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ABSTRACT

Introduction:  Cardiovascular-kidney-meta 
bolic (CKM) syndrome is highly prevalent 
in the US Medicare population and is pro-
jected to increase further. Sodium-glucose 
co-transporter 2 inhibitors have indications 
in chronic kidney disease (CKD), heart fail-
ure (HF), and type 2 diabetes (T2D), providing 
protective efficacy across conditions within 
CKM syndrome. The objective of this study 
was to develop a model to extrapolate key 
outcomes observed in pivotal clinical trials to 
the US Medicare population, and to assess the 

potential direct cost offsets associated with 
dapagliflozin therapy.
Methods:  All US 2022 Medicare beneficiaries 
(≥ 65 years of age) eligible to receive dapagli-
flozin were estimated according to drug label 
indication and Medicare enrollment and claims 
data. Incidence of key outcomes from the dapa-
gliflozin clinical program were modelled over a 
4-year time horizon based on patient-level data 
with CKD, HF, and T2D. Published cost data of 
relevant clinical outcomes were used to calculate 
direct medical care cost-offset associated with 
treatment with dapagliflozin.
Results:  In a population of 13.1 million patients 
with CKM syndrome, treatment with dapagli-
flozin in addition to historical standard of care 
(hSoC) versus hSoC alone led to fewer incidents of 
HF-related events (hospitalization for HF, 613,545; 
urgent HF visit, 98,896), renal events (kidney fail-
ure, 285,041; ≥ 50% sustained decline in kidney 
function, 375,137), and 450,355 fewer deaths (of 
which 225,346 and 13,206 incidences of cardio-
vascular and renal death were avoided). In total 
this led to medical care cost offsets of $99.3 billion 
versus treatment with hSoC only (dapagliflozin 
plus hSoC, $310.3 billion; hSoC, $211.0 billion).
Conclusion:  By extrapolating data from trials 
across multiple indications within CKM syn-
drome, this broader perspective shows that con-
siderable medical care cost offsets may result 
through attenuated incidence of clinical events 
in CKD, T2D, and HF populations if treated with 
dapagliflozin in addition to hSoC over a 4-year 
time horizon.
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Key Summary Points 

Cardiovascular-kidney-metabolic (CKM) syn-
drome is highly prevalent in the US Medicare 
population and is projected to increase fur-
ther, with healthcare costs disproportionately 
higher in this population.

Sodium-glucose co-transporter 2 inhibi-
tors, such as dapagliflozin, are indicated for 
multiple conditions within CKM syndrome—
chronic kidney disease (CKD), heart failure 
(HF), and type 2 diabetes (T2D).

Our objective was to extrapolate clinical 
outcomes observed in CKM syndrome popu-
lations from key dapagliflozin trials to the 
US Medicare population and calculate costs 
associated with averted outcomes from the 
perspective of the Centers for Medicare and 
Medicaid Services (CMS).

Over 4 years, the avoidance of key clinical 
outcomes in those treated with dapagliflozin 
plus historical standard of care, such as hos-
pitalization for HF (613,545), onset of kid-
ney failure (285,041), and death (450,355), 
resulted in an estimated total medical care 
cost offset of $99.3 billion versus historical 
standard of care alone.

By considering a multidisciplinary approach 
in the Medicare population, our analysis 
suggests that patients with comorbidities 
may experience considerable positive effects 
through dapagliflozin treatment which may 
confer considerable offsets.

DIGITAL FEATURES

This article is published with digital features, 
including a graphical abstract to facilitate under-
standing of the article. To view digital features 

for this article, go to https://​doi.​org/​10.​6084/​
m9.​figsh​are.​25959​445.

INTRODUCTION

The interconnectivity between metabolic risk 
factors, chronic kidney disease (CKD), and cardi-
ovascular health plays a pivotal role in shaping 
overall morbidity and mortality. This complex 
interplay, known as cardiovascular-kidney-met-
abolic (CKM) syndrome, has far-reaching multi-
system consequences, with the most significant 
clinical impact on cardiovascular disease (CVD) 
and mortality [1]. Poor CKM health is prevalent 
in the US population, with a disproportionate 
burden seen among those with adverse social 
determinants of health and in those over the age 
of 65 years [2]. Among older adults with Medi-
care fee-for-service (FFS), a third of the popula-
tion had CKD, heart failure (HF), and/or type 2 
diabetes (T2D) but these patients accounted for 
over 50% of total healthcare spending (includ-
ing Part D, an optional prescription drug cov-
erage) [2]. The presence of one or more CKM 
comorbidities increases a patient’s risk of hos-
pitalization, kidney failure, and mortality [3–6], 
substantially increasing healthcare costs [7, 
8]. Prevalence of these diseases and associated 
healthcare resource use are projected to increase, 
imposing a considerable strain on the US health-
care system [9].

