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BACKGROUND: The sodium glucose cotransporter- 2 inhibitors are guideline- recommended to treat heart failure across the 
spectrum of left ventricular ejection fraction; however, economic evaluations of adding sodium glucose cotransporter- 2 inhibi-
tors to standard of care in chronic heart failure across a broad left ventricular ejection fraction range are lacking.

METHODS AND RESULTS: We conducted a US- based cost- effectiveness analysis of dapagliflozin added to standard of care in 
a chronic heart failure population using pooled, participant data from the DAPA- HF (Dapagliflozin and Prevention of Adverse 
Outcomes in Heart Failure) and DELIVER (Dapagliflozin Evaluation to Improve the Lives of Patients With Preserved Ejection 
Fraction Heart Failure) trials. The 3- state Markov model used estimates of transitional probabilities, effectiveness of dapagliflo-
zin, and utilities from the pooled trials. Costs estimates were obtained from published sources, including published rebates in 
dapagliflozin cost. Adding dapagliflozin to standard of care was estimated to produce an additional 0.53 quality- adjusted life 
years (QALYs) compared with standard of care alone. Incremental cost effectiveness ratios were $85 554/QALY when using 
the publicly reported full (undiscounted) Medicare cost ($515/month) and $40 081/QALY, at a published nearly 50% rebate 
($263/month). The addition of dapagliflozin to standard of care would be of at least intermediate value (<$150 000/QALY) at a 
cost of <$872.58/month, of high value (<$50 000/QALY) at <$317.66/month, and cost saving at <$40.25/month. Dapagliflozin 
was of at least intermediate value in 92% of simulations when using the full (undiscounted) Medicare list cost in probabilistic 
sensitivity analyses. Cost effectiveness was most sensitive to the dapagliflozin cost and the effect on cardiovascular death.

CONCLUSIONS: The addition of dapagliflozin to standard of care in patients with heart failure across the spectrum of ejection 
fraction was at least of intermediate value at the undiscounted Medicare cost and may be potentially of higher value on the 
basis of the level of discount, rebates, and price negotiations offered.
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The sodium glucose cotransporter- 2 inhibitors 
(SGLT2is) reduce cardiovascular events in patients 
with heart failure (HF), irrespective of chronicity of 

illness, care location, and left ventricular ejection frac-
tion (LVEF).1 Most recently, the DELIVER (Dapagliflozin 
Evaluation to Improve the Lives of Patients With 
Preserved Ejection Fraction Heart Failure) trial, the 
largest trial of HF with mildly reduced or preserved 
ejection fraction, demonstrated an 18% reduction in 
cardiovascular death or worsening HF events and im-
provements in health- related QoL.2 These data add to 

the totality of evidence supporting the role of SGLT2is 
as foundational therapy in HF across the spectrum of 
LVEF.1,3 Clinical practice guidelines now support the 
use of SGLT2is in patients with HF with reduced, mildly 
reduced, and preserved ejection fraction.4

Despite a robust evidence base and updated guide-
line recommendations, implementation of SGLT2is has 
been slow and incomplete, which may, in part, be due 
to barriers to access. Previous cost effectiveness anal-
yses based on US cost inputs have suggested that the 
SGLT2i dapagliflozin has intermediate economic value 
on the basis of conventional cost effectiveness thresh-
olds in HF care,5,6 but modeling was limited to a seg-
ment of the HF population (those with HF with reduced 
ejection fraction). Dedicated cost effectiveness anal-
yses of this class in preserved ejection fraction have 
established low to intermediate value of this therapy 
based on those same thresholds but did not capture 
the total HF hospitalization and were limited only to 
those with ejection fraction (EF) that was not frankly 
reduced.7 This therapy is now guideline recommended 
and used across the full spectrum of LVEF; how-
ever, cost effectiveness for all patients with HF is un-
known.8–10 We leverage pooled, individual participant 
data from the complementary DAPA- HF (Dapagliflozin 
and Prevention of Adverse Outcomes in Heart Failure) 
and DELIVER trials to examine the cost effectiveness 
of dapagliflozin added to standard of care in a chronic 
HF population across the spectrum of EF and across 
various available cost estimates for dapagliflozin.

METHODS
The sponsor of these trials is committed to sharing 
access to patient- level data and supporting clini-
cal documents from eligible studies with qualified 
external researchers. These requests are reviewed 
and approved by an independent review panel on 
the basis of scientific merit. All data provided are 
anonymized to respect the privacy of patients who 
have participated in the trial, in line with applicable 
laws and regulations. The trial data availability is ac-
cording to the criteria and process described here: 
https:// astra zenec agrou ptria ls. pharm acm. com/ st/ 
submi ssion/  discl osure .

