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Background: Type 2 diabetes (T2D) patients face increased risk of heart failure (HF) as they age. Sodium-glucose cotransporter 2
inhibitors (SGLT-2i) have demonstrated effectiveness in reducing HF hospitalizations in patients with T2D and HF with reduced
ejection fraction (HFrEF). Diabetes guidelines recommend SGLT-2i therapy for patients with HFrEF; however, SGLT-2i cost is high.
Objective: Study objectives were to assess SGLT-2i utilization and HF hospitalization rates in commercially insured adults (age <65)
with T2D and heart failure with reduced ejection fraction (HFrEF) taking metformin with/without SGLT-2i use and conduct a cost–
benefit analysis of SGLT-2i use from payer and societal perspectives.
Methods: Economic models included HF hospitalization rates from real-world data (RWD) and hospitalization rate reductions from
RWD and SGLT-2i clinical trials. Real-world HF hospitalization rates were obtained from claims data (MarketScan Commercial Database,
years 2013–2018). Societal perspective analyses included indirect costs. Sensitivity analyses were conducted on key parameters.
Results: Among adults with T2D and HFrEF age 30–64, SGLT-2i use increased (1.1% to 17.4%) between 2013 and 2018. The HF
hospitalization rate without SGLT-2i use vs with was 15.5% vs 11.0% (absolute risk reduction of 4.5%). Base case scenario net-benefit
was negative across all payer perspective models, while positive for societal-perspective. Payer perspective overall net-benefit in 30–
64 population: −$1,725,758 (−$4106 per person). Societal perspective net-benefit in 30–64 population: $5,996,851 ($14,269 per
person). In sensitivity analyses, estimated per person base case societal net-benefit of $14,269 was most sensitive to changes in
baseline HF hospitalization rates, post-discharge mortality rates, and readmission rates. Lowering SGLT-2i prescription costs 50% and
80% resulted in per person net-benefit increases of $1737 and $4004, respectively.
Conclusion: SGLT-2i utilization has steadily increased, with lower HF hospitalization rates observed among SGLT-2i users. Societal
benefits of SGLT-2i use in this population are substantive; payer benefits are negative unless SGLT-2i cost is drastically reduced.
Keywords: type 2 diabetes, heart failure, cardiovascular disease, economic impact, cost benefit, net benefit

Plain Language Summary
Sodium-glucose cotransporter 2 inhibitors (SGLT-2i) are new drugs for managing type 2 diabetes (T2D). SGLT-2i use is associated
with reductions in heart failure hospitalizations, but within the United States (US) SGLT-2i are expensive medications. This study
compares the costs and benefits of SGLT-2i use by US individuals 30 to 64 years old with T2D and systolic heart failure. Results show
insurance costs for SGLT-2i treatment exceed avoided hospitalization-related insurance costs, but positive benefits exist when costs
borne by individuals and their caregivers are considered. (Current: 75 Max: 75)

Introduction
One out of every 10 US adults, representing 34.2 million individuals, has diabetes.1 Type 2 diabetes (T2D) is the most
prevalent form of the disease accounting for 95% of the cases.1 Uncontrolled T2D can lead to complications affecting the
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cardiovascular, renal, and nervous systems, resulting in comorbidities such as cardiovascular disease, heart failure (HF),
renal dysfunction, and retinopathy.2 These comorbidities can result in costly economic impacts both for patients and
health care systems. It is estimated that among patients with HF 30–40% have T2D,3 and among patients with T2D, the
risk of HF increases sharply as patients age, with HF prevalence estimates in T2D ranging from 10% to 30%.4 HF with
reduced ejection fraction (HFrEF), called systolic HF, is defined by a left ventricular ejection fraction ≤40% accompanied
by signs of cardiac remodeling and dysfunction.5 HFrEF is estimated to account for 50–80% of HF cases.5,6 For patients
with T2D and HFrEF, initiation of an effective treatment plan is crucial to preventing complications from diabetes and/or
heart failure, in particular, hospitalizations and premature death.