Dapagliflozin, a sodium-glucose co-trans-
porter 2 (SGLT2) inhibitor, has demonstrated 
clear efficacy across individual disease indica-
tions and comorbid subpopulations in a series 
of T2D [10], HF [11, 12], and CKD trials [13]. In 
the context of the US healthcare system, dapa-
gliflozin treatment in those with one or more 
of these diseases has the potential to decrease 
the prevalence of new comorbid CKM syndrome 
conditions and reduce total healthcare delivery 
costs [9]. The closely interconnected nature of 
CKM syndrome contributes to high morbidity 
and mortality in this patient population and 
SGLT2 inhibitors can contribute to value-based 
approaches for interdisciplinary care that can 
address the urgent need for effective manage-
ment across all aspects of CKM syndrome [1, 14].

https://doi.org/10.6084/m9.figshare.25959445
https://doi.org/10.6084/m9.figshare.25959445
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trial follow-up. Given the relatively short time 
horizon, event rates within a cohort were 
assumed to remain constant over the modeled 
time horizon across all considered endpoints, 
in effect, that increased hazard of disease pro-
gression is adequately captured by event data 
derived from the clinical trials. Clinical out-
comes were therefore estimated via exponen-
tial survival curves.

Specifically, cardiovascular-related health 
states were:

•	 Hospitalization for HF (stratified by initial 
and recurrent hospitalizations)

•	 Urgent HF visits defined as an urgent, 
unscheduled office/practice or emergency 
department visit for a primary diagnosis of 
HF

•	 Death from cardiovascular causes

Modeled renal-related health states were:

•	 ≥ 50% sustained decline in estimated glo-
merular filtration rate (eGFR) from baseline

•	 Kidney failure defined as a composite of 
either eGFR < 15  ml/min per 1.73  m2 for 
≥ 28 days, maintenance dialysis for ≥ 28 days 
or kidney transplantation

•	 Death from renal causes

The model also estimated the rate of all-cause 
mortality across the Medicare population, 
thereby considering deaths due to causes other 
than cardiovascular and renal causes. Treatment-
related adverse events were not incorporated, 
in line with similar published analyses [15–17]. 
Furthermore, dapagliflozin is considered to have 
a favorable safety profile, with no increases 
in overall rates of serious adverse events. The 
rate of serious adverse events and a summary 
of adverse events considered of special interest 
reported across the trials is provided in Table S2.

Derivation of US Medicare Population 
with CKM Syndrome Eligible to Receive 
Dapagliflozin

A population of 54.2  mill ion adults 
aged ≥ 65 years were estimated to be covered by 

Our study objective was to extrapolate clinical 
outcomes observed in key dapagliflozin trials in 
CKM syndrome populations to the US Medicare 
population and calculate short-term costs asso-
ciated with averted outcomes from the perspec-
tive of the Centers for Medicare and Medicaid 
Services (CMS) over a 4-year period.

METHODS

The analysis considered Medicare subpopula-
tions with CKD, HF, or T2D, with separate sub-
populations derived that accounted for patients 
with two or three of these conditions (Fig. 1). 
We developed a cohort-level partitioned sur-
vival model to quantify the short-term predicted 
clinical and health economic outcomes in these 
populations when treated with dapagliflozin, 
specifically in relation to key primary and sec-
ondary outcomes from four placebo-controlled, 
phase 3 randomized clinical trials. Incidence of 
clinical events was calculated for the total popu-
lation of US adults ≥ 65 years with Medicare cov-
erage, with published cost estimates applied to 
calculate direct medical care cost-offset associ-
ated with the avoidance of such events through 
treatment with dapagliflozin.