Model and Patient Population
We constructed a 3- state Markov model to estimate 
the cost effectiveness of dapagliflozin added to stand-
ard of care in patients with chronic HF, regardless of 
LVEF, using pooled, individual participant data from 
DAPA- HF and DELIVER. DAPA- HF was a double- blind, 
placebo- controlled, global trial that randomized 4744 
ambulatory patients with New York Heart Association 
class II to IV HF and EF ≤40% enrolled from February 

CLINICAL PERSPECTIVE

What Is New?
• This analysis examines the cost effectiveness 

and economic value of dapagliflozin for the 
treatment of heart failure across the full spec-
trum of left ventricular ejection fraction.

• The findings suggest that dapagliflozin is of in-
termediate value in heart failure at the current 
undiscounted cost; rebates and other discounts 
may improve the cost effectiveness of this 
therapy.

What Are the Clinical Implications?
• Additional factors, including announced 

Medicare price negotiation for dapagliflozin as 
part of the Inflation Reduction Act, with effec-
tive data planned as early as 2026, may further 
enhance the economic value of this therapy in 
the near future.

Nonstandard Abbreviations and Acronyms

DAPA- HF Dapagliflozin and 
Prevention of Adverse 
Outcomes in Heart 
Failure

DELIVER Dapagliflozin 
Evaluation to Improve 
the Lives of Patients 
With Preserved 
Ejection Fraction Heart 
Failure

EMPEROR- Preserved Empagliflozin Outcome 
Trial in Patients With 
Chronic Heart Failure 
With Preserved 
Ejection Fraction

ICER incremental cost 
effectiveness ratio

D
ow

nloaded from
 http://ahajournals.org by on M

arch 19, 2024

https://astrazenecagrouptrials.pharmacm.com/st/submission/disclosure
https://astrazenecagrouptrials.pharmacm.com/st/submission/disclosure


J Am Heart Assoc. 2024;13:e032279. DOI: 10.1161/JAHA.123.032279 3

Bhatt et al Economic Evaluation in DAPA- HF and DELIVER

2017 through August 2018 to receive either dapagliflo-
zin 10 mg daily or placebo.11 DELIVER similarly rand-
omized 6263 participants enrolled from August 2018 
through December 2020 to dapagliflozin 10 mg daily 
versus placebo, but enrolled patients with HF and mildly 
reduced or preserved LVEF (EF >40%).12 With the nota-
ble exception of included EF ranges, trial inclusion and 
exclusion criteria were similar.11,12 The primary efficacy 
end point in both trials was a composite of the time 
to first worsening HF event (defined as hospitalization 
for HF or an urgent HF visit requiring intravenous HF 
therapies) or cardiovascular death. Given a recognition 
that inclusion of first and recurrent HF events more fully 
captures disease burden,13,14 DAPA- HF additionally as-
sessed total HF hospitalizations (first and recurrent) and 
DELIVER assessed total HF events (first and recurrent 
HF hospitalization or urgent HF visit) as a component 
of a secondary end point. Treatment with dapagliflozin 
resulted in a reduction in the primary outcome com-
pared with placebo of 26% and 18% in DAPA- HF and 
DELIVER, respectively; risk reductions were also seen 
across these secondary end points. The trial protocols 
were approved by a local or central institutional review 
board at each participating trial center. All patients 
provided written informed consent. A cost effective-
ness analysis of DELIVER from the US perspective was 
prespecified in the academic Statistical Analysis Plan, 
which was finalized before trial unmasking. To provide 
broader context, participant- level pooled analyses of 
DELIVER and DAPA- HF for efficacy and safety out-
comes were additionally prespecified.3

Our model followed a standard structure in which 
each month, a patient with HF had a probability of sur-
viving, experiencing a worsening HF event, or dying. 
States that patients with HF were able to occupy 

included (1) chronic, ambulatory HF; (2) experiencing a 
worsening HF event; or (3) death (Figure 1).

Baseline Assumptions and Modeling 
Inputs
Key modeling inputs were obtained from pooled, 
participant- level data from DAPA- HF and DELIVER. 
State transition probabilities were derived from placebo 
event rates for total worsening HF events and death 
among US participants in both trials, transformed to 
monthly probabilities. As DAPA- HF evaluated total (first 
and recurrent) HF hospitalizations but not total (first and 
recurrent) urgent HF visits, we combined the placebo 
event rate for total HF hospitalizations from DAPA- HF 
with the placebo event rate for total HF hospitaliza-
tions or urgent HF visits from DELIVER to obtain the 
pooled estimate. We also estimated (1) the proportion 
of worsening HF events attributable to HF hospitaliza-
tion (versus urgent HF visit) and (2) the proportion of 
all- cause death adjudicated by an independent clinical 
end points committee as attributable to cardiovascu-
lar causes (versus noncardiovascular causes) from US 
participant trial data using trial- specific definitions.11,12 
Hazard ratios (dapagliflozin versus placebo) from the 
full trial population were applied to placebo transition 
probabilities for (1) worsening HF events and (2) cardio-
vascular death. We assumed no risk reduction with da-
pagliflozin versus placebo on noncardiovascular death, 
consistent with trial results. We also assumed dapa-
gliflozin effectiveness was sustained over the lifetime 
of patients and that patients would remain adherent 
to therapy, without modeling discontinuation over time. 
As the trials reported no differences among treatment 
arms in prespecified safety end points, we did not 