According to the American Diabetes Association (ADA) 2022 Standards of Care, metformin serves as the first-line
treatment for T2D patients.7 If desired HbA1C levels are not reached, adding a second-line agent to the patient’s
medication regimen is recommended, with choice dependent on patient characteristics (presence of comorbidities,
weight, renal function).8 Two antihyperglycemic drug classes, glucagon-like peptide-1 (GLP-1) receptor agonists and
sodium-glucose cotransporter 2 inhibitors (SGLT-2i) have demonstrated cardiovascular (CV) safety and CV risk reduc-
tion among patients at high CV risk.8,9 The ADA 2022 Standards of Care now prefer SGLT2i for T2D management in the
setting of HFrEF, regardless of HbA1C level, as clinical trials have demonstrated a significant reduction in HF
hospitalization rates in T2D patients with comorbid HFrEF.7,10–12

The first SGLT-2i was approved by the US Food and Drug Administration (FDA) in March 2013, and four SGLT-2i
products are now on the market.13 However, higher prescription costs of SGLT-2is compared to other second-line lower
cost anti-hyperglycemic drugs may serve as a deterrent for use by both prescribers and patients. While some economic
studies have predicted SGLT-2i use to be cost-effective based on clinical trial data, real-world utilization rates of SGLT-2i
use in T2D and comorbid HFrEF patient populations are still largely unknown.14–20 Additionally, few reported studies
have focused solely on the economic impact of SGLT-2i on HF hospitalization for a US T2D with comorbid HFrEF
population, and few have utilized real-world data in examining the economic impact.14–20 Historically, HFrEF studies
have typically been conducted in older populations, primarily age ≥65 years. The clinical and economic impact of SGLT-
2i for younger populations is largely unreported. SGLT-2i use has been shown in clinical trials to reduce the risk of HF-
related events; however, there has been no published report of an economic analysis that uses a real-world patient
population data to quantify the economic impact of reduced HF hospitalization rates secondary to SGLT-2i utilization in
T2D and HFrEF comorbid patients from a societal perspective.

The objectives of this study were to 1) quantify actual and potential SGLT-2i utilization rates and HF hospitalization
rates in a commercially insured adult population (age <65) with T2D and comorbid HFrEF and 2) perform a cost–benefit
analysis (CBA) of SGLT-2i use for the same population from a health care payer and a societal perspective.

Methods
The study used a retrospective cross-sectional research design to determine real-world SGLT-2i utilization and HF
hospitalization rates in patients with T2D and HFrEF observed in a US national, commercial insurance claims database.
The real-world rates, along with published SGLT-2i clinical trial event risk rates and estimates from other publicly
available sources, were used to develop CBA economic models from health care payer and societal perspectives of
SGLT-2i use among adults age <65 with T2D and comorbid HFrEF over a 1-year time horizon. Models assumed a large
(1,000,000 members) commercially insured population. Results are stated as net-benefit and benefit-to-cost ratios. One-
way sensitivity analyses of five key parameter assumptions were performed.

Data Source
Real-world data from the IBM MarketScan® Commercial database for calendar years 2013 through 2018 was used to
estimate annual SGLT-2i utilization and HF hospitalization rates for the study population.21 MarketScan is a claims
database with medical service (eg, inpatient, outpatient) and outpatient pharmacy utilization, as well as enrollment data.22

The data pertains to >40 million US individuals with employer-provided health insurance coverage from a variety of fee-
for-service preferred provider organizations, and capitated health plans. Other data sources for model cost and benefit
estimates included published SGLT-2i clinical trial findings and relevant peer-reviewed articles.
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Study Population
MarketScan data for years 2013–2018 included adults 18–64 years old with T2D and HFrEF. Inclusion criteria for
each year included continuous insurance coverage, at least one primary or secondary diagnosis of T2D and of HFrEF, and
at least one prescription fill for metformin. Diagnoses were determined by ICD-9 and ICD-10 codes (Supplementary
Table 1). T2D and type 1 diabetes (T1D) codes were identified using Healthcare Cost and Utilization Project (HCUP)
Clinical Classification Software (CCS) classifications.23,24 Exclusion criteria included individuals with diagnosis of T1D,
or a prescription claim for any agent within the thiazolidinedione class (thiazolidinediones are contraindicated in
New York Heart Association Class III–IV HF due to risk of fluid retention and HF exacerbations).25

For each year, individuals with at least one prescription fill (based on outpatient pharmacy claims) for an SGLT-2i
(canagliflozin, empagliflozin, dapagliflozin) were categorized as having SGLT-2i use. Hospitalizations with a primary
diagnosis of HF for individuals with and without SGLT-2i use were identified and rates calculated for each group.
Summaries were by age group (18–29, 30–44, 45–54, 55–64); however, the 18–29 age group was too small to support
estimates (<20 individuals with SGLT-2i use in all years), and therefore the model included individuals 30–64 years of
age (Supplementary Tables 2 and 3). Trends across years 2013–2018 were reviewed and the most recent, 2018, was used
for economic model parameter estimates.