Two scenarios were compared, where all 
patients were assumed to receive either (1) 
dapagliflozin in addition to historical stand-
ard of care (hSoC), or (2) hSoC alone. Defini-
tions of what treatments were received as part 
of hSoC in each trial are detailed in the sup-
plementary materials (Table S1).

Model Structure

We modeled health states aligned to the 
definitions of key cardiovascular and renal 
events across the four pivotal dapagli-
flozin clinical trials (DECLARE-TIMI  58 
[NCT01730534], DAPA-HF [NCT03036124], 
DAPA-CKD [NCT03036150], and DELIVER 
[NCT03619213]; Fig.  2). Outcomes were 
estimated over a 4-year period, which was 
broadly comparable to the typical length of 
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Medicare, according to the US 2022 census data 
[18]. The prevalence of CKM syndrome was first 
estimated across this population based on 2021 
Medicare FFS claims data and diagnosis codes 
from International Classification of Diseases, 
Tenth Revision (ICD-10), provided in the supple-
mentary materials (Table S3), according to the 
approach outlined in a recent database analy-
sis [19]. Label indications for dapagliflozin were 
used to refine the populations that are eligible 
to receive dapagliflozin treatment. The final pop-
ulation includes patients diagnosed with T2D 
with cardiovascular risk factors, HF, and CKD 
stage 2–4, with a total estimated prevalence rate 
of 24.2% (Table 1). The total modeled popula-
tion comprised 13.1 million US adults ≥ 65 years 
with Medicare coverage.

Application of Clinical Efficacy Data to CKM 
Syndrome Subpopulations

Event rates for each subpopulation were derived 
from the trial deemed most representative of the 
population as shown in Fig. 1, as outlined in the 
supplementary materials (Table S4).

The DECLARE TIMI 58 trial, which assessed 
dapagliflozin in patients with T2D with estab-
lished CVD or multiple risk factors for CVD, 
informed the event incidence in patients with 
T2D without prior HF or CKD (those with 
eGFR ≥ 60 ml/min/1.73 m2 at baseline) [10]. It was 
assumed that patients with T2D only did not expe-
rience renal events due to the relatively low inci-
dence of kidney failure in the DECLARE-TIMI 58, 

Fig. 1   US Medicare cardiovascular-kidney-metabolic syndrome subpopulations. CKD chronic kidney disease, HF heart fail-
ure, T2D type 2 diabetes mellitus
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and that the secondary endpoint component for 
CKD progression was ≥ 40% decline in eGFR from 
baseline, while the corresponding endpoint for 
CKD progression was a ≥ 50% sustained decline 
in eGFR across the other trials.

The DAPA-CKD trial informed renal outcomes 
in patients with CKD and was the first trial to 
assess an SGLT2 inhibitor in patients with CKD 
regardless of T2D status [13]. The DAPA-CKD 
trial informed outcomes in all subpopulations 
with CKD, including those with comorbid HF 
and/or T2D at baseline.

The DAPA-HF and DELIVER trials enrolled 
patients with HF with reduced ejection fraction 
and preserved ejection fraction, respectively [11, 
12], and were pooled to inform event rates in 
the subpopulations with HF with or without 
T2D at baseline.

Event rates per 1000 patient years sourced from 
respective clinical study reports and published 
post hoc trial analyses were used to derive event 
rates specific to CKM syndrome subpopulations 
dependent on their comorbidity status and the 
treatment received. Event rates for individual end-
points stratified by comorbidity status at baseline 

were extracted where possible; where these were 
unavailable, composite endpoints were employed 
as proxy measures for rate of occurrence. Event 
rates applied in the model are provided in the sup-
plementary materials (Table S5).

Cost and Healthcare Resource Use

The analysis estimated economic outcomes 
from the perspective of the CMS, considering 
only direct costs specific to the US setting. Event 
costs were applied at the incidence of an event 
and maintenance costs were applied following 
incidence of an event, until death, or the end of 
the modeled time horizon (Table 2). We assumed 
that the costs associated with a ≥ 50% sustained 
decline in kidney function were equated to the 
marginal cost between a patient’s CKD stage 
at baseline and the destination CKD stage fol-
lowing a 50% decline in eGFR from baseline. 
Deaths from other causes were assumed to occur 
in an inpatient setting only [20]. All costs were 
expressed as 2022 US dollars, adjusted for infla-
tion if necessary according to the US Medical 

Fig. 2   Modelled health states. *CKD progression defined as sustained ≥ 50% decline in eGFR. CKD chronic kidney disease, 
eGFR estimated glomerular filtration rate



3253Adv Ther (2024) 41:3247–3263	

Care consumer price index [21]. All future costs 
were discounted at 3% per annum in line with 
the Institute for Clinical and Economic Review 
(ICER) reference case [22].