Figure 1. Diagram of the Markov model.
Patients occupy health states, shown in the ovals and boxes. Patients transition from different health 
states represented as arrows based on transition probabilities derived from participant- level data from 
DAPA- HF and DELIVER. Worsening HF events include hospitalization for HF and urgent HF visits. DAPA- 
HF indicates Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure; DELIVER, Dapagliflozin 
Evaluation to Improve the Lives of Patients With Preserved Ejection Fraction Heart Failure; and HF, heart 
failure.
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model QoL penalties related to adverse drug- related 
events or drug disutility. SGLT2is have consistently im-
proved clinical outcomes in HF similarly regardless of 
diabetes status15–17 and prior cost effectiveness analy-
ses with dapagliflozin found similar incremental cost 
effectiveness ratios (ICERs) in those with and without 
diabetes5–7; therefore, we used a unified model agnos-
tic to diabetes status.

Costs
Model inputs, including costs and utilities, are reported 
in Table 1.18–36 HF hospitalization costs were obtained 
from a recent US- based systematic review18 and were 
similar to cost estimates after inflation adjustment from 
a prior analysis using Medicare fee schedule costs.6 In 
a deterministic sensitivity analysis, we used a lower- 
bound HF hospitalization cost from published data18 
and an upper bound from full private payer cost esti-
mates.19–21 We estimated a cost of an urgent HF visit at 
$846 from an inflation- adjusted cost from a prior cost 

effectiveness analysis of dapagliflozin.6 Total cost for 
a worsening HF event was obtained from a weighted 
average of HF hospitalization and urgent HF visit costs; 
93% of all worsening HF events were HF hospitaliza-
tions using pooled data from DAPA- HF and DELIVER.

Determining the actual cost of dapagliflozin is chal-
lenging in the United States. In practice, pharmaceuti-
cal manufacturers have a list or wholesale acquisition 
cost. Publicly reported Medicare Part D drug spending 
reports, however, are based on the gross drug cost 
and do not reflect manufacturers’ rebates or other 
price concessions. Increasingly, manufacturers may 
provide rebates to pharmacy benefit managers or pay-
ers (commercial or government), leading to net costs 
substantially lower than the list cost.9,22 Further com-
plicating matters, precise estimates of the amount of 
rebates are often considered trade secrets. In addition, 
some portion of the offered rebate is passed on to the 
consumer in the form of reduced medication cost at 
the pharmacy or reductions in overall insurance pre-
miums,8,22,23 making it difficult to know the true cost of 

Table 1. Model Inputs

Value Range Source

Monthly transition probabilities*

Worsening HF events 0.021 0.017 to 0.027 Trials

Cardiovascular death 0.005 0.004 to 0.006 Trials

Effectiveness of dapagliflozin vs placebo

Worsening HF events 0.73 0.64 to 0.82 Trials

Cardiovascular death 0.85 0.75 to 0.97 Trials

Proportions of events (US population)

Proportion of worsening HF events 
attributable to HF hospitalization

0.93 0.89 to 0.95 Trials

Proportion of all- cause dortality 
attributable to cardiovascular 
death

0.53 0.45 to 0.62 Trials

Costs

HF costs

HF hospitalization $13 418 $11 125 to $29 000 Urbich et al18; private payers19–21

Urgent HF visit $846 $678 to $1016 Isaza et al6

Chronic HF costs (annual) $6250 $1188 to $6779 Gaziano et al35; Dunlay et al36

Medication costs (monthly)

Dapagliflozin $514.95 $262.62 to $637.93 Estimate: Medicare Part D24; lower bound: 
49% rebate9; upper bound: 5.5% yearly 
increase×4 y24

Utilities

Dapagliflozin 0.826 0.822 to 0.830 Isaza et al and prior modeling6,30,31; trials

Placebo 0.811 0.806 to 0.815 Isaza et al and prior modeling6,30,31; trials

QoL disutility during worsening HF 
events

−0.0152 −0.0066 to 0.0000 Trials; lower bound: Isaza et al6

Discount rate, % 3 0 to 5 Hunink et al32; Weinstein et al33; Gold et al34

DAPA- HF indicates Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure; DELIVER, Dapagliflozin Evaluation to Improve the Lives of Patients 
With Preserved Ejection Fraction Heart Failure; HF, heart failure; and QoL, quality of life.

