 2012.
1] 

Though heart failure may present with a diverse set of phenotypes,
he focus of this clinical practice statement will be on heart failure
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ith reduced ejection fraction (HFrEF) as this subtype has clearly delin-
ated, evidence-based, therapeutic modalities. Management of HFrEF,
ccounting for approximately 50% of all heart failure cases, has had
ignificant advancements in both pharmacological and device therapies
uring recent years, resulting in a corresponding reduction in morbid-
ty and mortality. [3] Unfortunately, these improvements in clinical
utcomes appear to be leveling off over time. [3] Plausible contribu-
ors to this trend may include the rising prevalence of cardiovascular
isk factors and underutilization of guideline-directed medical therapies
GDMT) – omitting indicated pharmacotherapy, failure to achieve target
oses, and difficulty sustaining patient adherence. [ 4 , 5 ] 

The discovery of sodium-glucose co-transporter 2 inhibitors
SGLT2i) is a welcome addition to the HFrEF armamentarium, but poses
mportant questions regarding appropriate use and medication accessi-
ility among patients with HFrEF. [6] Optimization of pharmacother-
py, particularly with novel branded agents, is frequently impeded by
imited medication access, largely driven by elevated and rising medica-
ion cost. [7] These challenges were highlighted by the American Heart
ssociation as missed opportunities that are prevalent throughout car-
iovascular service lines, which has spurred an urgent call to action to
ddress these issues and facilitate transformation of cardiovascular care.
5] 

The purpose of this clinical practice statement is to describe an in-
ovative, multi-disciplinary, collaborative protocol established between
reventive Cardiology and Heart Failure services at our institution that
as designed to optimize management of cardiovascular risk factors and

acilitate clinical use of new evidence-based pharmacotherapy. The pro-
ocol advocates for enhanced utilization of pivotal heart failure pharma-
otherapy, specifically optimizing use of sodium-glucose co-transporter
 inhibitor (SGLT2i) in patients with HFrEF. Our program is focused
n improving medication access, cost minimization, medication toler-
bility, and durable patient adherence to SGLT2i therapy. Herein, we
escribe the structure and function of a successful new program that
otentially can be implemented elsewhere. 

. Pharmacotherapy 

.1. Historical heart failure with reduced ejection fraction 

harmacotherapies 

The bulk of the pivotal cardiovascular outcome trial data that formed
he basis for class I recommendations for HFrEF pharmacotherapy were
enerated two to three decades ago. These trials established angiotensin-
onverting enzyme inhibitors (ACEI) [8–11] , angiotensin II receptor
lockers (ARB) [12–14] , 𝛽-blockers [15–17] , mineralocorticoid receptor
ntagonists (MRA) [ 18 , 19 ], and vasodilators [20] as therapies proven to
mprove hospitalization and mortality rates among patients with HFrEF.
espite Class Ia recommendations for the use of these medications, the
HAMP-HF registry, a contemporary US-based outpatient registry show-
asing real-world HFrEF treatment, identified significant gaps in use of
DMT. [4] Among eligible patients, use of ACEI/ARB, 𝛽-blockers, and
RA was 60%, 67%, and 33%, respectively, with most patients not re-

eiving target doses. Only 1% of patients were initiated on and achieved
arget doses of all three major classes of pharmacotherapy. The authors
oncluded that: “strategies to improve guideline-directed use of HFrEF
edications remain urgently needed. ”

.2. Newer heart failure with reduced ejection fraction pharmacotherapies 

.2.1. Angiotensin receptor–neprilysin inhibitor 

The last six years have brought about a renaissance in HFrEF treat-
ent with the development of two new pharmacotherapy classes with

he potential to prevent and treat heart failure and its associated com-
lications. The first of the two new classes of pharmacotherapy, an-
iotensin receptor–neprilysin inhibitor (ARNI), was introduced in 2014
fter publication of results from the seminal PARADIGM trial (Prospec-
ive Comparison of ARNI with ACEI to Determine Impact on Global Mor-
ality and Morbidity in Heart Failure Trial). [21] This study demon-
trated that ARNI treatment reduced hospitalizations for worsening
eart failure and mortality outcomes (comparable with other GDMT
nd on top of a background of such therapies) [21] , improved quality of
ife measures [21] , attenuated decline of estimated glomerular filtration
ate (eGFR) [22] , and led to incorporation of class I recommendations
or ANRI treatment in major guidelines. [ 23 , 24 ] Unfortunately, ARNI
herapy is the most underutilized of the main classes of pharmacother-
py for HFrEF treatment, with only ~13–20% of eligible patients initi-
ted on therapy, and only 1% of non-use attributable to the presence of
ontraindications. [ 4 , 25 ] This indicates that the vast majority of eligi-
le patients with HFrEF are not prescribed ANRI therapy despite strong
linical trial data and guideline-based recommendations. [ 4 , 25 ] 

.2.2. Sodium-glucose co-transporter 2 inhibitors 

SGLT2i are not new therapies per se but their use for improving
ardiovascular outcomes is novel. SGLT2i entered the market in 2013
nd were originally developed and approved for treatment of hyper-
lycemia in type 2 diabetes mellitus. [26] Cardiovascular benefits (in-
luding salient heart failure protection) were serendipitously discovered
n response to guidance from the Food and Drug Administration (FDA)
n 2008 requiring all new glucose-lowering therapies to prove cardio-
ascular safety before market approval. [27] 

.2.2.1. Sodium-Glucose Co-transporter 2 inhibitors in type 2 diabetes

ellitus. Results from the seminal EMPA-REG OUTCOME trial (Em-
agliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mel-
itus Patients-Removing Excess Glucose) demonstrated reductions in a
omposite cardiovascular outcomes (myocardial infarction, stroke, and
ardiovascular death), cardiovascular death, all-cause death, renal out-
omes, and heart failure hospitalizations in patients with type 2 diabetes
ellitus and known atherosclerotic cardiovascular disease (ASCVD).

28] Additional SGLT2i clinical trials confirmed the cardiovascular ben-
fits in patients with diabetes. [ 29 , 30 ] A meta-analysis of these large
ardiovascular outcome trials evaluated the effects of empagliflozin,
anagliflozin, and dapagliflozin in over 34,000 patients with type 2 di-
betes and demonstrated a 23% reduction in the composite outcome of
ardiovascular death or hospitalization for heart failure (hazard ratio
HR] 0.77; 95% confidence interval [CI] 0.71–0.84; p < 0.0001), and
 31% reduction in hospitalization for heart failure (HR 0.69; 95% CI
.61–0.79; p < 0.0001). [31] These robust benefits were seen regardless
f the presence or absence of cardiovascular disease or history of heart
ailure, but with baseline renal function conferring the strongest pre-
ictor of cardiovascular benefit. [ 31 , 32 ] The cardiovascular effects of
he fourth SGLT2i, ertugliflozin, appear to be less impressive compared
o the rest of the class. [33] The results of subgroup analyses suggest
ossibly enhanced reductions in hospitalization for heart failure with or
ithout cardiovascular death among patients with more advanced renal
isease. [ 34 , 35 ] 

.2.2.2. Sodium-Glucose co-transporter 2 inhibitors in heart failure. The
agnitude and consistency of heart failure benefit seen in patients with

ype 2 diabetes mellitus led to investigations of SGLT2i therapy in pa-
ients with HFrEF, regardless of the presence or absence of diabetes.
he first heart failure trial, the DAPA-HF (Dapagliflozin and Preven-
ion of Adverse Outcomes in Heart Failure), was a phase III placebo-
ontrolled trial conducted in 4744 patients with New York Heart As-
ociation (NYHA) class II, III, or IV HFrEF and elevated pro-B-type na-
riuretic peptide (NT-proBNP) who were randomized to dapagliflozin
0 mg daily or placebo added to background GDMT. [36] The second
eart failure trial, EMPEROR-Reduced (Empagliflozin Outcome Trial
n Patients with Chronic Heart Failure and a Reduced Ejection Frac-
ion), studied a similar population of 3370 patients who were random-
zed to empagliflozin 10 mg daily or placebo. [37] Though there were
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Fig. 1. Relative risk reduction and sequen- 

tial reduction in all-cause mortality with 

evidence-based heart failure pharmacother- 

apy compared to placebo . 
Note. Adapted from Bassi NS, et al. JAMA Car- 

diol. 2020;5(8):948–951 

ARNI, angiotensin receptor–neprilysin in- 
hibitor; MRA, mineralocorticoid receptor 
antagonist; SGLT2i, sodium-glucose co- 
transporter 2 inhibitor. 
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Fig. 2. The five pillars of HFrEF Pharmacotherapy . 
ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor 
blocker; MRA, mineralocorticoid receptor antagonist; NI, neprilysin inhibitor; 
SGLT2i, sodium-glucose co-transporter 2 inhibitor. 
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odest differences between patient characteristics in the DAPA-HF and
MPEROR-Reduced trials – left ventricular ejection fraction (27% vs
1%), NT-proBNP (1428 pg/mL vs 1887 pg/mL), and ARNI use (11%
s 20%), both trials demonstrated significantly reduced heart failure
ospitalizations and improved quality of life measures, with an accept-
ble safety profile. In addition, the DAPA-HF trial demonstrated reduc-
ions in cardiovascular death and the EMPEROR-Reduced trial showed
mproved renal outcomes. A meta-analysis of data from the DAPA-HF
nd EMPEROR-Reduced trials demonstrated consistently favorable out-
omes and safety across a broad spectrum of HFrEF severity. [38] Pooled
esults from these two trials demonstrated significant reductions in car-
iovascular death or first hospitalization for heart failure: 26% relative
isk reduction (RRR), (HR 0.74; 95% CI 0.68–0.82; p < 0.0001), cardio-
ascular death: 14% RRR, (HR 0.86; 95% CI 0.76–0.98; p = 0.027),
rst hospitalization for heart failure: 31% RRR, (HR 0.69; 95% CI
.62–0.78), all-cause mortality: 13% RRR, (HR 0.87; 95%CI 0.77–0.98;
 = 0.018), and a composite renal outcome (chronic dialysis, renal trans-
lantation, or a ≥ 50% sustained reduction of eGFR): 38% RRR, (HR
.62; 95% CI 0.43–0.90). [38] Additionally, SGLT2i use produced sig-
ificant increases in quality of life measures. [ 36 , 37 ] It is important to
ote that these cardio-renal benefits occurred despite high utilization
ates of standard GDMT (~92% treated with ACEI/ARB/ARNI, ~95%
ith a 𝛽-blocker, and ~71% with a MRA), and were maintained re-
ardless of background HFrEF GDMT (including ARNI use) or achieved
DMT target doses ( ≥ 50% or < 50%). [38–42] Finally, reductions in ad-
erse clinical outcomes were discernible within weeks of SGLT2i initia-
ion, which is very relevant for clinical care as patients with HFrEF have
 high risk for 30-day readmissions and short survival once diagnosed. 