Model Outcomes

Incidence of clinical events was calculated for 
the total Medicare population who have T2D, 
HF, and/or CKD over the 4-year model horizon. 
Numbers needed to treat (NNT), defined as the 
average number of patients who need to receive 
treatment with the intervention to avoid one 
clinical event in the time specified, were calcu-
lated for each clinical event. Medical care cost 
offsets were the measure of economic benefit 
associated with each clinical event.

Scenario and Sensitivity Analyses

A series of scenario analyses were conducted 
to test key model parameters to identify which 

parameters were the largest cost drivers. In the 
first scenario, we increased event rates by 5% 
intervals from 5% to 20% in the dapagliflozin 
arm only. In a second scenario, prevalence rates 
for each subpopulation were varied by ± 5% of 
the base-case value. The final scenario analysis 
explored the influence of the costs of end-of-life 
care on model outcomes, considering deaths in 
outpatient settings in addition to inpatient set-
tings, as in the base-case [20]. We also conducted 
deterministic sensitivity analysis on the event and 
maintenance cost parameters, adjusting by ± 30% 
of the base-case values.

Compliance with Ethics Guidelines

This study was conducted in line with ethical 
principles of the Declaration of Helsinki and 
Good Clinical Practice guidelines. This study did 
not require informed consent or institutional/
ethical review board approval since the analy-
sis does not report any new studies with human 
participants or animals performed by any of the 

Table 1   US Medicare population (≥ 65 years) with CKM syndrome

Prevalence estimate based on 2021 100% Medicare FFS claims data
CKD chronic kidney disease, CKM cardiovascular-kidney-metabolic, FFS fee-for-service, HF heart failure, T2D type 2 dia-
betes

Population Prevalence Estimated population size Source

Population aged ≥ 65 years 100.0% 54,175,680 United 
States 
Census 
Bureau 
[43]

Population aged ≥ 65 years, eligible to receive 
dapagliflozin

24.2% 13,132,185 2021 
Medicare 
Part D 
database T2D only 5.6% 3,055,508

 HF only 4.3% 2,329,554

 CKD only 4.2% 2,275,379

 T2D + CKD 3.4% 1,841,973

 HF + CKD 1.2% 650,108

 T2D + HF 3.7% 2,004,500
 T2D + HF + CKD 1.8% 975,162
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authors and was based on previously conducted 
clinical trials. Any clinical data were anonymized 
for the purpose of the study.

RESULTS

Overall, the ≥ 65 years US Medicare popula-
tion with CKM syndrome were predicted to 
experience fewer adverse clinical events with 
dapagliflozin plus hSoC versus hSoC alone over 
4 years. The total costs associated with clinical 
events if treated with dapagliflozin plus hSoC 
were estimated to be $211.0 billion compared 
with $310.3 billion when treated with hSoC 
over the 4-year time horizon; therefore, an esti-
mated $99.3 billion in event-associated costs 
were avoided in the dapagliflozin plus hSoC 
arm (Fig. 3).

Cardiovascular Events

In patients treated with dapagliflozin plus 
hSoC, fewer events occurred across all car-
diovascular  outcomes compared with 
patients treated with hSoC (Table 3; Fig. 3a), 
which was associated with a cost avoidance 

of $25.9  billion (dapagliflozin plus hSoC, 
$66.0  billion; hSoC, $92.0  billion). Treat-
ment with dapagliflozin was estimated to 
prevent the incidence of initial hospitaliza-
tion for HF in 513,751 people (dapagliflozin 
plus hSoC, 1,215,262; hSoC, 1,729,013; NNT, 
26; Table  3)—a reduced incidence rate of 
29.7% over 4 years. This was associated with 
a cost avoidance of $21.3 billion (dapagliflo-
zin plus hSoC, $54.0 billion; hSoC, $75.3 bil-
lion; Fig. 3b). In addition, dapagliflozin was 
expected to prevent 99,794 subsequent hos-
pitalizations for HF (dapagliflozin plus hSoC, 
257,034; hSoC, 356,828; NNT, 43; Table 3)—a 
28.0% lower incidence rate over 4 years and 
medical care cost offset of $4.5 billion (dapagli-
flozin plus hSoC, $11.9 billion; hSoC, $16.4 bil-
lion; Fig. 3b).