*Transition probabilities derived from placebo event rates among US participants in both trials. Worsening HF events include hospitalization for HF and urgent 
HF visits. Trials refer to participant- level data from the DAPA- HF and DELIVER randomized clinical trials.
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medication for economic analyses. Thus, we used mul-
tiple estimates of the cost of dapagliflozin from publicly 
available sources and published rebate estimates.

For purposes of 1- way deterministic and probabi-
listic sensitivity analyses, we used an undiscounted 
monthly dapagliflozin cost of $514.95 from 2020 
Medicare Part D drug payments,24 and a discounted 
cost of $262.62/month, reflecting a published esti-
mate of a US- based manufacturer discount/rebate of 
49% available to payers or pharmacy benefit manag-
ers.9 In a 1- way sensitivity analysis, we modeled cost 
effectiveness around the undiscounted price from 
$262.62/month to $637.93/month, which represented 
a 5.5% yearly increase over 4 years on the basis of the 
Medicare gross price changes from 2018 to 2020.24 
For the discounted price, we modeled prices ranging 
from $125/month to $375/month.

Recognizing substantial cost variation based on 
payer, rebate offers, available discounts, and policies, 
we further explored the cost effectiveness of dapagli-
flozin across the various sources of dapagliflozin cost: 
US Wholesale Acquisition Cost ($548.83/month),25 
Federal Supply Schedule Big Four cost ($396.14/
month),26 a reduced rebate in which 20% of the over-
all rebate is retained by entities ($314.08/month),9,22,27 
and an inflation- adjusted Canadian cost estimate from 
the Ontario Drug Benefit Formulary converted to US 
dollars ($68.25/month).28,29 HF treatment costs were 
obtained from published estimates and are listed in 
Table 1.

Utilities
Quality- of- life (QoL) or utility decrements were ap-
plied on the basis of the change in Kansas City 
Cardiomyopathy Questionnaire overall summary 
scores among US participants from baseline through 
32 weeks, which were prospectively collected in both 
DELIVER and DAPA- HF. We used a previously reported 
algorithm to transform Kansas City Cardiomyopathy 
Questionnaire overall summary scores to EuroQol- 5D–
based health- related QoL estimates.6,30,31 The model 
applied additional QoL decrements based on trial data 
to each month in which a patient experienced a wors-
ening HF event.

Statistical Analysis
This cost effectiveness analysis included a lifetime hori-
zon from a health care system perspective. Incremental 
costs of treatment and QALYs gained were modeled 
in a chronic HF population across the spectrum of EF 
treated with dapagliflozin 10 mg or standard of care 
without dapagliflozin. The primary outcome was the 
ICER, calculated per conventional cost effectiveness 
analysis guidelines.32 Costs and QALYs were each dis-
counted at 3% annually.34

In the full population, we performed several 1- way 
sensitivity analyses, including (1) varying the cost of 
dapagliflozin as previously stated, (2) varying the costs 
of worsening HF events, and (3) varying the efficacy 
of dapagliflozin at reducing worsening HF events and 
cardiovascular death across the 95% CIs of each 
pooled hazard ratio. Each sensitivity analysis was 
done holding all other model inputs constant. We con-
ducted a threshold analysis to determine the monthly 
cost of dapagliflozin at which (1) treatment met certain 
predetermined willingness- to- pay thresholds ($50 000 
and $150 000 per QALY gained) and (2) would be cost 
saving. As the model was most sensitive to drug costs 
and the effect of therapy on cardiovascular death, we 
performed a 2- way sensitivity analysis based on 3 val-
ues (low, middle, high) for each variable.

A probabilistic sensitivity analysis was modeled on 
the basis of 100 000 iterations using input parameters 
for costs and effectiveness randomly drawn from the 
bounds of the appropriate distributions of key model 
inputs: β distributions for health transition probabilities 
bounded by 0 and 1, log- normal distributions for haz-
ard ratios, a triangular distribution for costs of chronic 
HF care, and γ distributions for all other costs. We 
estimated the proportion of simulations in which da-
pagliflozin would be cost effective at intermediate and 
high- value willingness- to- pay thresholds. Value deter-
minations were made on the basis of the American 
College of Cardiology/American Heart Association cost 
and value descriptions: high value, <$50 000 per QALY 
gained; intermediate value, $50 000 to <$150 000 per 
QALY gained; and low value, ≥$150 000 per QALY 
gained.37

Finally, we conducted a dedicated analysis lim-
ited to patients with LVEF >40% based on individual 
participant- level data from the DELIVER trial in isolation 
at the full undiscounted and discounted Medicare costs 
of dapagliflozin. Model inputs specific to participant- 
level data from DELIVER are listed in Table S1; all other 
model assumptions are consistent with those used in 
Table 1.

