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Abstract

Aims Heart failure (HF) and type 2 diabetes (T2D), common co‐morbidities, translate into worse patient prognoses and
higher direct costs than for either condition alone. Empagliflozin has been shown to markedly reduce cardiovascular (CV)
deaths and HF hospitalizations (HHF) in HF patients with T2D. This study evaluated the lifetime cost‐effectiveness of
supplementing standard of care (SoC) with empagliflozin, relative to SoC alone, in HF patients with T2D from the UK payer
perspective.
Methods and results An existing discrete‐event simulation model was adapted for the economic evaluation. Risk equations
developed from time‐dependent parametric survival analyses using patient‐level HF subpopulation data from the EMPA‐REG
OUTCOME trial were employed to predict CV and renal events. Non‐CV death, utility weights, and costs were drawn from UK
sources. Quality‐adjusted life years (QALYs) and costs were discounted at 3.5% per annum. Relative to SoC, empagliflozin with
SoC yielded fewer first HHF, recurrent HHF, CV death, and non‐fatal myocardial infarction but more non‐fatal stroke events.
Empagliflozin with SoC vs. SoC alone was associated with increased average life expectancy (10.80 vs. 9.59 LYs) and quality of
life (6.27 vs. 5.62 QALYs), though at higher lifetime cost (£18 197 vs. £16 829) per person, resulting in an incremental
cost‐effectiveness ratio of £2093 per QALY. The probability of empagliflozin being cost‐effective in the HF subpopulation at
a £20 000 per QALY willingness‐to‐pay threshold was 91%.
Conclusions This analysis suggests that adding empagliflozin to SoC in HF patients with T2D constitutes a cost‐effective use
of UK healthcare resources and may provide long‐term health benefits to patients.
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Introduction

Patients with co‐morbid heart failure (HF) and type 2 diabe-
tes (T2D) have a worse prognosis than patients with either
disease alone.1 The frequent hospital admissions and in-
creased medical management required for these patients
contribute to the economic burden associated with concur-
rent HF and T2D.2

Historically, glucose‐lowering medications have demon-
strated neutral or even unfavourable effects on HF
outcomes.3 Clinical trials for sodium–glucose cotransporter
2 (SGLT2) inhibitors to investigate exercise capacity in HF
have shown neutral or inconsistent results4 or are still
ongoing.5,6 However, recent cardiovascular (CV) outcomes
trials have shown that SGLT2 inhibitors reduce the risk of
CV death and HF hospitalization in T2D patients across a
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spectrum of CV risk, as well as in patients with HF but without
T2D.7 The effects of empagliflozin (Jardiance®) in T2D pa-
tients with established CV disease (CVD) were demonstrated
in the EMPA‐REG OUTCOME (EMPAgliflozin Removal of Ex-
cess of Glucose OUTCOME) trial, in which empagliflozin re-
duced CV death by 38% [hazard ratio (HR): 0.62; 95%
confidence interval (CI): 0.49–0.77] and hospitalization for
HF by 35% (HR: 0.65; 95% CI: 0.50–0.85) vs. standard of care
(SoC).8 The subgroup of patients with HF at baseline (10%)
had reductions in these endpoints similar to those in the
overall trial population.9

In order to provide information for the optimal use of
healthcare resources, this analysis was designed to estimate
the cost‐effectiveness of empagliflozin with SoC vs. SoC alone
in HF patients with T2D over a lifetime horizon from the UK
payer perspective. A model that assessed empagliflozin with
SoC compared with SoC alone in patients with T2D and
established CVD in the UK was previously published.10 The
current model incorporates new risk equations based on a
sub‐analysis of patients with HF at baseline in the
EMPA‐REG OUTCOME trial to predict clinical event rates.

Methods

Overview of economic model

A discrete‐event simulation model developed by Kansal and
colleagues was adapted to predict CV and renal events over
a lifetime in HF patients with T2D in the EMPA‐REG OUT-
COME trial. A detailed description of that model was previ-
ously published.10 Briefly, the present economic model
assigned baseline characteristics for individual patients. A se-
ries of parametric models based on analysis of EMPA‐REG
OUTCOME trial HF subpopulation data were used to draw
random times from event‐specific time‐to‐event distribu-
tions. Modelled clinical events were handled as competing
risks. The events comprised first, and subsequent, hospitaliza-
tion for worsening HF, CV death, non‐fatal myocardial infarc-
tion (MI), non‐fatal stroke, hospitalization for unstable
angina, transient ischaemic attack, revascularization,
macroalbuminuria, renal injury, and renal failure. These
events were defined in the same way as those reported by
Kansal et al., except that separate risk equations were fit
for hospitalization for first and subsequent worsening HF
events. Patients were also subject to non‐CV‐related death
using UK age‐adjusted and sex‐adjusted all‐cause mortality
data.11 Adverse events of empagliflozin treatment (e.g. geni-
tal infection) were not modelled, as these events are gener-
ally short lived and typically do not require hospitalization
or incur inpatient costs. Individual patient history was ac-
crued as simulated patients experienced clinical events, and
this history altered subsequent risks of modelled events.