Renal Events

Similarly, fewer events occurred across all renal 
outcomes with dapagliflozin plus hSoC treat-
ment as shown in Table 3 and Fig. 3a. Preven-
tion of renal outcomes was associated with a 
cost avoidance of $63.0 billion (dapagliflozin 
plus hSoC, $108.1 billion; hSoC, $171.1 billion). 

Table 2   Event and maintenance cost parameters

eGFR estimated glomerular filtration rate, HF heart failure
*Weighted averages based on age and sex
† Assumed to relate to fatal

Event Event cost Maintenance cost (annual)

≥ 50% sustained eGFR decline – – $17,141 Golestaneh et al. (2017) [23]

Kidney failure – – $128,098 Golestaneh et al. (2017) 
[23], Childers et al. 
(2019) [44]

Hospitalization for HF $17,908 Kilgore et al. (2017) [45] $16,552 Nicholson et al. (2016) 
[46]

Urgent HF visit $1852 Voigt et al. (2014) [47] – –

Death, renal $76,056 Axelrod et al. (2018) [48] – –

Death, cardiovascular $30,195 Naccarelli et al. (2010) [49] – –
Death, other causes $13,697 Duncan et al. (2019) [20] – –
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The largest cost avoidance when considering 
renal outcomes of $53.3 billion is associated 
with kidney failure (dapagliflozin plus hSoC, 
$93.8  billion; hSoC, $147.1  billion; Fig.  3a) 
specifically the prevention of 285,041 patients 
reaching kidney failure with dapagliflozin treat-
ment (dapagliflozin plus hSoC, 442,972; hSoC, 
728,013; NNT, 35; Table 3)—a 39.2% lower rate 
of progression over 4 years. A notable medi-
cal care cost offset was also seen with a ≥ 50% 
sustained eGFR decline where 375,137 fewer 
patients experienced a sustained eGFR decline 
with dapagliflozin treatment (dapagliflozin 
plus hSoC, 505,330; hSoC, 880,467; NNT, 27; 
Table 3)—a 42.6% lower incidence rate over 
4  years associated with an avoided cost of 
$9.7 billion (dapagliflozin plus hSoC, $14.3 bil-
lion; hSoC, $24.0 billion; Fig. 3b).

Mortality

Across the ≥ 65 years US Medicare population 
with CKM syndrome, 450,355 deaths from any 
cause were avoided if treated with dapagliflo-
zin plus hSoC versus hSoC alone (dapagliflozin 
plus hSoC, 1,810,452; hSoC, 2,260,806; NNT, 
29; Table 3)—an estimated 19.9% reduction 
in the number of deaths over a 4-year period 
from treatment initiation. Of these, 225,346 
deaths prevented would be of cardiovascu-
lar causes (dapagliflozin plus hSoC, 794,712; 
hSoC, 1,020,057; NNT, 58) and 13,206 deaths 
prevented would be of renal causes (dapagliflo-
zin plus hSoC, 8740; hSoC, 21,946; NNT, 763).

Costs avoided by the prevention of deaths 
due to cardiovascular and renal causes were 
estimated to be $6.5  billion (dapagliflozin 
plus hSoC, $23.0 billion; hSoC, $29.5 billion; 
Fig. 3b) and $1.0 billion (dapagliflozin plus 
hSoC, $0.6 billion; hSoC, $1.6 billion), respec-
tively. Deaths avoided that would be of other 
causes equate to a cost offset of $2.8 billion 
(dapagliflozin plus hSoC, $13.2 billion; hSoC, 
$16.0 billion; Fig. 3b) due to the avoidance of 
death over the modelled period.