Costs
Costs included the annual SGLT-2i treatment cost and treatment costs for adverse events associated with SGLT-2i use.
SGLT-2i prescription costs were obtained for canagliflozin, empagliflozin, and dapagliflozin using Micromedex’s
Redbook.26 A once-daily regimen annual cost was estimated by multiplying the average wholesale unit price (AWP)
by 365 days (adherence assumed to be 100%). In the base case scenario, AWP prices were discounted by 27% to account
for standard medication discounts/rebates.27 Event rates (Table 1) and treatment costs (Table 2) due to common and
potential high-risk SGLT-2i-induced adverse events (urinary tract infections, genital mycotic infections, diabetic ketoa-
cidosis) were from previously published literature or HCUP 2017 data. All costs were standardized to 2020 values using
the annual Medical Consumer Price Index (CPI).28

Benefits
Benefits in the CBA model were determined from cost reductions for the SGLT-2i use population associated with
decreased HF hospitalizations and post-hospitalization CV specific mortality over a 1-year period. Direct medical costs
included initial HF hospitalizations and rehospitalizations, as well as post-discharge care costs. HF hospitalization costs
were obtained from 2017 HCUP data using HF ICD-10 codes.29 Post-discharge costs (skilled nursing facility (SNF),
home-healthcare) were estimated from published studies.30,31

The societal perspective CBA included indirect costs. These costs were estimated by age category and were
associated with lost productivity due to hospitalizations, post-discharge care, or premature mortality. Costs were
calculated using the human capital method where time spent in hospital for HF or recovery post-discharge was multiplied
by the estimated lost wages per respective age group. The HF hospitalization time period was calculated based on
average inpatient length of stay obtained from 2017 HCUP hospital discharge data (length of stay did not differ across
age groups), and published literature was used for outpatient post-hospitalization recovery time.29,30 Base case post-
hospitalization HFrEF mortality was estimated from published literature.32 Reductions in post-hospitalization CV
specific mortality were obtained from the SGLT-2i clinical trials: CANVAS, EMPA-REG, and DECLARE-TIMI.10–12

Wage rates and losses due to premature morality were based on US annual and lifetime labor productivity estimates
reported by Grosse et al, which were calculated using a 3% discount rate.33

CBA Model Calculations
The CBA model insured population age distribution was determined from the 2019 US CENSUS.34 Prevalence of T2D in
the population was calculated using CDC estimates.1 Net-benefit and benefit-to-cost ratios were estimated for each age
category, and for the age 30–64 population overall.
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The economic impact of SGLT-2i use was modeled using two methods: real-world and trial-based. Both methods used
age-group-specific real-world rates for baseline HF hospitalization rates for the “no SGLT-2i” group, and a baseline HF
rehospitalization rate of 21% was applied to the “no SGLT-2i use” group based on literature examining the rates of
rehospitalization in HFrEF patients.35 In the real-world model, “SGLT-2i use” group HF hospitalization rates were
estimated using real-world relative rates for the “SGLT-2i use” group compared to the “no SGLT-2i” group. In the trial-
based models, the “SGLT-2i use” group HF hospitalization rates were estimated using relative rates reported in the
CANVAS, EMPA-REG, and DAPA-HF clinical trials (each trial was modeled separately).10–12

Table 1 Event Estimates by Age Group

Event Estimate Source

Hospitalization Rate No SGLT-2i
Any Primary HF Age 30–64 15.5% [21]

Any Primary HF Age 30–44 16.4% [21]

Any Primary HF Age 45–54 17.3% [21]
Any Primary HF Age 54–64 14.7% [21]

Hospitalization Rate (Relative Risk)- SGLT-2i
Any Primary HF Age 30–64 11.0% (0.70) [19]
Any Primary HF Age 30–44 13.0% (0.79) [19]

Any Primary HF Age 45–54 8.8% (0.51) [19]
Any Primary HF Age 54–64 11.8% (0.80) [19]

Rehospitalization Rate NO SGLT-2i
Age 30–64 21.0% [35]
Clinical Trial HF Hospitalization Relative Risk (HR, SGLT-2i vs no SGLT-2i)
CANVAS 0.51 [10]

DECLARE-TIMI 0.64 [11]
EMPA-REG 0.65 [12]