The model tracked cumulative incidence of clinical events, di-
rect medical costs, life years (LYs), and quality‐adjusted life
years (QALYs) over time for each patient. Costs and QALYs
were discounted by 3.5% per annum based on published
pharmacoeconomic guidelines for the UK.12 Mean outcomes
over all the patients in each treatment group were calculated
and compared. A model diagram is shown in Figure 1.

Patient population

The modelled population was the same as participants with
HF at baseline enrolled in the EMPA‐REG OUTCOME trial.
The population consisted of adults with T2D and atheroscle-
rotic CVD who were not restricted by left ventricular ejection
fraction or New York Heart Association class. Trial participants
were largely (70%) male, with an average (standard devia-
tion) age of 64.5 (8.8) years, haemoglobin A1c of 8.07
(0.86) percent, and an estimated glomerular filtration rate
of 68.7 (20.4) mL/min/1.73 m2. The HF subpopulation had a
slightly lower proportion of male patients than the popula-
tion without HF and was slightly older; in addition, estimated
glomerular filtration rate in the HF subset of patients was
lower, although haemoglobin A1c was similar. Detailed trial
inclusion criteria and baseline characteristics of this subpopu-
lation have been documented elsewhere.9

The simulated population was created by randomly sam-
pling complete individual profiles with replacement from
the observed subject‐level data describing characteristics of
participants with chronic HF collected at baseline in the
EMPA‐REG OUTCOME trial (N = 706), which considers the
natural correlations among risk factors and medical histories.
Each sampled patient record was duplicated, and identical
patients were assigned to each treatment in the model:
empagliflozin with SoC and SoC alone. A cohort size of 5000
patients was sufficient to obtain convergence for lifetime
simulations.

Clinical inputs

Risk equations based on parametric proportional hazards re-
gression analyses of patient‐level EMPA‐REG OUTCOME trial
HF subpopulation data (462 patients randomized to
empagliflozin and 244 patients randomized to placebo) were
used to predict the time to the next clinical event for the sim-
ulated individual patients. When the analytic time horizon
exceeded the trial duration, the model extrapolated the risk
functions of CV and renal events. Event risks were
adjusted for baseline characteristics, treatment allocation
(empagliflozin with SoC or SoC), and time‐dependent vari-
ables. Non‐fatal CV events could recur (e.g. a patient could
experience more than one non‐fatal MI); renal events were
non‐recurring. A systematic statistical analysis approach was
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employed to develop individual patient‐level risk equations
for the model, as previously described by Kansal and col-
leagues for analysis in the overall EMPA‐REG OUTCOME trial
population.10

In this study, first and subsequent hospitalization for wors-
ening HF were modelled using separate risk equations. The
time‐to‐event estimates of other clinical events were ad-
justed for history of hospitalization for worsening HF
(whether it occurred), if history of HF hospitalization had a
statistically significant effect or was considered an important
prognostic factor for future risk. A total of 11 risk equations
were developed. A comparison of the statistical fits is pro-
vided in Supporting Information, Table S1. Graphs comparing
the alternative curves over the trial duration and long term
are shown in Supporting Information, Figures S1–S11. The
risk equations included in the model appear in Table S2.

The risk of non‐CV death was derived from UK life tables
provided by the Office for National Statistics.11 Gompertz dis-
tributions were fit to the probabilities separately for men and
women to estimate the time to event. The non‐CV death risk
equation variables are shown in Table S3.

During validation, observed HRs for empagliflozin with SoC
compared with SoC in the EMPA‐REG OUTCOME trial HF sub-
population were calculated. Risk equations for each clinical
event applied in the model over the 3‐year mean trial dura-
tion reproduced the within‐trial outcomes (Table S4).

Health‐related quality of life

Model utility weights were obtained from Sullivan and
Ghushchyan,13 who estimated the health‐related quality of
life (HRQoL) of diabetes‐related chronic conditions based on
an analysis of 20 705 patients with diabetes and valid
EQ‐5D scores who participated in the 2000–2011 Medical Ex-
penditure Panel Survey. The utility weight corresponding to
hospitalization for unstable angina was assumed the same
as that for MI. The effect of revascularization on HRQoL
was taken from an alternative source.14 A summary of utili-
ties is given in Table 1.