The combined results from pivotal cardiovascular outcome trials
emonstrate a progressive decline in all-cause mortality with the addi-
ion of each successive evidence-based pharmacotherapy. The estimated
 year mortality is reduced from a baseline of 35% to 10% with 4-class
DMT consisting of ANRI, 𝛽-blocker, MRA, and SGLT2i ( Fig. 1 ). [43] It

s plausible that the addition of SGLT2i to GDMT will reduce disease
rogression and extend longevity across a broader spectrum of patients
ith HFrEF in real-world applications. A decision analytic model esti-
ated that of the 3.1 million patients with HFrEF living in the United

tates, 69% (2.1 million) would be eligible for SGLT2i therapy that may
revent over 34,000 deaths annually, if optimally implemented. [43] Es-
imates of the lifetime effect of conventional “dual ” drug therapy ( 𝛽-
locker and ACEI or ARB) as compared to comprehensive “quintuple ”
rug therapy ( 𝛽-blocker, ARNI [ARB and neprilysin inhibitor], MRA, and
GLT2i) suggest a 62% additional reduction in cardiovascular death or
ospitalization for heart failure (HR 0.38; 95% CI 0.30–0.47) and 47%
eduction in all-cause mortality (HR 0.53; 95% CI 0.40–0.70) with the
atter. [44] This translates into an additional 2.7–8.3 and 1.4–6.3 extra
ears (depending on age of therapy start) free from cardiovascular death
r hospitalization for heart failure and survival, respectively. [44] Thus,
 rapidly growing body of evidence strongly supports the addition of
GLT2i to the armamentarium of GDMT, establishing SGLT2i as the 5th
illar of proven HFrEF pharmacotherapies and a key component of the
ecent suggestion that comprehensive therapy with a combination of 𝛽-
locker, ACEi / ARB, neprilysin inhibitor, MRA, and SGLT2i is the new
tandard of care for patients with HFrEF ( Fig. 2 - Central Illustration).
6] 

.2.2.3. Sodium-Glucose co-transporter 2 inhibitors in kidney disease. An-
ther important clinical finding from clinical trials of SGLT2i therapy,
nd one that may impart heart failure benefit, is renal protection. This
s significant due to the complex interplay between the triad of heart
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ailure, chronic kidney disease (CKD), and type 2 diabetes mellitus. Up
o 50% of heart failure patients have type 2 diabetes mellitus and/or
KD, with each condition independently increasing the risk for hospi-
alization and/or death and predisposing to medication toxicities as the
onditions approach end-stage disease. [ 45 , 46 ] A meta-analysis of data
rom the large cardiovascular outcome trials evaluating empagliflozin,
anagliflozin, and dapagliflozin demonstrated a significant 45% reduc-
ion in progression of a composite of renal disease outcomes (worsen-
ng renal function, end-stage renal disease [ESRD], or renal death), (HR
.55; 95% CI 0.48–0.64; p < 0.0001). [31] The renal protective effects
ere further demonstrated in the CREDENCE (Canagliflozin and Renal
vents in Diabetes with Established Nephropathy Clinical Evaluation)
rial, which showed a 30% RRR ( p = 0.00001) in the composite out-
ome of ESRD, doubling of serum creatinine, or death from renal or
ardiovascular causes in high risk patients with type 2 diabetes melli-
us and advanced CKD. [47] Taking the renal benefits a step further,
he results of the DAPA-CKD (Dapagliflozin and Prevention of Adverse
utcomes in Chronic Kidney Disease) trial established dapagliflozin as
n efficacious agent in patients with CKD regardless of the presence
r absence of diabetes, down to an eGFR of 25 ml/min at enrollment.
apagliflozin reduced the composite outcome of a sustained decline in
GFR ≥ 50%, ESRD, or death from renal or cardiovascular causes by 39%
HR 0.61; 95% CI 0.51–0.72; p < 0.001). [48] Both the CREDENCE and
APA-CKD trials were prematurely stopped for overwhelming benefit,
s recommended by the data and safety monitoring committee. Also, in
oth trials, SGLT2i use was associated with ~30% RRR in the composite
ndpoint of cardiovascular death or hospitalization for heart failure, de-
pite a low prevalence ( < 15%) of heart failure at baseline. This indicated
hat heart failure benefit occurs even among very high risk patients with
dvanced CKD, a comorbidity commonly associated with HFrEF. 

.2.2.4. Mechanisms of cardiorenal benefit from sodium-glucose co-

ransporter 2 inhibitors. Significant work has previously been published
hat investigated the mechanisms by which SGLT2i exert heart failure
enefit. Though more work is needed to fully elucidate these mecha-
isms, several salient hypotheses have been proposed that include im-
rovement in conventional cardiovascular risk factors (hyperglycemia,
yslipidemia, hypertension, and elevated body mass index [BMI]), im-
rovement in hemodynamics, natriuretic effects, reduced cardiac and
enal remodeling, inhibition of hormone dysregulation, use of more ef-
cient metabolic substrates, ion channel inhibition, anti-inflammatory
ffects, and anti-oxidant effects. [26] 

.2.2.5. Sodium-Glucose co-transporter 2 inhibitors side effect profile &

onitoring parameters. The SGLT2i’s are generally a well-tolerated class
f medications but a brief discussion of relevant side effects and mon-
toring parameters is warranted. In the DAPA-HF trial, there were no
iscernable differences in side effects between the dapagliflozin and
lacebo groups. [36] In the EMPEROR-Reduced trial, the only reported
ifference in side effects was a higher rate of genital tract infection in
he empagliflozin group compared to placebo. [37] Infection risk has
een the most common side effect reported in large cardiovascular out-
ome trials, predominantly genital mycotic infections (candida vagini-
is in females [ < 5–10%] and balanitis in males [ < 2–4%]). [49] These
re generally mild in nature, resolve quickly, and uncommonly recur. If
reatment is required, usually topical antifungals are sufficient, though
ral fluconazole may be needed in more severe cases. Proper counsel-
ng is paramount and should focus on daily hygienic measures such as
insing or wiping after voiding and before bed to ensure no urinary
lucose is left in contact with the skin or undergarments. For patients
ith a history of severe or recurrent mycotic infections, SGLT2i may
ot be the most appropriate treatment option, since these individuals
ave a higher incidence of mycotic infections during SGLT2i therapy
 > 20% in females and > 10% in males). [50] Urinary tract infections
ave been reported, but have not been shown to occur at a higher rate
s compared to placebo within the large cardiovascular outcome trials.
49] Patients who are prone to have frequent UTIs can have severe as-
ending urinary tract infections. Case reports of a rare, rapidly progres-
ive life-threatening form of necrotizing fasciitis in the perineal area,
alled Fournier gangrene, lead to an FDA label update for SGLT2i in
018. The causal association with SGLT2i use is contentious, but given
he serious nature of this infection, patients should promptly notify a
ealthcare professional about any symptoms of tenderness, redness, or
welling in the genital and/or perineal area. [51] 

Pertinent to patients with HFrEF are the hemodynamic effects of
GLT2i, which include both blood pressure lowering and volume de-
letion. These agents can lower systolic and diastolic blood pressure by
n average of ~4–6 and ~1–2 mmHg, respectively. [51] There is also
 mild diuretic effect associated with SGLT2i use, resulting in 24-hour
rine volumes increasing by ~300 mL/day and an initial reduction in
GFR of ~3–5 ml/min, occurring over the first few weeks, but then fol-
owed by stabilization and ultimately improvement over time compared
o placebo. [ 29 , 47 ] Initially, concern for acute kidney injury (AKI) with
GLT2i use was raised, prompting an FDA warning, but the results of
 meta-analysis have reassuringly shown a consistent 25% lower risk
f AKI ( p < 0.0001) among SGLT2i users compared to placebo. [52] In
ddition, SGLT2i use has been shown to be safe and efficacious in indi-
iduals with baseline eGFR as low as 25 ml/min. [48] 

The hemodynamic effects of SGLT2i may be more pronounced in
atients who are elderly, have more severe hyperglycemia, are taking
igher doses of SGLT2i, are treated with loop diuretics, or have more
evere renal impairment. [51] Among HFrEF patients on GDMT con-
isting of multiple antihypertensives and diuretics, particularly in the
etting of low blood pressure with fluctuating renal function, vigilant
onitoring for signs and symptoms of hypotension and volume deple-

ion is required. In some cases, to pre-emptively avoid adverse effects re-
ated to hypotension and volume depletion, initiating SGLT2i at a lower
ose (i.e. dapagliflozin 5 mg daily instead of 10 mg daily) or instituting
ose reductions of loop diuretics and other antihypertensive medica-
ions may be advisable. Counseling patients to record daily weights and
lood pressures, maintain appropriate hydration, and undergo periodic
ssessment of renal function is also advised. 

Although SGLT2i do not directly induce hypoglycemia, due to their
nsulin-independent mechanism of action with reduced glucosuria with
ower blood glucose levels (ceasing somewhere ~40–80 mg/dL), the
isk of hypoglycemia is increased primarily in combination with in-
ulin or insulin secretagogues. [26] However, dose adjustments for in-
ulin or insulin secretagogues are not routinely recommended when
nitiating SGLT2i owing to the increased risk for diabetic ketoacidosis
DKA). Among patients with well controlled HgbA1c levels at baseline,
r known history of frequent hypoglycemic events, a dose reduction or
iscontinuation of insulin or insulin secretagogues is prudent. [53] DKA
n patients taking SGLT2i typically occurs at normal or modest blood
lucose elevation and is exceedingly rare, [53] possibly restricted to pa-
ients with occult type 1 diabetes or maturity onset diabetes of the young
MODY). The risk of DKA is heightened in patients with type 1 diabetes
ellitus, substantially reduced endogenous insulin secretion, a history

f DKA, excessive alcohol use, illicit drug use, or in those hospitalized,
cutely ill, or with reduced food/water intake. [54] Patients should be
ounseled to monitor for early symptoms and signs of ketoacidosis and
o discontinue SGLT2i use and seek immediate medical attention should
hese occur. [ 51 , 54 ] Prevention of DKA entails avoiding the risk factors
oted above, as well as discontinuing SGLT2i at least 3 days before in-
entional fasting or a planned surgery. [53] 

Lower limb amputations are rare side effects that were seen only
ith canagliflozin use in the CANVAS trial, prompting an FDA black box
arning in 2017 that was later rescinded in August 2020. [55] Though

he causality of the association between SGLT2i and amputation re-
ains ambiguous, caution is suggested in those who may be at in-

reased risk due to a history of prior amputation, peripheral vascular
isease, severe peripheral neuropathy, and those with diabetic foot ul-
ers or infections. [53] In addition, preventive foot care with patient
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aily self-examinations and provider assessment (visual and monofila-
ent) should be routinely practiced. 