Clinical Trial CV Mortality Relative Risk (HR, SGLT-2i vs no SGLT-2i)
CANVAS 0.72 [8]
DECLARE-TIMI 0.55 [9]

EMPA-REG 0.62 [10]

Percent Discharged Nursing Facility
Age 30–44 3.5% [29]

Age 45–64 7.8% [27]

Percent Discharged to Home
Age 30–44 74.1% [27]

Age 45–64 66.9% [27]

Age 30–44 w/Home Healthcare 11.2% [27]
Age 45–64 w/Home Healthcare 14.7% [27]

Mortality Rates
Inpatient 3.6% [27]
One-year post-discharge 22% [34]

Length of Stay
Mean LOS HF Hosp (days) 5.36 [27]
Mean LOS NF (days) 180 [28]

Mean LOS Home (days) 90 [28]

SGLT-2i Adverse Event Rates
UTI Average 5.05% [50–56]

GMI Average 6.31% [50–56]

DKA Average 0.25% [50–55]

Abbreviations: CV, cardiovascular; DKA, diabetic keto acidosis; GMI, genital mycotic infection; HF, heart failure; HR, hazard ratio; LOS,
length-of-stay; NF, nursing facility SGLT-2i, sodium glucose cotransporter-2 inhibitor; T2D, type 2 diabetes; UTI, urinary tract infection.
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An inpatient mortality rate of 3.6% for HFrEF hospitalizations was applied to both real-world and trial-based
models.29 Both real-world and trial-based models used a 1-year mortality estimate of 22% among individuals discharged
alive from a HF hospitalization as the base case scenario for the “no SGLT-2i use” groups.36 As a conservative estimate,
no reductions in inpatient mortality were applied to the “SGLT-2i use” groups. One-year mortality for the “SGLT-2i use”
groups was estimated using CV specific clinical trial mortality relative risk rates in trial-based models.10–12 The CV
mortality risk rate from EMPA-REG, as a middle value between the CANVAS and DECLARE-TIMI rates, was applied
to the real-world model.12

Net-benefit was determined by subtracting the total SGLT-2i treatment cost (prescription and adverse event costs)
from the total benefit. Benefit was calculated as the difference in HF hospitalization-related costs between the two
treatment groups (SGLT-2i vs no SGLT-2i). Benefit was assessed as direct medical cost savings (hospitalization and
post-discharge costs averted) for the health payer perspective analysis, and as both direct medical and indirect cost
savings for the societal perspective. Net-benefit is reported for the population overall and as a net-benefit-per-person.
The benefit-to-cost ratio was calculated by dividing the total benefit by the total costs of SGLT-2i treatment for both
perspectives. Benefit-to-cost ratio results are reported in the supplementary material (Supplementary Table 4).

Table 2 Inventory of Cost Estimates

Estimate Source

Direct Medical Costs
HF Hospitalization
Age 18–44 $22,411.88 [27]

Age 45–64 $17,500.94 [27]
SGLT-2i Prescription (1 Year)
Canagliflozin $5450.47 [26]

Dapagliflozin $5329.58 [24]
Empagliflozin $5765.83 [24]

Average Cost $5515.30
Treatment Associated with SGLT-2i Adverse
Events
UTI Standard Treatment $ 1.10 [56]
UTI Hospitalization $11,132.37 [27]

GMI Standard Treatment $4.15 [44]

GMI Hospitalization $9459.77 [27]
DKA Hospitalization $8262.97 [27]

Post discharge Healthcare Costs
SNF $47,556.47 [30]
Home Healthcare $3446.76 [31]

Indirect Costs
Productivity Estimates per Day
Age 35–44 $309.26 [33]

Age 45–54 $264.92 [31]
Age 55–64 $210.51 [31]

Lost Productivity (Pre-Mature Mortality)
Deceased Age 35–44 $1,254,143.42 [31]
Deceased Age 45–54 $845,044.94 [31]

Deceased Age 55–64 $376,562.35 [31]

Abbreviations: DKA, diabetic keto acidosis; GMI, genital mycotic infection; HF, heart failure;
SGLT-2i, sodium glucose cotransporter-2 inhibitor; UTI, urinary tract infection; SNF, skilled
nursing facility.
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Sensitivity Analyses
One-way sensitivity analyses for the societal perspective analyses were performed varying five key parameters:
hospitalization rates, readmission rates, post-discharge mortality rates, HF hospitalization costs, and SGLT-2i prescription
costs. Baseline HF hospitalization rates were varied ±5%. Baseline readmission rates were varied by ±2%. The baseline
post-discharge mortality rate was not specific to a population <65 years of age; using estimates assessing HF mortality in
younger populations, two lower bounds were set at 12% and 5%.37–39 To account for the potential of rising healthcare
costs in the future, the cost of a HF hospitalization was increased by 20%. Lastly, to evaluate the impact of price
reductions of SGLT-2i due to release of generic alternatives or other downward pressures on price, two lower bounds at
50% and 80% reduction of the original AWP were modeled. Results of sensitivity analyses are summarized as changes to
the estimated net-benefit-per-person.