The Markov model was created and run using DATA 
TreeAge Pro 2021 (Williamstown, MA) and statistical 
analysis using STATA version 16.1 (StataCorp, College 
Station, TX).

RESULTS
Model Validation
In the combined DAPA- HF and DELIVER US popula-
tions (N=1006), median (interquartile range) age was 71 
(64–77) years, 32% were women, and 18% were Black 
individuals. Median LVEF was 45% (30%–57%). There 
were 25.7 first and total HF hospitalizations or urgent 
visits and 10.1 deaths per 100 patient- years in those 
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allocated to placebo. In our model, we projected 25.7 
HF hospitalizations or urgent visits and 10.4 deaths per 
100 patient- years, respectively. The modeled cohort 
was based on the combination of the DAPA- HF and 
DELIVER populations. Median undiscounted survival 
without utility weighting was greater in those modeled 
to receive dapagliflozin in addition to standard of care 
(7.98 years) versus those modeled to receive stand-
ard of care alone (7.47 years). Patients experienced an 
average of 0.51 fewer worsening HF events over their 
lifetime with the addition of dapagliflozin to standard 
of care.

Cost Effectiveness Analysis
Using the full (undiscounted) Medicare Part D cost, 
treatment with standard of care alone in chronic HF 
across the EF spectrum was projected to generate 
6.04 QALYs at a lifetime cost of $109 003. In contrast, 
treatment with dapagliflozin in addition to standard of 
care was projected to generate 6.57 QALYs at a lifetime 
cost of $154 512. Addition of dapagliflozin to standard 
of care resulted in an additional 0.53 QALYs gained at 
an incremental lifetime cost of $45 509 and an ICER of 
$85 554 per QALY gained. Using a discounted cost of 
$262.62/month reflecting a published estimate of a US- 
based manufacturer discount/rebate of 49%, the incre-
mental lifetime cost was $21 321, with a resultant ICER 
of $40 081 per QALY gained. Incremental costs and 
associated ICERs varied significantly across available 
cost estimates for dapagliflozin (Table S2). Stratification 
of the analysis by age, sex, and race had small effects 
on the ICERs. Assuming the full Medicare Part D cost, 
the ICERs for those aged ≥70 years versus those aged 
<70 years were $87 028/QALY and $84 043/QALY, re-
spectively. Women had a higher ICER ($91 165/QALY) 

compared with men ($81 383/QALY). Black patients 
had a slightly lower ICER ($82 310/QALY) than White 
patients ($86 097/QALY).

The cost effectiveness of dapagliflozin in addition 
to standard of care was most sensitive to the cost of 
dapagliflozin and the effect of therapy on cardiovascu-
lar death at both the full (undiscounted) Medicare cost 
(Figure 2A) and the discounted cost (Figure 2B). Varying 
the cost of dapagliflozin at a 49% discount ($262.62/
month) and a cost increase to $637.93/month from the 
full Medicare Part D cost yielded ICERs that ranged 
from $40 081 per QALY gained to $107 715 per QALY 
gained. Varying the benefit of therapy on cardiovascu-
lar death based on the lower and upper bounds of the 
95% CIs of the pooled hazard ratio from 0.75 to 0.97 
yielded ICERs that ranged from $58 666 per QALY 
gained to $205 969 per QALY gained. In a 2- way sensi-
tivity analysis, variation in the cost of dapagliflozin and 
the hazard ratio on cardiovascular death across each 
of the ranges of these values resulted in ICERs ranging 
from $29 691 to $262 472 per QALY gained (Table 2).

Additional published estimates with and without 
expected rebates for the cost of dapagliflozin pro-
duced ICERs ranging from high to intermediate value 
(Figure 3). The addition of dapagliflozin to standard of 
care in the treatment of chronic HF would be of high 
value (ICER <$50 000 per QALY gained) at a monthly 
dapagliflozin cost below $317.66/month and of at 
least intermediate value (ICER <$150 000 per QALY 
gained) at a cost below $872.58/month. Treatment 
with dapagliflozin in chronic HF would be cost saving 
at a monthly cost below $40.22/month ($482.59 an-
nually; Figure  3). The incremental cost effectiveness 
of dapagliflozin added to standard of care was less 
sensitive to other parameters, including varying hazard 
ratios and costs for worsening HF events at both the 

Figure 2. Tornado plot summarizing 1- way deterministic sensitivity analysis for model parameters.
A, Model parameters were varied in this 1- way sensitivity analysis across the ranges listed in Table 1 using the full (undiscounted) 
Medicare cost ($514.95/month). B, Dapagliflozin cost parameters were modeled from $125/month to $375/month using the discounted 
Medicare cost with 49% rebates ($262/month). All other model parameters were varied in this 1- way sensitivity analysis across the 
ranges listed in Table 1. CV indicates cardiovascular; EV, expected value in base case; HF, heart failure; ICER, incremental cost 
effectiveness ratio; QALY, quality- adjusted life year; and WTP, willingness- to- pay threshold.
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full (undiscounted) Medicare cost (Figure 2A) and the 
discounted cost (Figure 2B).