Although additional investigation is required to fully elucidate the
echanisms mediating SGLT2i benefits and adverse effects, early ev-

dence indicates several off-target effects, including inhibition of the
odium-hydrogen exchanger (NHE), as plausible explanations for the
ide-range of effects exhibited among this drug class. [56] 

.2.2.6. Sodium-Glucose co-transporter 2 inhibitors regulatory & guideline

pdates. Three of the four SGLT2i medications currently on the market
empagliflozin, canagliflozin, and dapagliflozin) have FDA-labeled indi-
ations to reduce the risk of cardiovascular complications [57–59] but
nly one (dapagliflozin) is approved to reduce cardiovascular death and
ospitalization for heart failure in patients with HFrEF. [59] However,
t is expected that empagliflozin will also receive an FDA indication
or HFrEF following the results from the recently published EMPEROR-
educed trial. In addition, guidelines from several major professional
ocieties recommend the use of SGLT2i to reduce the risk for heart fail-
re complications in patients with type 2 diabetes, [ 46 , 53 , 60-67 ] as well
s in nondiabetic patients with HFrEF. [66-68] 

.2.2.7. Place in therapy for sodium-glucose co-transporter 2 inhibitors.

ased on the totality of the evidence, SGLT2i are highly recommended
herapies in patients who are at high risk of or with established cardio-
ascular disease. Within the diabetes treatment paradigm, metformin is
till the preferred initial therapy, with SGLT2i or glucagon-like peptide-1
eceptor agonists (GLP-1 RA) recommended as next add-on therapies in
atients with ASCVD, high risk of ASCVD, heart failure, or established
idney disease, independent of HgbA1C level. [ 53 , 63 ] Specifically for
atients with heart failure or risk of heart failure, SGLT2i represent one
f the most efficacious treatments for prevention of disease develop-
ent. Among patients with concurrent HFrEF and diabetes, SGLT2i are

he only agents documented to reduce heart failure-related outcomes.
s a result, SGLT2i use should be preferentially utilized to reduce the
urden of heart failure and its associated complications. 

Among patient with HFrEF, SGLT2i therapy is recommended in
ymptomatic patients established on maximally tolerated doses of, or
ith documented intolerances to, GDMT consisting of ACEI or ARB, or
RNI and 𝛽-blocker, and MRA. Though SGLT2i therapy is a welcome
ddition to GDMT, several lingering clinical questions exist. 

Do patients need to be on target doses of guideline-directed medical ther-

py prior to initiating sodium-glucose co-transporter 2 inhibitors? 

To garner the full benefit of HFrEF based-therapies, every effort
hould be made to achieve target doses, but in the real-world setting this
s not always feasible due to dose-related side effects. Thus, achievement
f maximally tolerated doses of background GDMT is not a prerequisite
rior to the addition of SGLT2i given data to suggest cardiovascular
enefit regardless of achievement of GDMT target doses. [39] 

Should mineralocorticoid receptor antagonists be added prior to use of

odium-glucose co-transporter 2 inhibitors? 

Baseline use of MRA in the DAPA-HF and EMPEROR-Reduced tri-
ls was > 70% due to inclusion criteria requiring or encouraging use
f MRA. A recent subanalysis of the EMPEROR-Reduced trials demon-
trated use of MRA did not influence heart failure or renal outcomes.
42] However, the trial did suggest that the addition SGLT2i promoted
mproved MRA adherence, an important finding in the high risk heart
ailure population and another proposed benefit of SGLT2i initiation.
ince MRA are associated with significant reductions in clinical end-
oints (comparable to or greater than results from SGLT2i), as well
s high clinician familiarity, good patient tolerability, and low cost, it
eems prudent to recommend use of MRA in patients with heart failure
rior to use of SGLT2i, when clinically feasible. However, if intolerances
reclude MRA use, SGLT2i are an acceptable alternative. Scenarios most
ikely to favor SGLT2i use in lieu of MRA include adverse events such as
yperkalemia or gynecomastia. Additionally, MRA lack the renal bene-
t displayed by SGLT2i, thus if the clinician identifies a patient at high
isk for renal complications, SGLT2i may be a more appropriate agent. 

Should angiotensin receptor–neprilysin inhibitor be added prior to use of

odium-glucose co-transporter 2 inhibitors? 

Baseline use of ARNI in the DAPA-HF and EMPEROR-Reduced trials
ere < 20% with inclusion criteria requiring some form of inhibitor of

he renin-angiotensin system (ACEI, ARB, or ARNI) but not ARNI specif-
cally. As ARNI and SGLT2i are associated with similar improvements in
eart failure, mortality and quality of life outcomes, and are both expen-
ive branded medications, clinician choice and patient preference (side
ffect profile, once daily versus twice daily dosing) may play a larger
ole in therapy delineation between these two agents. Another factor to
onsider is renal function. Though both agents display an attenuation
n renal deterioration, SGLT2i appear to display a more pronounced ef-
ect and significantly reduce hard renal endpoints such as progression
o ESRD and renal death. If the decision is made to circumvent MRA
nd/or ARNI for SGLT2i therapy, it is reassuring that the cardio-renal
enefits from SGLT2i were achieved regardless of background HFrEF
DMT. [39-42] Additionally, both therapies have been shown to be cost-
ffective in patients with HFrEF and display comparable value to one
nother. [ 69 , 70 ] 

. Medication access 

.1. Underutilized pharmacotherapy 

The clinical landscape of heart failure pharmacotherapy encom-
asses several classes of disease-modifying and life-prolonging medi-
ations, but optimal utilization of these agents has proved challening.
 4 , 25 , 71 ] A similar scenario is occurring for SGLT2i use, with several
tudies documenting a dearth of SGLT2i prescribing. Rates of SGLT2i
se in real-world analyses of patients with diabetes and cardiovascular
isease are reported to range from only 1.4 to 9% of eligible patients
eeting criteria for use. [72–76] Just as concerning are the low rates

f prescribing by cardiologists, accounting for only 5 to 6% of SGLT2i
rescriptions. [ 72 , 76 ] Potential contributors to the lack of widespread
doption of evidenced-based and guideline-directed SGLT2i therapy are
ultifactorial and include medication intolerance, clinical inertia, low

omfort with prescribing a new medication, problems with medication
ccess, and medication cost – the latter two widely implicated as major
easons perpetuating this treatment gap. [71] 

.2. Multi-disciplinary team-based care strategy 

In response to the rising burden of cardiovascular disease, the Amer-
can Heart Association Presidential Advisory issued a call to action in
019 to address urgent challenges in cardiovascular disease prevention
nd treatment. [5] This report described missed opportunities at each
tage of the cardiovascular disease care continuum, specifically high-
ighting an urgent need to address failures to incite risk factor mod-
fications, use proven first-line therapies, improve access to advanced
reatments, and reduce barriers of care such as rising medication costs
o patients. These goals require changes in practice dynamics and im-
lementation of more comprehensive and multi-disciplinary delivery of
ealthcare, which are needed to improve medication access, reduce cost,
nd facilitate longitudinal management – a concept supported by ma-
or cardiovascular organizations. [ 61 , 68 , 77–81 ] Examples of success-
ul comprehensive and multi-disciplinary care delivery systems within
he cardiovascular sector have been described by the work within our
enter for Preventive Cardiology, as well as other medical centers. Our
are delivery model utilizes a multi-disciplinary team approach, relying
n patient-centered management with coordinated contributions from
hysicians, advanced practice providers, a registered nurse, a clinical
harmacist, a dietitian, and medical assistants, that is supported by
n NIH-funded research laboratory and a bio-repository to merge clin-
cal care with “beyond standard-of-care ” translational investigations.
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Fig. 3. Structure of Collaborative Protocol and Work Flow Between Pre- 

ventive Cardiology and Heart Failure Services for SGLT2i Optimization . 
CV, cardiovascular; F/u, follow up; HF, heart failure; SGLT2i, sodium-glucose 
co-transporter 2 inhibitor; Tx, treatment. 
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his standardized approach has allowed us to optimize care for our pa-
ients while generating previously published data regarding our experi-
nces in establishing a successful proprotein convertase subtilisin/kexin
ype 9 inhibitor (PCSK9i) clinic and using pharmacotherapy with new
vidence-based cardiovascular indications. [ 7 , 82–84 ] 

Implementation of our multi-disciplinary PCSK9i clinic resulted in
edication approval rates of 97% and discontinuations due to cost of

nly 2.3%, both significantly improved compared to usual care at that
ime, ~50% and up to ~35%, respectively. [ 83 , 85 ] Recently, we de-
cribed how use of pharmacotherapy with new evidence-based cardio-
ascular indications, consisting of PCSK9i, eicosapentaenoic acid (EPA),
GLT2i, and GLP-1 RA, required additional provider intervention be-
ond issuing the prescription in 78.1% of cases. [7] The majority of
hese interventions (73.8%) consisted of obtaining medication access
i.e., insurance prior authorizations and appeals) and/or cost minimiza-
ion strategies (i.e., copay cards and patient assistance programs). Ul-
imately, we successfully obtained medication access for ~75% of pa-
ients, with cost being the main reason for medication non-adherence.
dditionally, our study demonstrated a robust use of cardiovascular pro-

ective diabetes medications (SGLT2i and/or GLP-1 RA) in 70% of our
ligible patients, far exceeding low rates < 10% seen nationally. [72–
6] Heart failure specific examples of multi-disciplinary care have been
hown to improve use of GDMT and attainment of target doses [86] ,
s well as reductions in hospitalizations for heart failure and mortality
ates. [87] 

Another aspect to consider is that as healthcare moves from a fee-
or-service to a value-based structure, reimbursements are increasingly
ied to actions that add quality and value. This is particularly true for
eart failure services, where health-systems are rewarded for measures
hat add quality care and penalized for adverse outcomes. Therefore,
t is paramount to develop collaborative best practices and protocols
hat optimize risk factor modification, rely on evidence-based disease-
odifying and life-saving pharmacotherapy, and increase quality of care

or heart failure patients. 

. A proposed protocol for SGLT2i initiation 

In response to the call to action to bridge clinical guideline and
ractice treatment gaps in the management of cardiovascular disease,
ur Preventive Cardiology and Heart Failure services collaborated to
ddress access to and optimization of SGLT2i therapy in patients with
eart failure. An additional goal and important aspect of our collabora-
ive effort has been to identify and optimize cardiovascular risk factor
anagement. This collaborative protocol is novel and timely, bringing

ogether opposing ends of the cardiovascular spectrum, prevention and
nd-stage disease management, for the comprehensive care of patients
ith HFrEF. The protocol is approved by our institutional IRB (IRB pro-

ocol #00,022,192) and allows us to prospectively follow our patients
n a structured fashion, comparing outcome measures at regular inter-
als and utilizing our registry and bio-repository to facilitate discovery
ork on unique phenotypes. The clinical team consists of: 1) Preven-

ive Cardiology service: endocrinologists, advanced practice providers,
 registered nurse, a clinical pharmacist, a dietitian, and medical as-
istants, and 2) Heart Failure service: cardiologists, a registered nurse,
nd medical assistants. The protocol is divided into three separate roles
ncompassing the responsibilities of heart failure providers, preventive
ardiology providers and the preventive cardiology pharmacist, as de-
cribed below ( Fig. 3 ). 