Results
Population and SGLT-2i Utilization
Supplementary Table 2 provides a summary of model population estimates by age group category. For the 30–64
population, the model assumes a T2D prevalence of 7.5%, and based on MarketScan 2018 estimates, a real-world T2D
with HF prevalence for age 30–64 of 3.2%, with 40.3% having HFrEF. The real-world SGLT-2i utilization trends for
years 2013–2018 are presented in Supplementary Table 3. Among patients age 30–64, SGLT-2i use in eligible patients
increased from 1.1% to 17.4% between 2013 and 2018. Patients aged 55–64 accounted for approximately 60% of
patients with SGLT-2i use across the 5-year time period, and the mean overall age for the model population was 55.6
years.

Hospitalization Rates
The real-world hospitalization rates are shown in Table 1. Overall, the hospitalization rate for a primary HF diagnosis
was 15.5% among patients without SGLT-2i use and 11.0% in those with SGLT-2i use, an absolute risk reduction (ARR)
of 4.5%. SGLT-2i users’ real-world relative risk rates for HF hospitalizations and those observed in clinical trials are
summarized by age group (see Table 1). The overall real-world HF hospitalization relative risk in patients on SGLT-2i
was 0.70. The greatest real-world HF hospitalization reduction was observed for the 45–54 age group, where the relative
risk of 0.51 was similar to that observed in the CANVAS study (HR=0.51). Real-world relative risks for the 30–44 and
54–64 age groups, at 0.79 and 0.80, respectively, were higher than reported clinical trial rates.

Base Case
The results of the base case scenario are reported as net-benefit in Figures 1 and 2 for both the real-world and trial-based
models from health care payer and societal perspectives. Benefit-to-cost ratios are summarized in the Supplementary
Table 4. When only direct medical benefits were examined, net-benefit and benefit-to-cost ratios did not demonstrate
benefit (Figure 1). Under a health care payer perspective, the average SGLT-2i treatment-related costs were $5538 per
person and the real-world overall net-benefit for the 30–64 population was −$1,725,758 (−$4106 per person). Across
models using clinical trial data, payer perspective net-benefit ranged from −$1,423,717 (−$3388 per person) to −
$1,657,187 (−$3943 per person). However, when indirect cost savings (productivity losses averted) were included in
the societal perspective analysis, both net-benefit and benefit-to-cost ratios demonstrated benefit. Under a societal
perspective, real-world net-benefit for the 30–64 population was $5,996,851 ($14,269 per person) and clinical trial
model benefits ranged from $6,485,361 ($15,431 per person) to $7,230,434 ($17,204 per person) (Figure 2).

Figures 1 and 2 illustrate that trends in net-benefits were consistent across age groups and model type. Under
a societal perspective, the 45–54 age group derived the greatest net-benefit from SGLT-2i use across all models with net-
benefits ranging from $3,735,593 to $4,238,033 (Figure 2). This corresponds to $8888 and $10,084 per person. In
comparison, the 30–44 age group received the least net-benefit across all societal perspective models with net-benefits
ranging from $838,939 to $1,188,580 ($1996–$2828 per person) (Figure 2), but also received the lowest negative net-
benefits from a health care payer perspective (Figure 1).
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Sensitivity Analyses
Sensitivity analysis results for the real-world societal perspective model are shown in Figure 3. Results are per person
net-benefit across ages 30–64. Clinical trial-based sensitivity analyses were consistent with the real-world sensitivity
analyses (see Supplementary Figure 1–3). The estimated per person base case net-benefit of $14,269 was most sensitive
to changes in baseline HF hospitalization rates, post-discharge mortality rates, and the readmission rates. When baseline
hospitalizations were set at the lower bound (−5%), the base case net-benefit was reduced by $14,969, resulting in a net-
benefit of −$700 per person; at the baseline hospitalization rate upper bound (+5%) there was an $8831 increase in net-
benefit, resulting in a net-benefit of $23,100 per person. At the lowest post-discharge mortality bound (6%) the reduction
of net-benefit from base case was $12,518 and at the lower post-discharge mortality bound (12%) there was a $7364
reduction of net-benefit, resulting in net-benefits of $1751 and $6905 per person, respectively. At the readmission rate

Figure 1 Base case direct net-benefit results by age category. Net-benefit for base case scenario from health care payer perspective. Real-world (RW) and trial model
results are reported for ages 30–64. Real-World – solid black, CANVAS – vertical stripe, DELCARE-TIMI – horizontal strip, EMPA-REG – diagonal stripe.