Costs Avoided per Patient by Subpopulation

When considering total medical care cost off-
sets over 4 years per patient treated with dapa-
gliflozin plus hSoC for each subpopulation, the 
greatest cost avoidance per patient ($21,248) 
was observed in the “HF + T2D + CKD” popu-
lation. This was followed by the “HF + CKD” 
and “T2D + CKD” populations where the esti-
mated costs avoided were $13,396 and $13,340, 
respectively (Table 4). This indicates that the 
largest medical care cost offsets are seen when 
using dapagliflozin to treat patients with 
comorbidities.

Scenario Analyses

Additional analyses whereby event rates for 
dapagliflozin plus hSoC were increased in 
5% intervals up to 20% over base-case are 
presented in the supplementary materials 
(Table S6). The total medical care cost offsets in 
the dapagliflozin arm reduced from $99.3 bil-
lion in the base case to $65.0 billion when 
event rates were increased by 20%. Upon vary-
ing the prevalence rates of each subpopulation 
by ± 5%, minimal changes in medical care cost 
offset were estimated in the “CKD + T2D” and 
“HF + T2D + CKD” populations ($100.5 billion 
and $100.3  billion, respectively, Table  S7). 
Model outcomes were also not sensitive to the 
change when accounting for the cost of end-
of-life care in either an inpatient or outpatient 
setting (Table S8).

Deterministic Sensitivity Analysis

Deterministic sensitivity analyses of event 
and maintenance costs where estimates were 
adjusted by ± 30% were conducted. When 
considering event costs, results demonstrated 
that the modelled estimated cost offset out-
comes were most sensitive to initial hospitali-
zation for HF, ranging from $96.6 billion to 
$101.9 billion (Fig. 4a). Kidney failure was the 
biggest driver of maintenance cost, ranging 
from $83.3 billion to $115.3 billion (Fig. 4b). 
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When considering both event and mainte-
nance costs, kidney failure was the most influ-
ential followed by initial hospitalization for 
HF. The estimated costs offsets ranged from 
$83.3 billion to $115.3 billion and $92.9 bil-
lion to $105.6 billion, respectively (Fig. 4c).

DISCUSSION

The analysis presented here suggests that a sub-
stantial proportion of major cardiorenal out-
comes could be avoided or reduced across the 
Medicare population with CKM syndrome if 
treated with dapagliflozin. Over 4 years, major 
clinical events prevented through treatment 
with dapagliflozin plus hSoC compared with 

Fig. 3   CKM outcomes in the US Medicare populations: 
a stacked bar chart of modelled clinical events experienced 
when treated with hSoC (orange) and the proportion 
that could be prevented when treated with dapagliflozin 
in addition to hSoC (blue); b total event-related costs by 

treatment received and incremental cost offsets associated 
with preventable events. CKM cardiovascular-kidney-met-
abolic, eGFR estimated glomerular filtration rate, HF heart 
failure, hSoC historical standard of care
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hSoC alone led to medical care cost offsets of 
$99.3 billion to the CMS. Capturing clinical and 
health economic outcomes across linked disease 
subpopulations simultaneously can characterize 
the potential for reduced incidence of comor-
bidities and attenuated progression. For exam-
ple, medical care cost offsets per patient treated 
with dapagliflozin were approximately 60% 
greater in the subpopulation with CKD, HF, and 
T2D versus those with two comorbid CKM syn-
drome conditions, and considerably greater in 
comparison to those with one condition. When 
considering individual outcomes, prevention 
of kidney failure was the most influential, with 
a medical care cost offset of $53.3 billion due 
to the considerable efficacy of dapagliflozin in 
delaying CKD progression. This highlights the 
importance of timely diagnosis and treatment 
of CKD to delay or prevent progression to kid-
ney failure and the need for dialysis, which has 
a high associated cost burden [23]. Conditions 
within CKM syndrome are notably more com-
mon among African-American adults and other 
minority groups compared to non-Hispanic 
white adults [24–26]. African Americans and His-
panics or Latinos have an approximately four-
fold and twofold greater risk of progressing from 

early-stage CKD to end-stage kidney disease, 
respectively, than non-Hispanic white persons 
[25]. This disparity underscores the importance 
of prioritizing early detection and treatment to 
mitigate the progression and impact of CKD in 
diverse populations.