.1. Roles for heart failure providers 

.1.1. Prior to sodium-glucose co-transporter 2 inhibitor initiation 

The heart failure provider identifies potential SGLT2i candidates
een routinely within the Heart Failure service. General qualifying and
isqualifying traits for SGLT2i initiation in our protocol are listed in
able 1 . The heart failure provider discusses with the patient poten-
ial risks and benefits of initiating SGLT2i, and shared-decision making
etermines the most appropriate treatment plan. If SGLT2i therapy is
esired, a referral is placed to the Preventive Cardiology service for con-
ideration of SGLT2i and assessment and management of other cardio-
ascular risk factors. The heart failure provider retains responsibility for
djusting background heart failure medications in preparation for pos-
ible initiation of SGLT2i, with anticipation of the antihypertensive and
iuretic effects from the SGLT2i. Laboratory and imaging studies listed
n Table 2 are also ordered at this time. 

.1.2. Post-sodium-glucose co-transporter 2 inhibitor initiation 

The Heart Failure service communicates with the patient within 1–2
eeks of SGLT2i initiation to assess heart failure status and makes addi-

ional adjustments to background heart failure medications, if needed.
he patient schedules follow up visits with the Heart Failure service at
n initial interval of 1–3 months depending on stability of the patient at
aseline, then every 6 months thereafter. The Heart Failure service as-
umes the primary role of handling the day-to-day communications with
he patient regarding volume status, blood pressure, heart failure signs
nd symptoms, and adjustments to heart failure-based pharmacothera-
ies. 

.2. Roles for preventive cardiology providers 

.2.1. Prior to sodium-glucose co-transporter 2 inhibitor initiation 

One of our preventive cardiology providers sees the patient in con-
ultation and conducts a comprehensive cardiovascular risk assessment
nd implements cardiovascular and associated risk factor standards of
are management strategies, including candidacy for SGLT2i initiation.
he preventive cardiology provider discusses with the patient poten-
ial risks and benefits of initiating SGLT2i and through shared-decision
aking determines the most appropriate treatment plan. When SGLT2i

nitiation is appropriate and agreed upon, the preventive cardiology
rovider prescribes the medication, orders additional laboratory and/or
maging studies, as needed, and consults the preventive cardiology phar-
acist. The preventive cardiology provider will adjust background dia-

etes pharmacotherapy if clinically indicated to avoid potential adverse
vents, principally hypoglycemia if co-prescribed with insulin or insulin
ecretagogues. Additional glucose-lowering medications will be sequen-
ially added for patients with uncontrolled hyperglycemia. Also impor-
ant to note, the preventive cardiology provider will notify the referring
eart failure provider and the primary care provider regarding therapy
hanges to help coordinate care across treatment teams. 
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Table 1 

Qualifying and disqualifying traits for SGLT2i initiation in patients with HFrEF. 

Qualifying trait 

1. HFrEF (LVEF ≤ 40%) with: 

o NYHA class II-IV symptoms + 
o NT-ProBNP ≥ 600 pg/mL + 
▪ ≥ 400 pg/mL if hospitalization for heart failure within preceding 12 months 

▪ ≥ 900 pg/mL if concurrent atrial fibrillation/flutter 

o Maximally tolerated doses (or documented intolerances) of: 

▪ ACEI / ARB / ARNI 

▪ 𝛽-blocker 

▪ Possibly MRA (provider discretion) 

2. Type 2 diabetes + established CVD or multiple risk factors for CVD with: 

o Maximally tolerated doses (or documented intolerances) of metformin 

o On treatment HgbA1C ≥ 6.5% 

▪ A1C is not a definitive cut off especially if background diabetic therapy (i.e., sulfonylureas, insulin, etc.) is to be reduced or eliminated 

Disqualifying trait 

1. Symptomatic hypotension or SBP < 90 mm Hg or DBP < 50 mm Hg 

2. Renal dysfunction 

o eGFR < 30 ml/min 

o Rapidly declining renal function 

o Recurrent AKI ( > 50% change in eGFR) 

3. Type 1 diabetes or history of diabetic ketoacidosis 

4. Severe aortic stenosis 

5. Left ventricular assist device 

6. History of prior amputations or risk factors for amputation: 

o Severe peripheral vascular disease 

o Peripheral neuropathy 

o Recurrent diabetic foot infections 

7. History of recurrent genital candidiasis and/or UTI, or increased risk for genital candidiasis and/or UTI 

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; CVD, 
cardiovascular disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HgbA1C, hemoglobin A1C; HFrEF, heart 
failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-ProBNP, 
N-terminal pro-B-type natriuretic peptide; NYHA, new york heart association; SBP, systolic blood pressure; UTI, urinary tract infection. 
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The SGLT2i agent and dose selection are important decisions that
re guided by randomized controlled trial data and FDA-approved indi-
ations. For patients with HFrEF, the only FDA-approved SGLT2i agent
ith a HFrEF specific indication is dapagliflozin and therefore it is our
efault agent, but depending on insurance formulary restrictions and
overage, empagliflozin is also clinically acceptable in light of presum-
bly impending FDA approval for HFrEF indication. For patients with
ype 2 diabetes mellitus, with or without concurrent cardiovascular
isease, canagliflozin, dapagliflozin, and empagliflozin are acceptable
gents and agent selection depends on insurance coverage and cost min-
mization. Ertugliflozin is currently considered to have inferior cardio-
ascular benefit given the available clinical trial data and FDA-approved
ndications. It is unclear at this time if the apparent inferiority is a conse-
uence of differences in populations studied or intrinsic drug properties
f ertugliflozin compared to other SGLT2i. It is hoped that additional in-
estigations will clarify this subject. For dosing optimization, beneficial
ardio-renal effects appear to manifest at the lowest possible dose for
mpagliflozin (10 mg daily) and canagliflozin (100 mg daily), so titra-
ion to the higher dosage (25 mg and 300 mg, respectively) may only be
eeded if additional glycemic control is warranted. For dapagliflozin,
able 3 

 

Summary recommendations for collaborative care to optimize use of SGLT2i agen

1. Optimize cardiovascular risk assessment 

2. Optimize cardiovascular risk factors (i.e., hyperlipidemia, type 2 diabetes mellitus, 

3. Ensure patients are on GDMT consisting of ACEI/ARB/ARNI, 𝛽-blockers, + /- MRA an

4. Identify SGLT2i candidates as standard of care and use SGLT2i as the 5th pillar of H

5. Avoid SGLT2i use in those at risk for adverse complications (see Table 1 ) 

6. Utilize a multi-disciplinary approach to SGLT2i patient identification, medication in

7. Use SGLT2i agents and doses with trial data and FDA approval status for HFrEF ma

8. Follow a structure protocol for routine assessment of SGLT2i benefit and risk 

CEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker
stration; GDMT, guideline directed medical therapy; HFrEF, heart failure with red
odium-glucose co-transporter 2 inhibitor. 
he higher dose (10 mg daily) was studied and should be the target dose
sed when prescribing this agent. 

.2.2. Post-sodium-glucose co-transporter 2 inhibitor initiation 

The preventive cardiology provider will see the patient in follow up
isits within an initial interval of 1–3 months depending on stability of
he patient at baseline, then every 6 months thereafter in stable patients.
he Preventive Cardiology team assumes the primary role of SGLT2i side
ffect management, adjustments to diabetes based pharmacotherapies,
s well as optimization of cardiovascular and associated risk factor con-
rol identified during the pre-SGLT2i visit. 

.3. Roles for preventive cardiology pharmacist 

The preventive cardiology pharmacist is consulted when an SGLT2i
s prescribed. The preventive cardiology pharmacist’s roles within the
GLT2i pathway are four-fold: (1) secure medication access, (2) im-
lement cost minimization strategies, (3) ensure medication tolerability
nd adherence, and (4) assist with care coordination. To secure medica-
ion access, the pharmacist obtains prior authorization for the SGLT2i,
ts in patients with HFrEF 

obesity, hypertension) management 

d at target doses 

FrEF pharmacotherapy 

itiation, medication access, cost minimization, and longitudinal management 

nagement 

; ARNI, angiotensin receptor–neprilysin inhibitor; FDA, food and drug admin- 
uced ejection fraction; MRA, mineralocorticoid receptor antagonist; SGLT2i, 
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Table 2 

Laboratory, vitals and imaging studies. 

Baseline Month 1 Month 3 Month 12 Annually 

CMP X X X X X 

HbgA1C a X X X X 

NT-ProBNP X X X X 

Bio-repository X X X X 

TTE with strain X X X 

CBG a X X X X X 

Blood pressure X X X X X 

Body weight X X X X X 

∗ Additional lab work / imaging per discretion of provider at 6 month inter- 
vals. 
CBG, capillary blood glucose; CMP, complete metabolic panel; HgbA1C, 
hemoglobin A1C; NT-ProBNP, N-terminal pro-B-type natriuretic peptide; TTE, 
transthoracic echocardiogram. 

a If applicable. 
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hanging the agent or appealing insurance denials if required. After au-
horization is obtained, measures to reduce patient out-of-pocket cost
re employed (i.e., copay cards, patient assistance programs, switching
o contracted pharmacies). The pharmacist then notifies the patient and
roviders of SGLT2i approval and counsels the patient on SGLT2i indica-
ion, mechanism, dosing, side effects, laboratory and imaging follow up,
nd provider follow up. The pharmacist follows up with the patient 1–
 weeks after SGLT2i initiation to ensure tolerability of the medication
nd answer any outstanding questions from the patient and/or provider,
s well as ongoing involvement throughout the duration of SGLT2i use.

.4. Preliminary results 

Among our initial cohort of 20 patients with HFrEF enrolled in this
tructured protocol, 15 (75%) have successfully implemented treatment
ith SGLT2i and have been followed for a mean of 29 weeks. In five
atients, SGLT2i were never prescribed due to patients possessing dis-
ualifying traits (renal dysfunction, hypotension, DKA risk). Of those
nitiated on SGLT2i therapy, 14 (93%) remain on therapy, with one dis-
ontinuation due to side effects consisting of symptomatic hypotension.
he mean time from consultation to SGLT2i initiation was ~9 days,
ith prior authorization required in eight (53.3%) patients, and cost
inimization strategies needed in ten (66.7%) patients. Mean patient

ut-of-pocket expense was < $20 per month. We will continue to recruit
dditional patients to collect longer term follow-up data in accordance
ith the IRB-approved protocol and assess clinical outcomes within a

arger cohort of patient. Outcomes of this endeavor will be reported in
he future. 

.5. Challenges 

Though our initial experience with this collaborative protocol for
GLT2i use in patients with HFrEF has been a success, several challenges
o the implementation and/or continuation of the collaborative service
ave been encountered and are worth describing. First, polypharmacy
s a concern. As has been discussed, patients with HFrEF are already re-
eiving multi-drug therapy as part of GDMT, therefore adding another
edication to an already extensive medication list (at least 5–6 medi-

ations just for the HFrEF indication), may poses a significant challenge
nd patient opposition. 