In a probabilistic sensitivity analysis at the full (un-
discounted) Medicare Part D cost, 95% of the values 
of the ICER for dapagliflozin in addition to standard 
of care occurred between $41 469 and $199 040 per 
QALY gained (Figure S1). Treatment with dapagliflozin 
was a preferred strategy at an ICER below $150 000 
per QALY gained in 92% of simulations (Figure  4). 
Using a discounted cost of dapagliflozin ($262/month), 

treatment with dapagliflozin was a preferred strategy 
at an ICER below $150 000 per QALY gained in >99% 
simulations and of high value (<$50 000 per QALY 
gained) in 68% of simulations (Figures S2 and S3).

When limited to patients with mildly reduced and 
preserved EF modeled using participant- level data from 
DELIVER (LVEF >40%), treatment with standard of care 
alone was projected to produce 6.17 QALYs and treatment 
with the addition of dapagliflozin was projected to produce 
6.57 QALYs. Lifetime costs of standard of care alone were 
$111 561; lifetime costs with the addition of dapagliflozin 
were $155 622 using the undiscounted Medicare Part D 
cost and $131 420 using a discounted Medicare cost with 
49% rebate, yielding ICERs of $108 066 per QALY gained 
and $48 707 per QALY gained, respectively.

DISCUSSION
In this updated cost effectiveness analysis based on 
model inputs from pooled individual participant- level 
data from DELIVER and DAPA- HF, we found that the 
addition of dapagliflozin to standard of care in patients 
with HF across the full spectrum of EF was of interme-
diate value on the basis of the (undiscounted) Medicare 
Part D cost and of high value when modeling a pub-
lished nearly 50% rebate. Cost effectiveness was highly 
sensitive to drug prices. These data contextualize the 

Table 2. Two- Way Sensitivity Analysis of ICERs Varying 
Cost of Dapagliflozin and Hazard Ratio for Cardiovascular 
Death

Hazard ratio for cardiovascular death

Monthly cost of 
dapagliflozin (US$) 0.75 0.86 0.97

$262.62 $29 691* $41 734* $88 651†

$514.95 $59 832† $89 456† $205 111‡

$637.93 $74 677† $112 974† $262 472‡

Value determinations made on the basis of the American College of 
Cardiology/American Heart Association cost and value descriptions: high 
value, <$50 000 per QALY gained; intermediate value, $50 000 to <$150 000 
per QALY gained; and low- value, ≥$150 000 per QALY gained. ICERs 
reported as $/QALYs gained. ICERs indicates incremental cost effectiveness 
ratios; and QALY, quality- adjusted life year.

*High economic value.
†Intermediate economic value.
‡Low economic value.

Figure 3. Incremental cost effectiveness at varying sources for monthly dapagliflozin cost.
Blue bars indicate publicly available dapagliflozin costs. Yellow bars indicate potential costs with rebate amounts based on published 
data. Salmon bars indicate threshold costs. QALY indicates quality- adjusted life year; and WTP, willingness- to- pay. *Based on 
published estimates of entities retaining 20% of rebate.9,22,27 ^Based on a published estimate of 49% rebate.9
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expected cost effectiveness of dapagliflozin across the 
spectrum of EF and across various costs of therapy.

Previous cost effectiveness analyses of SGLT2is 
have determined the potential intermediate value of 
adding dapagliflozin to standard of care in HF with re-
duced EF.5,6 Isaza et  al6 found that dapagliflozin was 
associated with an ICER of $68 300 per QALY gained 
in a simulated cohort of middle- aged or older US adults 
using a Federal Supply Schedule Big Four cost, while 
Parizo et al5 found an ICER of $83 650 per QALY gained 
using an undiscounted Medicare Part D drug payment 
cost. In addition, data from the EMPEROR- Preserved 
(Empagliflozin Outcome Trial in Patients With Chronic 
Heart Failure With Preserved Ejection Fraction) trial 
and pooled data across preserved EF suggests that 
the SGLT2i empagliflozin was of low economic value.7 
A subsequent pooled trial level analysis from DELIVER 
and EMPEROR- Preserved suggested SGLT2is to be of 
low to moderate economic value in this segment of the 
HF population.38 While EMPEROR- Preserved demon-
strated the potential for attenuation in the clinical and 
QoL benefits of this therapy at the higher level of LVEF,39 
no such attenuation was observed with dapagliflozin.3,40 
In fact, a dedicated, patient- level pooled analysis of the 