It is well documented that SGLT2 inhibitors 
provide distinct, additive treatment benefits to 
traditional therapies which encompasses the car-
diovascular, renal, and glucose control aspects of 
CKM syndrome; however, siloed approaches to 
care may be a significant factor affecting ther-
apeutic inertia with limited uptake of newer 
pharmacotherapies [27]. Furthermore, misman-
agement of comorbidities through unnecessar-
ily complex treatment regimens is estimated to 
cost the US healthcare system $2 billion per year 
[28, 29] and, given the high rate of comorbid 
diseases within the Medicare population, it is 
important to consider the broader cost and ben-
efit for each therapy.

The burden of CKM syndrome is predicted 
to escalate over the next 10 years [9], in large 
part due to an ageing population increasing the 
relative burden associated with the US Medicare 
healthcare system. Cost-effectiveness analyses 
in the US setting have demonstrated SGLT2 

Table 3   Event incidences associated with dapagliflozin treatment in the US Medicare population with CKM syndrome

CKM cardiovascular-kidney-metabolic, eGFR estimated glomerular filtration rate, HF heart failure, hSoC historical standard 
of care, NNT number need to treat, T2D type 2 diabetes
*NNT: Number of patients needed to be treated with dapagliflozin to avoid one clinical event. Only accounts for patients 
who can experience each event

Event Event incidence Patients who can 
experience event*

NNT*

Dapagliflozin 
plus hSoC

hSoC Incremental

Hospitalization for HF, initial 1,215,262 1,729,013 − 513,751 13,132,185 26

Hospitalization for HF, recurrent 257,034 356,828 − 99,794 4,334,054 43

Urgent HF visit 87,912 186,808 − 98,896 4,334,054 44

≥ 50% sustained eGFR decline 505,330 880,467 − 375,137 10,076,676 27

Kidney failure 442,972 728,013 − 285,041 10,076,676 35

Death, all-cause 1,810,452 2,260,806 − 450,355 13,132,185 29

 Death, renal 8740 21,946 − 13,206 10,076,676 763
 Death, cardiovascular 794,712 1,020,057 − 225,346 13,132,185 58
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inhibitors to be cost-effective treatments in cer-
tain CKM syndrome subpopulations [30–36]. 
Additionally, previous short-term economic 
analyses have also considered SGLT2 inhibi-
tors only in the context of a single indication 
[15–17, 37, 38]. However, these analyses have 
not considered the broader treatment effect of 
SGLT2 inhibitors across the full spectrum of 
CKM syndrome.

Treatments such as SGLT2 inhibitors, with 
effects across multiple indications, encompass 
the shift to value-based care approaches to 
healthcare in the USA. The implementation of 
such a framework encourages healthcare pro-
fessionals to consider the wider health deter-
minants of their patients to improve health 
outcomes considering multiple factors in com-
bination [14], detaching from a siloed treatment 
approach. As the Inflation Reduction Act aims 
to improve access to valuable prescription drugs 
for those with Medicare coverage [39], applying 
a multidisciplinary approach to CKM syndrome 
is important to accurately value the cost of treat-
ment and provide efficient healthcare delivery 
[1, 40]. Many patients with CKM syndrome have 
overlapping comorbidities leading to high costs 
and associated healthcare resource use driven 
by accelerated disease progression. The demon-
strated efficacy of dapagliflozin and other SGLT2 
inhibitors across CKM syndrome subpopulations 

can lead to a reduction in the complexity of care 
and disease progression that drive the need for 
further care.

This modelled analysis, as with any extrapola-
tion, is subject to certain limitations. The scope 
of this analysis was to estimate the short-term 
economic offsets associated with dapagliflozin 
treatment and not to account for all compo-
nents of medical cost, such as treatment-related 
costs, and therefore the value of dapagliflozin 
treatment was not assessed. Alongside acqui-
sition costs, treatment-related adverse event 
management costs were not incorporated in 
the analyses. However, the safety profile of 
dapagliflozin is well documented [41], and the 
drug is generally well tolerated in patients across 
the pivotal trials. Nevertheless, certain serious 
adverse events can lead to hospitalization, and 
considerable associated cost, such as diabetic 
ketoacidosis and Fournier’s gangrene. However, 
the net incidence of such serious adverse events 
was similar across treatment groups in the trials, 
as observed in wider literature [42]. Therefore, 
when considering the net effect of hospitaliza-
tion and other costs pertaining to these events, 
the total incremental cost offsets would not be 
substantively affected.