Second, cost implications must also be taken into consideration.
ost is routinely among the most prevalent reasons for medication non-
dherence, accounting for non-adherence in 1 of 8 Americans. [88] This
s particularly true when patient out-of-pocket expense is $50 or more
er month. [89–91] With a boom in cardiovascular pharmacotherapies
tilizing novel mechanisms of action or repurposed with new cardiovas-
ular indications, the likelihood that patients will be on one or more of
hese expensive non-generic medications is increasingly common. The
etail cost for each of these medications ranges from ~$400–1000 per
onth, with patient out-of-pocket expense varying substantially based

n insurance type (i.e., commercial, Medicare, Medicaid, etc.) and ac-
ess to financial assistance programs (i.e., copay cards and/or patient
ssistance programs). 

The third challenge relates to the number of providers involved in a
atient’s care. Though collaborative protocols such as ours offer many
enefits, distributing patient care roles among multiple healthcare per-
onnel and engaging the expertise of specific departments and roles,
he sheer number of providers involved can be a source of confusion
or the patient and care teams alike. This problem can be minimized
y open and clear communication of goals and clinical care decisions.
hese three challenges are complex and entrenched issues that advocate
or a wide-sweeping healthcare reform on several levels. 

. Conclusion and summary recommendations 

Heart failure is a debilitating disease with substantial morbidity,
ortality, and societal costs. There have been significant advances in
harmacotherapy for patients with HFrEF, most recently the arrival of
GLT2i, that reduce cardiovascular events and saves lives. Implementa-
ion of these disease-altering and life-saving therapies, particularly the
ewer branded medications, has been considerably low. Several rea-
ons account for this dilemma, most prominently limited medication
ccess and high patient cost. In addition, nearly 80% of patients require
dditional action by the care team after appropriate prescribing of an
DA-approved, guideline-supported, and efficacious medication, such as
GLT2i. This is beyond the bandwidth of any single provider and neces-
itates the use of a multi-disciplinary team approach to accomplish these
ervices. 

Herein we have described an innovative collaborative protocol be-
ween the Preventive Cardiology and Heart Failure services in our in-
titution. Our protocol utilizes the combined expertise of Heart Fail-
re providers, Preventive Cardiology providers, and Preventive Cardi-
logy pharmacist to deliver comprehensive and collaborative care to
atients with HFrEF by assessing cardiovascular risk, implementing the
ptimal cardiovascular risk-reducing strategies, improving medication
ccess and adherence, reducing medication costs, and coordinating care
cross multiple care teams Table 3 . Although we have focused on use
f SGLT2i in this description, the same strategies can be readily applied
o multi-disciplinary implementation of use of other medications. Such
 team structure and collaborative protocol may serve as a template
or enhanced heart failure management in other health systems to help
ridge treatment gaps within this vulnerable population. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial
nterests or personal relationships that could have appeared to influence
he work reported in this paper. 

cknowledgments 

The authors thank Cory Griffin for his assistance with creating the
gures. 

isclosures 

BAW reports institutional grant from Akcea. 
JQP reports clinical trial work with Amgen, Novartis, and Akcea. 
PBD reports institutional grants and/or advisory work for Akcea,

mryt, Esperion, Regeneron, Regenxbio, and Retrophin 
SF reports advisory work for Kowa, Amgen, Novo Nordisk, Astra

eneca and Amarin. 
The other authors have no disclosures to report. 



B.A. Warden, J. Steiner, A. Camacho et al. American Journal of Preventive Cardiology 6 (2021) 100183 

A

 

s  

i  

fi

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

[  

 

[  

 

 

[  

 

 

[  

[  

[  

 

 

 

 

 

[  

 

 

[  

 

 

[  

 

 

[  

 

[  

 

[  

 

 

[  

 

 

 

 

 

[  

 

 

 

 

 

 

[  

 

 

[  

[  

 

 

[  

 

 

[  

 

 

[  

 

 

 

[  

 

 

 

[  

 

[  

 

 

[  

 

 

[  

 

 

 

[  

 

 

 

 

 

[  

 

 

 

 

 

[  

 

uthors’ contributions 

BAW, JS, and SF conceived the clinical practice statement. BAW de-
igned and wrote the initial version. All authors contributed to the writ-
ng and/or editing of the manuscript and have read and approved the
nal version of the manuscript. 

eferences 

[1] Virani SS , Alonso A , Benjamin EJ , Bittencourt MS , Callaway CW , Carson AP , Cham-
berlain AM , Chang AR , Cheng S , Delling FN , Djousse L , Elkind MSV , Ferguson JF ,
Fornage M , Khan SS , Kissela BM , Knutson KL , Kwan TW , Lackland DT , Lewis TT ,
Lichtman JH , Longenecker CT , Loop MS , Lutsey PL , Martin SS , Matsushita K ,
Moran AE , Mussolino ME , Perak AM , Rosamond WD , Roth GA , Sampson UKA ,
Satou GM , Schroeder EB , Shah SH , Shay CM , Spartano NL , Stokes A , Tirschwell DL ,
VanWagner LB , Tsao CW . Heart disease and stroke statistics-2020 update: a report
from the American heart association. Circulation 2020;141:e139–596 . 

[2] Yancy CW , Jessup M , Bozkurt B , Butler J , Casey DE Jr , Drazner MH , Fonarow GC ,
Geraci SA , Horwich T , Januzzi JL , Johnson MR , Kasper EK , Levy WC , Masoudi FA ,
McBride PE , McMurray JJ , Mitchell JE , Peterson PN , Riegel B , Sam F , Steven-
son LW , Tang WH , Tsai EJ , Wilkoff BL . 2013 ACCF/AHA guideline for the man-
agement of heart failure: a report of the American college of cardiology founda-
tion/american heart association task force on practice guidelines. J Am Coll Cardiol
2013;62:e147–239 . 

[3] Murphy SP , Ibrahim NE , Januzzi JL Jr . Heart failure with reduced ejection fraction:
a review. JAMA 2020;324:488–504 . 

[4] Greene SJ , Butler J , Albert NM , DeVore AD , Sharma PP , Duffy CI , Hill CL ,
McCague K , Mi X , Patterson JH , Spertus JA , Thomas L , Williams FB , Hernandez AF ,
Fonarow GC . Medical therapy for heart failure with reduced ejection fraction: the
CHAMP-HF registry. J Am Coll Cardiol 2018;72:351–66 . 

[5] McClellan M , Brown N , Califf RM , Warner JJ . Call to action: urgent challenges in
cardiovascular disease: a presidential advisory from the American heart association.
Circulation 2019;139:e44–54 . 

[6] Ahmad T , Desai NR . Quadruple therapy is the new standard of care for HFrEF. JACC
Heart Failure 2020;8:819–21 . 

[7] Warden BA , Purnell JQ , Duell B , C C , D O , E C , Fazio S . Real-world utilization of
pharmacotherapy with new evidence-based cardiovascular indications in an aca-
demic preventive cardiology practice. Am J Prev Cardiol 2021;5 . 

[8] Effects of enalapril on mortality in severe congestive heart failure. Results of the
cooperative north scandinavian enalapril survival study (CONSENSUS). The New
England journal of medicine 1987;316:1429–35 . 

[9] Pfeffer MA , Braunwald E , Moyé LA , Basta L , Brown EJ Jr , Cuddy TE , Davis BR ,
Geltman EM , Goldman S , and Flaker GC , et al. Effect of captopril on mortality and
morbidity in patients with left ventricular dysfunction after myocardial infarction.
Results of the survival and ventricular enlargement trial. The SAVE Investigators.
New Eng J Med 1992;327:669–77 . 

10] Effect of ramipril on mortality and morbidity of survivors of acute myocardial in-
farction with clinical evidence of heart failure. The acute infarction ramipril efficacy
(AIRE) study investigators. Lancet 1993;342:821–8 . 

11] Yusuf S , Pitt B , Davis CE , Hood WB , Cohn JN . Effect of enalapril on survival in
patients with reduced left ventricular ejection fractions and congestive heart failure.
New Eng J Med 1991;325:293–302 . 

12] McMurray JJ , Ostergren J , Swedberg K , Granger CB , Held P , Michelson EL , Olofs-
son B , Yusuf S , Pfeffer MA . Effects of candesartan in patients with chronic heart fail-
ure and reduced left-ventricular systolic function taking angiotensin-converting-en-
zyme inhibitors: the CHARM-Added trial. Lancet 2003;362:767–71 . 

13] Dickstein K , Kjekshus J . Effects of losartan and captopril on mortality and morbidity
in high-risk patients after acute myocardial infarction: the OPTIMAAL randomised
trial. Optimal trial in myocardial infarction with angiotensin II antagonist losartan.
Lancet 2002;360:752–60 . 

14] Cohn JN , Tognoni G . A randomized trial of the angiotensin-receptor blocker valsar-
tan in chronic heart failure. New Eng J Med 2001;345:1667–75 . 

15] The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): a randomised trial. Lancet
1999;353:9–13 . 

16] Hjalmarson A , Goldstein S , Fagerberg B , Wedel H , Waagstein F , Kjekshus J , Wik-
strand J , El Allaf D , Vítovec J , Aldershvile J , Halinen M , Dietz R , Neuhaus KL ,
Jánosi A , Thorgeirsson G , Dunselman PH , Gullestad L , Kuch J , Herlitz J , Ricken-
bacher P , Ball S , Gottlieb S , Deedwania P . Effects of controlled-release metoprolol
on total mortality, hospitalizations, and well-being in patients with heart failure: the
Metoprolol CR/XL randomized intervention trial in congestive heart failure (MER-
IT-HF). MERIT-HF study group. JAMA 2000;283:1295–302 . 

17] Packer M , Bristow MR , Cohn JN , Colucci WS , Fowler MB , Gilbert EM , Shuster-
man NH . The effect of carvedilol on morbidity and mortality in patients with
chronic heart failure. US carvedilol heart failure study group. New Eng J Med
1996;334:1349–55 . 

18] Pitt B , Zannad F , Remme WJ , Cody R , Castaigne A , Perez A , Palensky J , Wittes J .
The effect of spironolactone on morbidity and mortality in patients with severe
heart failure. Randomized Aldactone Evaluation Study Investigators. New Eng J Med
1999;341:709–17 . 

19] Pitt B , Remme W , Zannad F , Neaton J , Martinez F , Roniker B , Bittman R , Hur-
ley S , Kleiman J , Gatlin M . Eplerenone, a selective aldosterone blocker, in pa-
tients with left ventricular dysfunction after myocardial infarction. New Eng J Med
2003;348:1309–21 . 
20] Taylor AL , Ziesche S , Yancy C , Carson P , D’Agostino R Jr , Ferdinand K , Taylor M ,
Adams K , Sabolinski M , Worcel M , Cohn JN . Combination of isosorbide dinitrate
and hydralazine in blacks with heart failure. New Eng J Med 2004;351:2049–57 . 

21] McMurray JJ , Packer M , Desai AS , Gong J , Lefkowitz MP , Rizkala AR , Rouleau JL ,
Shi VC , Solomon SD , Swedberg K , Zile MR . Angiotensin-neprilysin inhibition versus
enalapril in heart failure. New Eng J Med 2014;371:993–1004 . 