Figure 2 Base case societal net-benefit results by age category. Net-benefit for base case scenario from societal perspective. Real-world (RW) and trial model results are
reported for respective age categories and for ages 30–64 combined. Real-World – Grey, CANVAS – purple, DELCARE-TIMI – pink, EMPA-REG – light blue.
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upper bound (23%) there was a $7813 increase in net-benefit, and at the lower bound (19%) there was a $5278 reduction,
resulting in $22,082 and $8991 per person, respectively. An 80% reduction of SGLT-2i prescription costs resulted in
a $4004 net-benefit increase, and a 50% price reduction, in a $1737 net-benefit increase, resulting in a net-benefit of
$18,273 and $16,006 per person, respectively. Results of the net-benefit and benefit-to-cost ratios of SGLT-2i prescription
cost sensitivity analysis for real-world and trial-based models are provided in Supplementary Table 5.

Discussion
Real-world SGLT-2i utilization rates increased from 2013 to 2018 in this US population aged 30 to 64. However, in 2018
less than 20% of the eligible patients received an SGLT-2i. SGLT-2i use is now recommended by ADA Standards of
Medical Care for individuals with T2D and HFrEF, and the increased utilization of SGLT-2i in this population will likely
continue.

The observed real-world HF hospitalization relative rates support findings reported in the SGLT-2i clinical trials.
A real-world ARR of 4.5% in HF hospitalizations was observed from the MarketScan data, a reduction comparable to the
ARRs reported in the clinical trials: CANVAS (2.5%), DECLARE-TIMI (5.5%), and EMPA-REG (1.4%).10–12 The
minimum enrollment age for the CANVAS, DECLARE-TIMI, and EMPA-REG was 30, 40, and 18, respectively, and the
median age was between 63 and 65 years.10–12 A recent meta-analysis of RCT data for 10 studies examining SGLT-2i use
among individuals with T2D and HFrEF found similar risk reductions between individuals age ≥65 and those <65 for the
primary outcome of cardiovascular death or hospitalization for heart failure.40 The <65 age MarketScan population (age
30–64) in this study reflects a real-world SGLT-2i user population. In this population, the relative HF hospitalization rate
of 0.70 was attenuated from, but was still similar to, rates observed in the clinical trials: CANVAS (0.51), DECLARE-
TIMI (0.64), and EMPA-REG (0.65).10–12

As in other US SGLT-2i economic evaluations, we estimated a high annual cost for SGLTI-2i use, $5515 (2021
dollars).15,18,20 Using this cost estimate, SGLT-2i’s show a negative per person net-benefit of −$4106 for 1 year of use
under the health care payer perspective when effectiveness regarding HF hospitalization and post-discharge mortality is
examined. A sensitivity analysis reducing SGLT-2i cost by 80% shifted the net-benefit higher by $4004. For the payer
perspective, this would essentially equalize costs and benefits. In a recent economic evaluation for dapagliflozin use
among individuals with T2D and HFrEF from a UK payer perspective, the annual cost of SGLT-2i use was less than
£500.17 Converted to US$ using 2020 exchange rates, that SGLTI-2i cost would be less than $700, a price reduction from
our base case estimate of >85%.

CBAs unlike cost-effectiveness analyses (CEAs) allow for direct comparison between benefits and costs as both are
reported in monetary units. The ability to report benefits as a monetary value (US dollars) rather than incremental health
benefits or quality-adjusted life-years (QALY), as seen in CEAs, is important for use and ease of interpretation by payers

Figure 3 MarketScan ages 30–64 societal net-benefit (per person). Results of the one-way sensitivity analysis for CBA societal perspective model using real-world data.
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and policy makers alike who may be unfamiliar with pharmacoeconomic methodologies. Often coverage decisions made
by payers are centered around clinical benefits of an intervention and the associated economic impact the intervention
may have. Our study reported both real-world utilization and hospitalization rates as well as the results of a model-based
CBA in order to illustrate the current effects of SGLT2-i use in HFrEF and potential economic impacts.