The population is a closed cohort aligned to 
prevalence estimates derived from relevant ICD-
10 diagnosis codes that broadly align with the 

Table 4   Costs avoided per patient with dapagliflozin treatment for each subpopulation

CKD chronic kidney disease, HF heart failure, T2D type 2 diabetes

Population Total cost avoidance Number of patients Costs avoided 
per patient 
treated

T2D only $238,560,828 3,055,508 $78.08

HF only $16,112,399,103 2,329,554 $6916.52

CKD only $14,977,266,039 2,275,379 $6582.32

T2D + CKD $24,571,358,400 1,841,973 $13,339.69

HF + CKD $8,708,650,986 650,108 $13,395.70

T2D + HF $13,927,043,098 2,004,500 $6947.89

T2D + HF + CKD $20,720,502,135 975,162 $21,248.27
Treated population, total $99,255,780,590 13,132,185 $7558.21
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trial populations and eligible to receive dapagli-
flozin per US FDA label indications. Neverthe-
less, these populations are not fully represented 
by the trial populations (aged ≥ 65 years) from 
which efficacy data were derived. In addition, 
the relative size of the modeled estimates will 
invariably be sensitive to the epidemiologi-
cal inputs. Further, differential dosing was not 
accounted for as the clinical trials only consid-
ered a dose of 10 mg and therefore no data was 
available to assess the outcomes independently 
of the 10 mg dose. It should also be noted that 
the treatment received in the clinical studies will 
not necessarily reflect the typically lower degree 

of adherence to treatment guidelines observed 
in real-world practice.

The model considered outcomes over a rel-
atively short time horizon, in line with previ-
ous analyses [15–17], and as a result may not 
fully capture the benefit of dapagliflozin in 
terms of mortality outcomes. Furthermore, our 
analysis was unable to fully capture the burden 
of kidney failure within the Medicare popula-
tion, as patients initiating dialysis who are 
under 65 years of age are enrolled on Medicare 
after 30 months of dialysis treatment. Younger 
patients initiating dialysis  have greater life 
expectancy and therefore are expected to spend 
a higher proportion of their lifetime on dialysis. 

Fig. 4   Tornado diagram of the most influential parameters of the total medical care cost offset for events costs, maintenance 
costs, and all costs. eGFR estimated glomerular filtration rate, HF heart failure
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For example, the 5-year survival rate in patients 
aged 45–64 years with kidney failure on dialy-
sis is 49% from onset, versus 35% and 21% for 
those aged 65–74 and 75 years of age, respec-
tively [2].

The model approach assumes health states are 
independent, possibly limiting the extrapolation 
of events that are structurally dependent (e.g., 
progressed CKD increases the risk of death). As 
the time horizon is broadly aligned to the four 
pivotal clinical trials and uses patient-level data 
this may eliminate an element of uncertainty. As 
incidence rate ratios for multiple comorbid dis-
eases were not readily available, a degree of risk 
exists in relation to double counting of effects. 
Furthermore, while composite endpoints were 
considered as suitable proxy outcomes for com-
ponent event rates, it was necessary to assume 
equal distribution across component outcomes. 
In addition, costs for death by causes other than 
cardiovascular or renal causes were sourced from 
an analysis of Medicare beneficiaries [20]. The 
cost of end-of-life care considered death from 
any cause in an inpatient setting, and there-
fore may partially comprise healthcare costs 
associated with cardiovascular or renal death, 
potentially overestimating economic effects. 
No discontinuation was assumed beyond that 
observed in the intention-to-treat trial popula-
tions; therefore, the costs presented here provide 
an upper limit of what could be achieved, as any 
discontinuation of dapagliflozin would lead to a 
smaller reduction in incremental events.

CONCLUSIONS

By considering a holistic, multidisciplinary 
approach aligned to the principles of value-
based care in the Medicare population, our 
analysis suggests that patients with comorbidi-
ties across the CKM syndrome can experience 
considerable treatment benefits and reduced 
incidence of mortality if treated with dapagli-
flozin in addition to established care strategies. 
This broader perspective shows that consider-
able medical care cost offsets may result from 
treatment with dapagliflozin through attenu-
ated disease progression across CKD, T2D, and 

HF populations, particular through reduced fre-
quency of hospitalization in patients with HF 
and onset of kidney failure [1].
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