22] Damman K , Gori M , Claggett B , Jhund PS , Senni M , Lefkowitz MP , Prescott MF ,
Shi VC , Rouleau JL , Swedberg K , Zile MR , Packer M , Desai AS , Solomon SD , Mc-
Murray JJV . Renal effects and associated outcomes during angiotensin-neprilysin
inhibition in heart failure. JACC Heart failure 2018;6:489–98 . 

23] Yancy CW , Jessup M , Bozkurt B , Butler J , Casey DE Jr , Colvin MM , Drazner MH ,
Filippatos GS , Fonarow GC , Givertz MM , Hollenberg SM , Lindenfeld J , Masoudi FA ,
McBride PE , Peterson PN , Stevenson LW , Westlake C . 2017 ACC/AHA/HFSA Focused
Update of the 2013 ACCF/AHA guideline for the management of heart failure: a
report of the american college of cardiology/American heart association task force
on clinical practice guidelines and the heart failure society of America. J Am Coll
Cardiol 2017;70:776–803 . 

24] Ponikowski P , Voors AA , Anker SD , Bueno H , Cleland JGF , Coats AJS , Falk V ,
González-Juanatey JR , Harjola VP , Jankowska EA , Jessup M , Linde C , Nihoy-
annopoulos P , Parissis JT , Pieske B , Riley JP , Rosano GMC , Ruilope LM , Ruschitzka F ,
Rutten FH , van der Meer P . 2016 ESC Guidelines for the diagnosis and treatment of
acute and chronic heart failure: the Task Force for the diagnosis and treatment of
acute and chronic heart failure of the European society of cardiology (ESC)developed
with the special contribution of the heart failure association (HFA) of the ESC. Eur
Heart J 2016;37:2129–200 . 

25] Greene SJ , Fonarow GC , DeVore AD , Sharma PP , Vaduganathan M , Albert NM ,
Duffy CI , Hill CL , McCague K , Patterson JH , Spertus JA , Thomas L , Williams FB ,
Hernandez AF , Butler J . Titration of medical therapy for heart failure with reduced
ejection fraction. J Am Coll Cardiol 2019;73:2365–83 . 

26] Wojcik C , Warden BA . Mechanisms and evidence for heart failure benefits from
SGLT2 inhibitors. Curr Cardiol Rep 2019;21:130 . 

27] U.S. Food and Drug Administration. Guidance for industry: diabetes mellitus - evalu-
ating cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes [Inter-
net]. Available from https://www.fda.gov/media/135936/download . Accessed 17
November 2020. 

28] Zinman B , Wanner C , Lachin JM , Fitchett D , Bluhmki E , Hantel S , Mattheus M ,
Devins T , Johansen OE , Woerle HJ , Broedl UC , Inzucchi SE . Empagliflozin,
cardiovascular outcomes, and mortality in type 2 diabetes. The Eng J Med
2015;373:2117–28 . 

29] Heerspink HJ , Perkins BA , Fitchett DH , Husain M , Cherney DZ . Sodium glucose
cotransporter 2 inhibitors in the treatment of diabetes mellitus: cardiovascular
and kidney effects, potential mechanisms, and clinical applications. Circulation
2016;134:752–72 . 

30] Wiviott SD , Raz I , Bonaca MP , Mosenzon O , Kato ET , Cahn A , Silverman MG , Zel-
niker TA , Kuder JF , Murphy SA , Bhatt DL , Leiter LA , McGuire DK , Wilding JPH ,
Ruff CT , Gause-Nilsson IAM , Fredriksson M , Johansson PA , Langkilde AM , Saba-
tine MS . Dapagliflozin and cardiovascular outcomes in type 2 diabetes. New Eng J
Med 2019;380:347–57 . 

31] Zelniker TA , Wiviott SD , Raz I , Im K , Goodrich EL , Bonaca MP , Mosenzon O , Kato ET ,
Cahn A , Furtado RHM , Bhatt DL , Leiter LA , McGuire DK , Wilding JPH , Sabatine MS .
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;393:31–9 . 

32] Kluger AY , Tecson KM , Lee AY , Lerma EV , Rangaswami J , Lepor NE , ME Cobble , Mc-
Cullough PA . Class effects of SGLT2 inhibitors on cardiorenal outcomes. Cardiovasc
Diabetol 2019;18:99 . 

33] Cannon CP , Pratley R , Dagogo-Jack S , Mancuso J , Huyck S , Masiukiewicz U , Char-
bonnel B , Frederich R , Gallo S , Cosentino F , Shih WJ , Gantz I , Terra SG , Cherney DZI ,
McGuire DK . Cardiovascular outcomes with ertugliflozin in type 2 diabetes. New Eng
J Med 2020;383:1425–35 . 

34] Cherney DZI , McGuire DK , Charbonnel B , Cosentino F , Pratley R , Dagogo-Jack S ,
Frederich R , Maldonado M , Liu J , Pong A , Liu CC , Cannon CP . Gradient of risk
and associations with cardiovascular efficacy of ertugliflozin by measures of kidney
function: observations from VERTIS CV. Circulation 2020 . 

35] Cosentino F , Cannon CP , Cherney DZI , Masiukiewicz U , Pratley R , Dagogo Jack S ,
Frederich R , Charbonnel B , Mancuso J , Shih WJ , Terra SG , Cater NB , Gantz I ,
McGuire DK . Efficacy of ertugliflozin on heart failure-related events in patients with
type 2 diabetes mellitus and established atherosclerotic cardiovascular disease: re-
sults of the VERTIS CV Trial. Circulation 2020 . 

36] McMurray JJV , Solomon SD , Inzucchi SE , Køber L , Kosiborod MN , Martinez FA ,
Ponikowski P , Sabatine MS , Anand IS , B ělohlávek J , Böhm M , Chiang CE , Chopra VK ,
de Boer RA , Desai AS , Diez M , Drozdz J , Dukát A , Ge J , Howlett JG , Katova T ,
Kitakaze M , Ljungman CEA , Merkely B , Nicolau JC , O’Meara E , Petrie MC , Vinh PN ,
Schou M , Tereshchenko S , Verma S , Held C , DeMets DL , Docherty KF , Jhund PS ,
Bengtsson O , Sjöstrand M , Langkilde AM . Dapagliflozin in patients with heart failure
and reduced ejection fraction. New Eng J Med 2019;381:1995–2008 . 

37] Packer M , Anker SD , Butler J , Filippatos G , Pocock SJ , Carson P , Januzzi J , Verma S ,
Tsutsui H , Brueckmann M , Jamal W , Kimura K , Schnee J , Zeller C , Cotton D , Boc-
chi E , Böhm M , Choi DJ , Chopra V , Chuquiure E , Giannetti N , Janssens S , Zhang J ,
Gonzalez Juanatey JR , Kaul S , Brunner-La Rocca HP , Merkely B , Nicholls SJ , Per-
rone S , Pina I , Ponikowski P , Sattar N , Senni M , Seronde MF , Spinar J , Squire I , Tad-
dei S , Wanner C , Zannad F . Cardiovascular and renal outcomes with empagliflozin
in heart failure. New Eng J Med 2020 . 

38] Zannad F , Ferreira JP , Pocock SJ , Anker SD , Butler J , Filippatos G , Brueckmann M ,
Ofstad AP , Pfarr E , Jamal W , Packer M . SGLT2 inhibitors in patients with heart

http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0001
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0002
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0003
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0003
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0003
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0003
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0004
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0005
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0005
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0005
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0005
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0005
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0006
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0006
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0006
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0007
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0008
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0009
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0010
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0011
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0012
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0012
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0012
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0012
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0012
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0012
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0012
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0012
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0012
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0012
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0013
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0013
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0013
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0014
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0014
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0014
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0015
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0016
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0017
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0018
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0019
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0020
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0021
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0022
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0023
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0024
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0025
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0026
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0026
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0026
https://www.fda.gov/media/135936/download
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0028
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0029
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0030
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0031
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0032
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0033
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0034
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0035
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0036
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0037
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038


B.A. Warden, J. Steiner, A. Camacho et al. American Journal of Preventive Cardiology 6 (2021) 100183 

 

[  

 

 

 

 

[  

 

 

 

[  

 

 

 

[  

 

 

[  

 

[  

 

 

 

[  

[  

 

 

 

 

[  

 

 

 

[  

 

 

[  

 

 

 

[  

 

 

[  

[  

 

 

[  

 

 

 

[  

 

 

 

 

 

[  

 

 

g-abo

[  

 

 

[  

[  

[  

[  

 

 

[  

 

 

 

 

[  

 

 

 

 

 

[  

 

[  

 

 

 

 

[  

 

 

 

 

 

[  

 

 

 

 

 

 

[  

 

 

 

 

 

 

 

[  

 

 

 

 

 

[  

 

[  

 

[  

[  

 

 

[  

 

 

 

[  

 

 

[  

 

 

failure with reduced ejection fraction: a meta-analysis of the EMPEROR-Reduced
and DAPA-HF trials. Lancet 2020;396:819–29 . 

39] Docherty KF , Jhund PS , Inzucchi SE , Køber L , Kosiborod MN , Martinez FA ,
Ponikowski P , DeMets DL , Sabatine MS , Bengtsson O , Sjöstrand M , Langk-
ilde AM , Desai AS , Diez M , Howlett JG , Katova T , Ljungman CEA , O’Meara E ,
Petrie MC , Schou M , Verma S , Vinh PN , Solomon SD , McMurray JJV . Effects of da-
pagliflozin in DAPA-HF according to background heart failure therapy. Eur. Heart
J. 2020;41:2379–92 . 

40] Solomon SD , Jhund PS , Claggett BL , Dewan P , Køber L , Kosiborod MN , Martinez FA ,
Ponikowski P , Sabatine MS , Inzucchi SE , Desai AS , Bengtsson O , Lindholm D , Sjos-
trand M , Langkilde AM , McMurray JJV . Effect of Dapagliflozin in patients with
HFrEF treated with sacubitril/valsartan: the DAPA-HF trial. JACC Heart failure
2020;8:811–18 . 

41] Packer M , Anker SD , Butler J , Filippatos G , Ferreira JP , Pocock SJ , Rocca HB ,
Janssens S , Tsutsui H , Zhang J , Brueckmann M , Jamal W , Cotton D , Iwata T ,
Schnee J , Zannad F . Influence of neprilysin inhibition on the efficacy and safety of
empagliflozin in patients with chronic heart failure and a reduced ejection fraction:
the EMPEROR-Reduced trial. Eur. Heart J. 2021;42:671–80 . 

42] Ferreira JP , Zannad F , Pocock SJ , Anker SD , Butler J , Filippatos G , Brueckmann M ,
Jamal W , Steubl D , Schueler E , Packer M . Interplay of Mineralocorticoid Receptor
Antagonists and Empagliflozin in Heart Failure: eMPEROR-Reduced. J. Am. Coll.
Cardiol. 2021;77:1397–407 . 

43] Bassi NS , Ziaeian B , CW Yancy , Fonarow GC . Association of Optimal Implementation
of Sodium-Glucose Cotransporter 2 Inhibitor Therapy With Outcome for Patients
With Heart Failure. JAMA cardiology 2020;5:1–5 . 