DAPA- HF and DELIVER trials found consistent benefits 
of treatment on cardiovascular death and HF events 
across the full spectrum of EF; our analysis suggests 
that cost effectiveness of dapagliflozin treatment in pa-
tients with mildly reduced and preserved EFs is similar to 
that of reduced EF. In addition, these previous economic 
evaluations were based on published trial estimates 
alone, while access to participant- level data in our cost 
effectiveness analysis facilitated more granular modeling 
of risk estimates, and pooling data from 2 large clinical 
trials improved precision of treatment effects, including 
the effect of therapy on cardiovascular death. Prior anal-
yses evaluated the effects of therapy on reducing first HF 
hospitalization; the effect on the total (first and recurrent) 
HF hospitalizations as employed in this analysis may 
more appropriately reflect the disease burden. Finally, 
because of the consensus recommendations support-
ing use of this therapy given across the full spectrum of 
EF, evaluating cost effectiveness of this eligible popu-
lation is of high clinical importance. To our knowledge, 
this is first report of a rigorous economic evaluation of 
SGLT2is inclusive of the full spectrum of LVEF.

Similar to prior analyses, we found cost effective-
ness to be highly sensitive to drug costs, leading to 

Figure 4. Cost- effectiveness acceptability curve based on probabilistic sensitivity analysis.
All model parameters were independently varied across their distributions in a probabilistic sensitivity analysis for 100 000 iterations 
using the full (undiscounted) Medicare cost. The percentage of iterations that were cost effective is plotted across various willingness- 
to- pay thresholds.
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results that are from high value to intermediate value. 
We used an undiscounted Medicare Part D cost and a 
published 49% US rebate for 1- way deterministic and 
probabilistic sensitivity analyses to reflect a range of 
potential value of this therapy in the United States; how-
ever, true cost may vary significantly across payers and 
on the basis of the availability of manufacturer rebates. 
A recent study found that after accounting for manu-
facturer rebates, net costs of SGLT2is are considerably 
lower than list costs and have generally declined over 
time.41 Additional discounts, manufacturer rebates, and 
cost reductions following patent expiration for dapagli-
flozin may result in greater value of this therapy than our 
model reported. Recent legislation may, over time, fur-
ther reduce the cost of therapy among Medicare ben-
eficiaries, improving the value of this therapy. Based on 
our modeling, a dapagliflozin cost of <$4000 annually 
would yield this therapy to be of high value and <$500 
annually as cost saving among this broad chronic HF 
population irrespective of EF.

Variations in cost estimates are especially important 
for economic analyses in the United States; unlike in 
Canada and Europe, no single per- unit cost of a drug 
published by a national payer exists. Given the impact 
the cost of dapagliflozin and other similar medications 
or interventions have on the results of health economic 
evaluations, there has been a significant demand for 
improved cost transparency in medications and other 
aspects of the health care delivery system.27 The US 
system of various private pharmaceutical manufactur-
ers; pharmacy benefit managers; commercial, self- , 
and public payers; and pharmacies all involved in the 
competitive delivery of medications encourages re-
bates and other transactions that can inhibit transpar-
ency. Proponents of rebates argue that they are helpful 
in reducing overall costs, and opponents say they may 
serve to shift costs to payers such as Medicare or to 
patients. It is possible that both arguments may be 
correct; however, such a system limits the evaluation 
and interpretation of value results in the absence of a 
published true cost of medications consistent across 
all users. Finally, the Inflation Reduction Act recently 
signed into law on August 16, 2022, has implications 
for the cost of drugs covered by Medicare Part D; for 
the first time, the Centers for Medicare and Medicaid 
Services will be allowed to negotiate costs with man-
ufacturers for a select number of medications, with 
the expectation that some costs will be reduced. In 
fact, dapagliflozin has been selected as 1 of the first 
10 drugs covered under Medicare Part B for price ne-
gotiation under the Inflation Reduction Act, with ne-
gotiations occurring with manufacturers in 2023 and 
2024, and expected negotiated price effective dates 
in 2026. These policies may have the potential con-
sequences of improving cost effectiveness estimates 

as compared with traditionally publicly reported prices. 
These policy changes underscore the importance of 
understanding the impact of true medication costs on 
cost effectiveness is critical for policymakers, guideline 
committees,10 and payers alike.

Therefore, in the absence of reforms that can yield 
more clarity on drug costs in the short term, we recom-
mend that economic evaluations consider reporting a 
broad range of cost effectiveness ratios including pub-
lished costs and important willingness- to- pay thresh-
olds instead of relying on a single source of costs. This 
will allow payers and medical associations to assess 
whether the therapy is of high value if they know the 
cost they or their patients are facing. In the long term, 
it will be necessary for regulators of the public sector 
to understand the costs as they negotiate under a new 
legal framework.