Despite net-benefits not overcoming the prescription costs under the health payer perspective, societal net-benefits are
substantial. Our CBA models calculated net-benefits (cost savings) for individuals age 30–64 ranging from $6,094,674 to
$8,487,709. The real-world per person net benefit was $14,269. These societal cost savings indicate the significant cost
burden due to HF hospitalizations and subsequent post-discharge care and CV-related mortality that can be averted with
the use of SGLT-2i in T2D patients with HFrEF. McEwan et al used a lifetime Markov model for worsening HF
(hospitalizations, urgent care, adverse events) and all-cause mortality among a population with T2D and HFrEF (average
age 66).17 They estimated average life-years of 6.20 for dapagliflozin users compared to 5.62 for non-SGLT-2i users.17

Time spent in the hospital and recovering at post-discharge facilities or at home is time that a patient may be unable to
work and/or to participate in normal activities. This is particularly impactful in a younger population, such as the one
modeled in our study.

In this age 30–64 population with T2D the prevalence of HF was 3.2%, with HF prevalence 4.1% for the 55–64 age
group. Few studies have examined HF prevalence in T2D populations by age group.41 HF prevalence in the EMPA-REG
study was 10%, and in the CANVAS study was 14–15%, rates substantively higher than in our study.3,41 The mean age in
those clinical trial populations was 63–64 years, an older average compared to the mean age of 56 years in the
MarketScan data. HF prevalence has been previously observed to increase sharply with age, and further studies
examining prevalence of HF in younger populations are needed.4,42

Our study modeled HF hospitalization events for patients with T2D and HFrEF. More recently, similar effectiveness
has been demonstrated with empagliflozin in individuals with heart failure with preserved ejection fraction (HFpEF) with
or without diabetes.43 The guideline for the management of HF now recommends SGLT2i use for patients with either
HFrEF or HFpEF including those without diabetes.44 In addition, empagliflozin and canagliflozin have demonstrated
a reduction in composite major adverse cardiac events (MACE).10,12 The benefit of SGLT-2i’s may be underestimated
when only the impact of HF hospitalization and post-discharge mortality are assessed, and only for patients with T2D and
HFrEF. In comparison to McEwan et al, Kansal et al estimated the cost-effectiveness from a UK payer perspective of
empagliflozin use in a population with T2D and established cardiovascular disease (average age 63) using a lifetime
discrete event simulation that modeled 10 potential clinical events.16 They reported average life-years for empagliflozin
users was 14.0 compared to 11.9 for non-SGLTI-2i users.16 SGLT-2i’s have demonstrated renoprotective effects, and
these were included in the analysis by Kansal et al.16,45 Importantly, the renal protective effects that SGLT-2i have
demonstrated in clinical trials may prove to have substantial cost savings, especially when SGLT-2i use is initiated in
younger populations before significant renal dysfunction has occurred.45,46

The one-way sensitivity analyses’ results indicate that HF hospitalization, hospital readmission, and mortality rates
have the largest impact on net-benefit determination. Results were particularly sensitive to reductions in baseline HF
hospitalizations, producing a negative net-benefit in the societal perspective, real-world model. These results are expected
as a decreased risk of HF hospitalization or post-discharge mortality decreases the need at a population level for high
dollar treatments to prevent these events. Our HF hospitalization cost was lower than estimates in other studies.18,20

Increasing the HF hospitalization cost by 20% in the sensitivity analysis however had minimal impact on results.
Discounts in SGLT-2i prescription costs increased the net-benefit of SGLT-2i use, suggesting price reductions or generic
alternatives for SGLT-2i in the future may increase the net-benefit of SGLT-2i use from both a health care payer and
societal perspective.

Limitations
This study utilized HF hospitalization events captured in a 1-year time frame, and likely underestimated the impact of
SGLT-2i on HF hospitalization rates. Nguyen et al estimated the cost-effectiveness of empagliflozin at preventing CV
morbidity and mortality among patients with T2D and high CV risk from a US payer perspective.18 Using a lifetime
Markov model they estimated an incremental cost per quality-adjusted life-year for SGLT-2i use of $76,167. Annual
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incidence of HF hospitalization was lower than in our study population with T2D and HFrEF, and SGLT-2i drug cost was
a wholesale acquisition cost estimate and was 15% higher than our SGLT-2i cost estimate. Only direct medical costs of
HF hospitalization and post-discharge care were modeled in our study. Other costs associated with HFrEF post-discharge
patient care (office visits, emergency department visits, etc.) not incorporated into the model may further underestimate
avoided costs associated with SGLT-2i use.