44] Vaduganathan M , Claggett BL , Jhund PS , Cunningham JW , Pedro Ferreira J , Zan-
nad F , Packer M , Fonarow GC , McMurray JJV , Solomon SD . Estimating lifetime
benefits of comprehensive disease-modifying pharmacological therapies in patients
with heart failure with reduced ejection fraction: a comparative analysis of three
randomised controlled trials. Lancet 2020;396:121–8 . 

45] Aguilar D . Heart failure, diabetes mellitus, and chronic kidney disease: a clinical
conundrum. Circ Heart Fail 2016;9 . 

46] Dunlay SM , Givertz MM , Aguilar D , Allen LA , Chan M , Desai AS , Deswal A , Dick-
son VV , Kosiborod MN , Lekavich CL , McCoy RG , Mentz RJ , Piña IL . Type 2 diabetes
mellitus and heart failure: a scientific statement from the American heart associ-
ation and the heart failure society of America: this statement does not represent
an update of the 2017 ACC/AHA/HFSA heart failure guideline update. Circulation
2019;140:e294–324 . 

47] Perkovic V , Jardine MJ , Neal B , Bompoint S , Heerspink HJL , Charytan DM , Ed-
wards R , Agarwal R , Bakris G , Bull S , Cannon CP , Capuano G , Chu PL , de Zeeuw D ,
Greene T , Levin A , Pollock C , Wheeler DC , Yavin Y , Zhang H , Zinman B , Meininger G ,
Brenner BM , Mahaffey KW . Canagliflozin and renal outcomes in type 2 diabetes and
nephropathy. New Eng J Med 2019;380:2295–306 . 

48] Heerspink HJL , Stefánsson BV , Correa-Rotter R , Chertow GM , Greene T , Hou FF ,
Mann JFE , McMurray JJV , Lindberg M , Rossing P , Sjöström CD , Toto RD , Langk-
ilde AM , Wheeler DC . Dapagliflozin in patients with chronic kidney disease. New
Eng J Med 2020;383:1436–46 . 

49] Rangaswami J , Bhalla V , de Boer IH , Staruschenko A , Sharp JA , Singh RR , Lo KB ,
Tuttle K , Vaduganathan M , Ventura H , McCullough PA . Cardiorenal protection
with the newer antidiabetic agents in patients with diabetes and chronic kidney
disease: a scientific statement from the american heart association. Circulation
2020;142:e265–86 . 

50] McGovern AP , Hogg M , Shields BM , Sattar NA , Holman RR , Pearson ER , Hatters-
ley AT , Jones AG , Dennis JM . Risk factors for genital infections in people initiating
SGLT2 inhibitors and their impact on discontinuation. BMJ Open Diabetes Res Care
2020;8 . 

51] Vardeny O , Vaduganathan M . Practical guide to prescribing sodium-glucose cotrans-
porter 2 inhibitors for cardiologists. JACC Heart failure 2019;7:169–72 . 

52] Neuen BL , Young T , Heerspink HJL , Neal B , Perkovic V , Billot L , Mahaffey KW ,
Charytan DM , Wheeler DC , Arnott C , Bompoint S , Levin A , Jardine MJ . SGLT2 in-
hibitors for the prevention of kidney failure in patients with type 2 diabetes: a sys-
tematic review and meta-analysis. The Lancet Diabetes Endocrinol 2019;7:845–54 . 

53] Das SR , Everett BM , Birtcher KK , Brown JM , Januzzi JL Jr , Kalyani RR , Kosiborod M ,
Magwire M , Morris PB , Neumiller JJ , Sperling LS . Expert consensus decision path-
way on novel therapies for cardiovascular risk reduction in patients with type 2
diabetes: a report of the american college of cardiology solution set oversight com-
mittee. J Am Coll Cardiol 2020;76:1117–45 . 

54] Danne T , Garg S , Peters AL , Buse JB , Mathieu C , Pettus JH , Alexander CM , Bat-
telino T , Ampudia-Blasco FJ , Bode BW , Cariou B , Close KL , Dandona P , Dutta S ,
Ferrannini E , Fourlanos S , Grunberger G , Heller SR , Henry RR , Kurian MJ , Kush-
ner JA , Oron T , Parkin CG , Pieber TR , Rodbard HW , Schatz D , Skyler JS , Tam-
borlane WV , Yokote K , Phillip M . International consensus on risk management of
diabetic ketoacidosis in patients with type 1 diabetes treated with sodium-glucose
cotransporter (SGLT) inhibitors. Diabetes Care 2019;42:1147–54 . 

55] U.S. Food and Drug Administration. FDA removes Boxed Warning
about risk of leg and foot amputations for the diabetes medicine
canagliflozin (Invokana, Invokamet, Invokamet XR) [Internet]. Available from
https://www.fda.gov/drugs/drug-safety-and-availability/fda-removes-boxed-warnin
Accessed 27 November 2020. 

56] McCullough PA , Kluger AY , Tecson KM , Barbin CM , Lee AY , Lerma EV , Rosol ZP ,
Kluger SL , Rangaswami J . Inhibition of the sodium-proton antiporter (exchanger)
is a plausible mechanism of potential benefit and harm for drugs designed to block
sodium glucose co-transporter 2. Rev Cardiovasc Med 2018;19:51–63 . 

57] Prescribing Information Jardiance (Empagliflozin). Ridgefield, CT: Boehringer In-
gelheim Pharmaceuticals, Inc; 2020 . 
ut-risk-leg-and-foot-amputations-diabetes-medicine-canagliflozin . 

58] Prescribing Information Invokana (Canagliflozin). Titusville, NJ: Janssen Pharma-
ceuticals, Inc; 2019 . 

59] Prescribing Information Farxiga (Dapagliflozin). Wilmington, DE: AstraZeneca Phar-
maceuticals LP; 2020 . 

60] Davies MJ , D’Alessio DA , Fradkin J , Kernan WN , Mathieu C , Mingrone G , Rossing P ,
Tsapas A , Wexler DJ , Buse JB . Management of hyperglycaemia in type 2 diabetes,
2018. A consensus report by the American diabetes association (ADA) and the Euro-
pean association for the study of diabetes (EASD). Diabetologia 2018;61:2461–98 . 

61] Arnett DK , Blumenthal RS , Albert MA , Buroker AB , Goldberger ZD , Hahn EJ ,
Himmelfarb CD , Khera A , Lloyd-Jones D , McEvoy JW , Michos ED , Miedema MD ,
Muñoz D , Smith SC Jr , Virani SS , Williams KA Sr , Yeboah J , Ziaeian B . 2019
ACC/AHA guideline on the primary prevention of cardiovascular disease: a report of
the American college of cardiology/american heart association task force on clinical
practice guidelines. J Am Coll Cardiol 2019;74:e177–232 . 

62] Garber AJ , Abrahamson MJ , Barzilay JI , Blonde L , Bloomgarden ZT , Bush MA , Da-
gogo-Jack S , DeFronzo RA , Einhorn D , Fonseca VA , Garber JR , Garvey WT , Grun-
berger G , Handelsman Y , Hirsch IB , Jellinger PS , McGill JB , Mechanick JI , Rosen-
blit PD , Umpierrez GE . Consensus statement by the American association of clini-
cal endocrinologists and American college of endocrinology on the comprehensive
type 2 diabetes management algorithm - 2019 executive summary. Endocrine Pract
2019;25:69–100 . 

63] Addendum. 9Pharmacologic approaches to glycemic treatment: standards of medi-
cal care in diabetes-2020. Diabetes Care 2020;43(Suppl. 1):S98–S110 Diabetes care .
2020;43:1979 . 

64] Cosentino F , Grant PJ , Aboyans V , Bailey CJ , Ceriello A , Delgado V , Federici M ,
Filippatos G , Grobbee DE , Hansen TB , Huikuri HV , Johansson I , Jüni P , Let-
tino M , Marx N , Mellbin LG , Östgren CJ , Rocca B , Roffi M , Sattar N , Seferovi ć PM ,
Sousa-Uva M , Valensi P , Wheeler DC . 2019 ESC Guidelines on diabetes, pre-diabetes,
and cardiovascular diseases developed in collaboration with the EASD. Eur. Heart
J. 2020;41:255–323 . 

65] Seferovi ć PM , Coats AJS , Ponikowski P , Filippatos G , Huelsmann M , Jhund PS ,
Polovina MM , Komajda M , Seferovi ć J , Sari I , Cosentino F , Ambrosio G , Metra M ,
Piepoli M , Chioncel O , Lund LH , Thum T , De Boer RA , Mullens W , Lopatin Y , Volter-
rani M , Hill L , Bauersachs J , Lyon A , Petrie MC , Anker S , Rosano GMC . European
society of cardiology/heart failure association position paper on the role and safety
of new glucose-lowering drugs in patients with heart failure. Eur. J. Heart Fail.
2020;22:196–213 . 

66] Seferovi ć PM , Fragasso G , Petrie M , Mullens W , Ferrari R , Thum T , Bauersachs J ,
Anker SD , Ray R , Çavu ş o ğlu Y , Polovina M , Metra M , Ambrosio G , Prasad K , Se-
ferovi ć J , Jhund PS , Dattilo G , Čelutkiene J , Piepoli M , Moura B , Chioncel O , Ben
Gal T , Heymans S , de Boer RA , Jaarsma T , Hill L , Lopatin Y , Lyon AR , Ponikowski P ,
Lain ščak M , Jankowska E , Mueller C , Cosentino F , Lund L , Filippatos GS , Rus-
chitzka F , Coats AJS , Rosano GMC . Sodium-glucose co-transporter 2 inhibitors in
heart failure: beyond glycaemic control. A position paper of the heart failure associ-
ation of the European society of cardiology. Eur. J. Heart Fail. 2020;22:1495–503 . 

67] O’Meara E , McDonald M , Chan M , Ducharme A , Ezekowitz JA , Giannetti N ,
Grzeslo A , Heckman GA , Howlett JG , Koshman SL , Lepage S , Mielniczuk LM ,
Moe GW , Swiggum E , Toma M , Virani SA , Zieroth S , De S , Matteau S , Parent MC ,
Asgar AW , Cohen G , Fine N , Davis M , Verma S , Cherney D , Abrams H , Al-Hesayen A ,
Cohen-Solal A , D’Astous M , Delgado DH , Desplantie O , Estrella-Holder E , Green L ,
Haddad H , Harkness K , Hernandez AF , Kouz S , LeBlanc MH , Lee D , Masoudi FA ,
McKelvie RS , Rajda M , Ross HJ , Sussex B . CCS/CHFS heart failure guidelines: clini-
cal trial update on functional mitral regurgitation, SGLT2 inhibitors, ARNI in HFpEF,
and Tafamidis in amyloidosis. Can J Cardiol 2020;36:159–69 . 

68] Maddox TM , Januzzi JL Jr , Allen LA , Breathett K , Butler J , Davis LL , Fonarow GC ,
Ibrahim NE , Lindenfeld J , Masoudi FA , Motiwala SR , Oliveros E , Patterson JH ,
Walsh MN , Wasserman A , Yancy CW , Youmans QR . 2021 update to the 2017 ACC
expert consensus decision pathway for optimization of heart failure treatment: an-
swers to 10 pivotal issues about heart failure with reduced ejection fraction: a report
of the American college of cardiology solution set oversight committee. J Am Coll
Cardiol 2021 . 