The prevalence of HF with mildly reduced or pre-
served EF is poised to grow with population aging, 
accelerating cardiometabolic risk factor burden, and 
increased awareness and detection. While patients in 
this EF range experience lower risks of death, these 
patients carry a high burden of symptoms and face 
similar heightened longitudinal risks of HF events. 
This analysis, including the dedicated cost effective-
ness assessment in patients with mildly reduced and 
preserved EF, suggests similar value of this therapy 
across the full range of EF, rather than the potential 
attenuation of benefit and economic value seen with 
other HF therapies. Together, these factors result in a 
high lifetime burden of worsening HF events and ad-
verse health status, which have important attendant 
cost implications. This updated cost effectiveness 
analysis covers this growing patient segment and may 
inform coverage decisions for public payers such as 
Medicare that disproportionately insure an older mul-
timorbid population.

Our analysis included the effects of dapagliflozin 
on total HF hospitalizations and death outcomes; 
however, SGTL2is may have broader effects across 
other important domains. Data from prior trials have 
demonstrated that this class of medications may re-
duce adverse kidney outcomes, slow kidney function 
decline, and prevent progression to end- stage kidney 
disease.42–44 In addition, among patients without dia-
betes, treatment with dapagliflozin may reduce the in-
cidence of new diabetes diagnoses45,46; patients with 
diabetes have been shown in prior analyses to have 
higher event rates and associated costs.5,6 Among 
patients with diabetes, treatment with SGLT2is may 
reduce the need for insulin initiation or dose escala-
tion and avoid the resultant costs of this therapy.47 
Additional modeling of these potential broader bene-
ficial effects of dapagliflozin on non–HF- related events 
may further improve the overall value of this therapy.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 19, 2024



J Am Heart Assoc. 2024;13:e032279. DOI: 10.1161/JAHA.123.032279 10

Bhatt et al Economic Evaluation in DAPA- HF and DELIVER

Limitations
This study has important limitations that should be ac-
knowledged. First, the efficacy and safety of dapagli-
flozin were modeled from 2 large, global, randomized 
clinical trials; differences between the trial populations 
and usual care populations in the United States might 
affect the true cost effectiveness of this treatment in 
clinical practice. However, to improve the applicability 
of our modeling, we derived event estimates based on 
participants enrolled across US sites in both clinical tri-
als. Population estimates may differ based on baseline 
differences and changes over time in demographics, 
clinical characteristics, and treatments received (eg, 
greater or lesser adjunctive guideline- directed medi-
cal therapy) for patients with HF. Second, we did not 
directly model the impact of treatment- related ad-
verse events; however, several trials of SGLT2is have 
now demonstrated the safety of this class, with simi-
lar treatment- related adverse events to placebo.17,48–52 
Third, our model did not consider variable adher-
ence to treatment; suboptimal adherence in clinical 
practice might limit the survival and QoL benefits this 
treatment would otherwise offer and may reduce its 
value. However, we did forecast treatment estimates 
derived from intention- to- treat analyses, which ac-
counts for drug discontinuations observed during the 
trials. Fourth, we were unable to model the potential 
benefits of dapagliflozin on preventing incident diabe-
tes, as was done in prior cost effectiveness analysis in 
reduced EF,6 as glycated hemoglobin values were not 
collected in follow- up in DELIVER; therefore, our model 
may have underestimated the health benefits of SGLT2i 
therapy in patients with HF without established diabe-
tes. Fifth, <10% of all participants across DAPA- HF and 
DELIVER were treated with sacubitril/valsartan, de-
spite guideline support for this therapy across the EF 
spectrum53; however, there is no reported heterogene-
ity in the treatment benefit of dapagliflozin according 
to baseline sacubitril/valsartan use.54 More prevalent 
background HF therapy may reduce observed event 
rates and associated costs but would be expected to 
affect dapagliflozin and standard- of- care groups simi-
larly. Sixth, we applied the QoL penalty equally to an 
HF hospitalization or urgent HF visit as >90% of events 
were HF hospitalizations; smaller QoL penalties were 
modeled in sensitivity analyses. Seventh, we used 
a previously modeled approach to convert Kansas 
City Cardiomyopathy Questionnaire overall summary 
scores to health- related QoL measures6,30,31; bias in 
this conversion may have affected the estimates for 
QALYs gained but would be expected to affect both 
groups (dapagliflozin and standard of care) similarly. 
Finally, alternative modeling approaches to that of the 
Markov model used may provide differing cost effec-
tiveness estimates.

CONCLUSIONS
Cost effectiveness modeling suggests that dapagli-
flozin, in addition to standard of care in patients with 
HF across the spectrum of EF, would increase QALYs 
at an ICER consistent with at least intermediate value 
at an undiscounted Medicare cost and potentially an 
ICER higher value based on the level of discount or 
price negotiation offerings available.
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