Benefits associated with reductions in mortality were the overwhelming driver of benefits in our societal model,
particularly for those with the greatest number of future productive years, those age 30–44. Avoided mortality was valued
in this study using the human capital approach – the discounted sum an individual would have otherwise earned had the
individual not died. While friction cost is an alternative method sometimes used in cost-effectiveness analyses,
particularly analyses where a quality-adjusted life-year (QALY) is the outcome, cost–benefit analyses have traditionally
utilized a human capital approach or willingness to pay approach (embodied by the value of a statistical life).47 In our
analysis, the lost productivity estimate was assumed to apply to all individuals in the population. While this may
overstate lost productivity using a definition of foregone wages, we believe it more equitably estimates value for avoided
mortality between employed and unemployed individuals.

We used MarketScan as the source for real-world SGLT-2i utilization and event rates for individuals with T2D and
HFrEF. MarketScan is an administrative claims database, and diagnosis attributions for individuals may have been
misclassified. Real-world SGLT-2i users were identified based on having at least one prescription claim. Including
individuals with only one prescription claim however serves to underestimate benefits as reductions in costly events due
to SGLT-2i use are thus attenuated. Though not truly reflective of real-world utilization trends, adherence to SGLT-2i
therapy was assumed to be 100% to reflect optimal treatment. There is likely a substantive difference in adherence rates
between clinical trial and real-world use. These limitations related to prescriptions may be one reason the magnitude of
the overall relative risk reduction (0.70) was diminished for the MarketScan population compared to the clinical trials. Of
note, however, the age 45–54 group in the MarketScan population had a larger divergence in HF hospitalization rate
between SGLT-2i and no SGLT-2i use (8.8% vs 17.3%) than the age 55–64 group (11.8% vs 14.7%). While a recent
meta-analysis found similar risk reduction rates for a combined outcome of HF hospitalization and cardiovascular death
between individuals age ≥65 and <65, examination of potential differential effects in age groups <65 warrants further
study.40 Recently, the Patient-Centered Outcomes Research Institute (PCORI) funded two research studies on second-line
therapies for individuals with T2D and moderate cardiovascular risk.48,49 These studies should provide real-world
effectiveness and safety information that will be useful for both patients and providers.

This study focused on adults age <65, ultimately creating a model for individuals aged 30–64. Published peer-
reviewed information on HF-related events for individuals <65 is limited; therefore, some estimates utilized in the model
were not specific to a younger population. Sensitivity analyses served to account for differences in rates that may apply to
a younger population. However, parameter inputs of recovery time in nursing facilities or at home were obtained from
literature that focused primarily on ≥65 populations and these estimates were not altered within sensitivity analyses.
Therefore, indirect cost savings may be slightly overestimated. While this study provided a unique perspective as
younger adults with HFrEF are rarely the primary focus in HF studies, similar studies examining the impact of SGLT-2i
among individuals age ≥65 years would be informative.

Conclusion
SGLT-2i utilization steadily increased among individuals with T2D and HFrEF from <5% in 2013 to 18% in 2018, with
lower HF hospitalization rates observed among SGLT-2i users. Real-world data support a beneficial effect of SGLT-2i
use on HF hospitalization rates in patients with T2D and HFrEF. RWD HF hospitalization relative risk rates were
consistent with clinical trial rates from CANVAS, DECLARE-TIMI and EMPA-REG despite being representative of
a younger working population. SGLT-2i utilization rates have increased over a 5-year span in patients with T2D and
HFrEF and likely will continue to increase as prescribing practices align with current ADA guidelines. The current high
prescription costs prevent SGLT-2i from demonstrating a positive net-benefit under a health payer perspective despite
cost savings obtained from HF hospitalizations and post-discharge deaths averted. However, SGLT-2i demonstrates
significant positive net benefit under a societal net-benefit when cost savings from productivity loss is incorporated.
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Future studies should focus on the additional economic impact of SGLT-2i’s renoprotective and composite MACE
effects, and perhaps should employ a longitudinal perspective to investigate compounded benefit of SGLT-2i patients
with T2D and HFrEF or HFpEF over time.
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