69] Arbel R , Aboalhasan E , Hammerman A , Azuri J . Dapagliflozin vs. sacubitril-valsartan
for prevention of heart failure events in non-diabetic patients with reduced ejection
fraction: a cost per outcome analysis. Eur J Prev Cardiol 2020 . 

70] Krittayaphong R , Permsuwan U . Cost-utility analysis of add-on dapagliflozin
treatment in heart failure with reduced ejection fraction. Int. J. Cardiol.
2021;322:183–90 . 

71] Bozkurt B . Reasons for lack of improvement in treatment with evidence-based ther-
apies in heart failure. J Am Coll Cardiol 2019;73:2384–7 . 

72] Vaduganathan M , Sathiyakumar V , Singh A , McCarthy CP , Qamar A , Januzzi JL
Jr , Scirica BM , Butler J , Cannon CP , Bhatt DL . Prescriber patterns of SGLT2i af-
ter expansions of US food and drug administration labeling. J Am Coll Cardiol
2018;72:3370–2 . 

73] Arnold SV , Inzucchi SE , Tang F , McGuire DK , Mehta SN , Maddox TM , Goyal A ,
Sperling LS , Einhorn D , Wong ND , Khunti K , Lam CS , Kosiborod M . Real-world use
and modeled impact of glucose-lowering therapies evaluated in recent cardiovas-
cular outcomes trials: an NCDR® Research to Practice project. Eur J Prev Cardiol
2017;24:1637–45 . 

74] Arnold SV , de Lemos JA , Rosenson RS , Ballantyne CM , Liu Y , Mues KE , Alam S , El-
liott-Davey M , Bhatt DL , Cannon CP , Kosiborod M . Use of guideline-recommended
risk reduction strategies among patients with diabetes and atherosclerotic cardio-
vascular disease. Circulation 2019;140:618–20 . 

75] Pantalone KM , Misra-Hebert AD , Hobbs TM , Ji X , Kong SX , Milinovich A , Weng W ,
Bauman J , Ganguly R , Burguera B , Kattan MW , Zimmerman RS . Antidiabetic treat-
ment patterns and specialty care utilization among patients with type 2 diabetes and
cardiovascular disease. Cardiovasc Diabetol 2018;17:54 . 

http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0038
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0039
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0040
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0041
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0042
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0043
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0043
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0043
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0043
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0043
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0044
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0045
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0045
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0046
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0047
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0048
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0049
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0050
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0050
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0050
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0050
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0050
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0050
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0050
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0050
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0050
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0050
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0051
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0051
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0051
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0052
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0053
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0054
https://www.fda.gov/drugs/drug-safety-and-availability/fda-removes-boxed-warning-about-risk-leg-and-foot-amputations-diabetes-medicine-canagliflozin
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0056
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0056
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0056
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0056
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0056
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0056
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0056
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0056
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0056
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0056
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0057
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0058
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0059
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0060
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0061
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0062
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0063
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0064
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0065
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0066
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0067
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0068
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0069
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0069
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0069
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0069
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0069
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0070
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0070
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0070
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0071
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0071
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0072
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0073
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0074
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0075


B.A. Warden, J. Steiner, A. Camacho et al. American Journal of Preventive Cardiology 6 (2021) 100183 

[  

 

 

 

[  

 

 

[  

 

 

 

[  

 

[  

 

 

 

 

[  

 

 

[  

 

[  

 

[  

[  

 

[  

 

 

[  

 

[  

 

 

[  

 

[  

 

 

[  
76] Hamid A , Vaduganathan M , Oshunbade AA , Ayyalasomayajula KK , Kalogeropou-
los AP , Lien LF , Shafi T , ME Hall , Butler J . Antihyperglycemic therapies with ex-
pansions of US food and drug administration indications to reduce cardiovascular
events: prescribing patterns within an academic medical center. J Cardiovasc Phar-
macol 2020;76:313–20 . 

77] Krumholz HM , Currie PM , Riegel B , Phillips CO , Peterson ED , Smith R , CW Yancy ,
Faxon DP . A taxonomy for disease management: a scientific statement from the
American heart association disease management taxonomy writing group. Circu-
lation 2006;114:1432–45 . 

78] Milfred-Laforest SK , Chow SL , Didomenico RJ , Dracup K , Ensor CR , Gattis-Stough W ,
Heywood JT , Lindenfeld J , Page RL 2nd , Patterson JH , Vardeny O , Massie BM . Clin-
ical pharmacy services in heart failure: an opinion paper from the heart failure so-
ciety of America and American college of clinical pharmacy cardiology practice and
research network. J. Card. Fail. 2013;19:354–69 . 

79] Dunn SP , Birtcher KK , Beavers CJ , Baker WL , Brouse SD , Page RL 2nd , Bittner V ,
Walsh MN . The role of the clinical pharmacist in the care of patients with cardio-
vascular disease. J Am Coll Cardiol 2015;66:2129–39 . 

80] Jacobson TA , Maki KC , Orringer CE , Jones PH , Kris-Etherton P , Sikand G , La Forge R ,
Daniels SR , Wilson DP , Morris PB , Wild RA , Grundy SM , Daviglus M , Ferdinand KC ,
Vijayaraghavan K , Deedwania PC , Aberg JA , Liao KP , McKenney JM , Ross JL ,
Braun LT , Ito MK , Bays HE , Brown WV , Underberg JA . National lipid association
recommendations for patient-centered management of dyslipidemia: part 2. J Clin
Lipidol 2015;9 S1-122.e1 . 

81] Shapiro MD , Maron DJ , Morris PB , Kosiborod M , Sandesara PB , Virani SS , Khera A ,
Ballantyne CM , Baum SJ , Sperling LS , Bhatt DL , Fazio S . Preventive cardiology as
a subspecialty of cardiovascular medicine: JACC council perspectives. J. Am. Coll.
Cardiol. 2019;74:1926–42 . 

82] Kaufman TM , Duell PB , Purnell JQ , Wojcik C , Fazio S , Shapiro MD . Applica-
tion of PCSK9 inhibitors in practice: challenges and opportunities. Circ. Res.
2017;121:499–501 . 

83] Kaufman TM , Warden BA , Minnier J , Miles JR , Duell PB , Purnell JQ , Wojcik C ,
Fazio S , Shapiro MD . Application of PCSK9 Inhibitors in Practice. Circ. Res.
2019;124:32–7 . 

84] Warden BA , Shapiro MD , Fazio S . The role of the clinical pharmacist in a preventive
cardiology practice. Ann Pharmacother 2019 1060028019864669 . 

85] Navar AM , Taylor B , Mulder H , Fievitz E , Monda KL , Fievitz A , Maya JF , Lopez JAG ,
Peterson ED . Association of prior authorization and out-of-pocket costs with patient
access to PCSK9 inhibitor therapy. JAMA cardiology 2017;2:1217–25 . 

86] Desai AS , Maclean T , Blood AJ , Bosque-Hamilton J , Dunning J , Fischer C , Fera L ,
Smith KV , Wagholikar K , Zelle D , Gaziano T , Plutzky J , Scirica B , MacRae CA . Re-
mote optimization of guideline-directed medical therapy in patients with heart fail-
ure with reduced ejection fraction. JAMA cardiology 2020 . 

87] McAlister FA , Stewart S , Ferrua S , McMurray JJ . Multidisciplinary strategies for the
management of heart failure patients at high risk for admission: a systematic review
of randomized trials. J. Am. Coll. Cardiol. 2004;44:810–19 . 

88] Khera R , Valero-Elizondo J , Das SR , Virani SS , Kash BA , de Lemos JA , Krumholz HM ,
Nasir K . Cost-related medication nonadherence in adults with atherosclerotic cardio-
vascular disease in the United States, 2013 to 2017. Circulation 2019;140:2067–75 .

89] Bibeau WS , Fu H , Taylor AD , Kwan AY . Impact of out-of-pocket pharmacy costs on
branded medication adherence among patients with type 2 diabetes. J Manag Care
Spec Pharm 2016;22:1338–47 . 

90] Pawaskar MD , Xu L , Tang Y , Puckrein GA , Rajpathak SN , Stuart B . Effect of medi-
cation copayment on adherence and discontinuation in medicare beneficiaries with
type 2 diabetes: a retrospective administrative claims database analysis. Diabetes
Ther 2018;9:1979–93 . 

91] Eaddy MT , Cook CL , O’Day K , Burch SP , Cantrell CR . How patient cost-sharing trends
affect adherence and outcomes: a literature review. P & T 2012;37:45–55 . 

http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0076
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0076
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0076
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0076
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0076
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0076
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0076
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0076
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0076
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0076
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0077
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0077
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0077
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0077
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0077
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0077
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0077
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0077
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0077
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0078
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0079
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0079
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0079
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0079
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0079
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0079
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0079
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0079
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0079
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0080
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0081
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0082
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0082
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0082
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0082
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0082
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0082
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0082
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0083
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0083
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0083
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0083
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0083
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0083
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0083
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0083
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0083
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0083
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0084
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0084
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0084
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0084
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0085
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0085
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0085
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0085
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0085
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0085
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0085
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0085
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0085
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0085
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0086
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0087
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0087
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0087
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0087
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0087
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0088
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0088
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0088
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0088
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0088
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0088
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0088
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0088
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0088
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0089
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0089
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0089
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0089
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0089
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0090
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0090
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0090
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0090
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0090
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0090
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0090
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0091
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0091
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0091
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0091
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0091
http://refhub.elsevier.com/S2666-6677(21)00038-6/sbref0091

	Optimizing sodium-glucose co-transporter 2 inhibitor use in patients with heart failure with reduced ejection fraction: A collaborative clinical practice statement
	1 Introduction
	2 Pharmacotherapy
	2.1 Historical heart failure with reduced ejection fraction pharmacotherapies
	2.2 Newer heart failure with reduced ejection fraction pharmacotherapies
	2.2.1 Angiotensin receptor-neprilysin inhibitor
	2.2.2 Sodium-glucose co-transporter 2 inhibitors


	3 Medication access
	3.1 Underutilized pharmacotherapy
	3.2 Multi-disciplinary team-based care strategy

	4 A proposed protocol for SGLT2i initiation
	4.1 Roles for heart failure providers
	4.1.1 Prior to sodium-glucose co-transporter 2 inhibitor initiation
	4.1.2 Post-sodium-glucose co-transporter 2 inhibitor initiation

	4.2 Roles for preventive cardiology providers
	4.2.1 Prior to sodium-glucose co-transporter 2 inhibitor initiation
	4.2.2 Post-sodium-glucose co-transporter 2 inhibitor initiation

	4.3 Roles for preventive cardiology pharmacist
	4.4 Preliminary results
	4.5 Challenges

	5 Conclusion and summary recommendations
	Declaration of Competing Interest
	Acknowledgments
	Disclosures
	Authors’ contributions
	References