Utility weights for clinical events were applied to a baseline
tariff value for the UK. The model combined weights for

multiple events by applying individual decrements additively,
and an adjustment factor dependent on the number of
events was applied to account for overlapping effects. For ex-
ample, the utility score for a patient in the UK with non‐fatal
MI and non‐fatal stroke history would be 0.695, which is
equivalent to 0.785 (baseline utility) � 0.047 (disutility asso-
ciated with non‐fatal MI)� 0.060 (disutility for stroke) + 0.017
(adjustment factor for individuals with two clinical events).

Costs and perspective

This analysis was undertaken from the perspective of the UK
National Health Service and focused on accumulation of di-
rect costs reported in British pound sterling (GBP). All costs
were inflated to 2018 GBP, where necessary (Table 1).15

These included the drug acquisition cost of empagliflozin
(£36.59 per pack of 28 tablets), the value for which was ex-
tracted from MIMS UK drug database,16 as well as healthcare
expenditures associated with the management of acute clini-
cal events, which were derived from UK databases and pub-
lished literature.17–22 Medication costs other than those
involved in empagliflozin were not considered, because
empagliflozin is modelled as an add‐on to SoC. Per‐episode
event costs were applied in the model when a patient expe-
rienced a clinical event. The model excluded maintenance
costs associated with clinical events on the grounds that
these were indirectly accounted for via the increased risk of
future events, as previously employed by Kansal et al.10

Adverse events associated with empagliflozin (e.g. genital
infection) were not included in the model, as these events
generally lead to short episodes of care and low management
costs. The analysis assumed that other management costs
would be similar across both treatment arms, and these costs
were therefore not modelled.

Model analysis

Clinical event rates, LYs, total costs, and total QALYs were
calculated over a lifetime horizon. Incremental outcomes
were reported. Cost‐effectiveness was measured using the

Figure 1 Simulation model process.
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incremental cost‐effectiveness ratio (ICER) for a willingness‐
to‐pay (WTP) threshold of £20 000 per QALY, the lower
threshold accepted by the National Institute for Health and
Care Excellence in the UK.12

Deterministic sensitivity analyses (DSA) were conducted by
varying model inputs individually or in combinations to assess
their influence on the base case. An analysis over 10 years was
run to evaluate the influence of the time horizon on model
outcomes. The effect of discount rates on costs and QALYs
was investigated by symmetrically setting the rates to 0%
and 5% per annum. Upper and lower confidence limits were
used to vary utility weights. For cost inputs, where these data
were not available, an assumed change of ±20% was applied.
The influence of event rates derived from the EMPA‐REG
OUTCOME trial HF subpopulation analysis was assessed by
scaling the rate of each clinical event by a constant HR (0.9–
1.1) that applies over the entire model time horizon.

A probabilistic sensitivity analysis (PSA) was carried out
considering the uncertainty in all model inputs simulta-
neously over 1000 iterations, with incremental effectiveness
and cost estimates displayed on the cost‐effectiveness plane.

Through testing for convergence of the ICER, 1000 iterations
were deemed sufficient to minimize the Monte Carlo error.
Inputs for each iteration of the microsimulation process were
sampled from gamma (costs) or beta (utility weights) distri-
butions (Table 1). The PSA considered correlation among
the risk equation coefficients using Cholesky decomposition
of the covariance matrices.

Results

Base case analysis

The base case analysis found that empagliflozin added to SoC
was associated with a reduction in the rates of all CV and re-
nal events relative to SoC alone, except non‐fatal stroke and
renal failure (Table 2). Although a higher event rate for
non‐fatal stroke indirectly contributed to CV deaths, as im-
plied by the positive covariate in the CV death risk equation
(Table S2), the CV death rate with empagliflozin with SoC

Table 1 Inputs for the cost‐effectiveness model

Input parameter Deterministic value Probabilistic distribution Source

Empagliflozin drug cost (monthly) £39.75 Not applicable MIMS16

Cost per episode (2018 values) Mean (SE) Gamma (All costs)
HF (first or subsequent) £4633 (£463)a α = 100; β = 46 Alva, 201517

CV death £3413 (£341)a α = 100; β = 34 Alva, 201517

Non‐fatal MI £7523 (£752)a α = 100; β = 75 Alva, 201517

Non‐fatal stroke £11 044 (£1104)a α = 100; β = 110 Alva, 201517

Unstable angina
£726 (£73)a α = 100; β = 7 NHS ref costs 2016–17

(EB13A–EB13D)20

Transient ischaemic attack £2773 (£277)a α = 100; β = 28 Wardlaw, 201422

Revascularization
£1691 (£169)a α = 100; β = 17 NHS ref costs 2016–17

(YQ50A–YQ50F)20

Macroalbuminuria £8554 (£855)a α = 100; β = 86 Gordios, 200418

Renal injury £619 (£62)a α = 100; β = 6 Kent, 201519

Renal failure
£38 160 (£3816)a α = 100; β = 382 NICE guideline NG28

Appendix F21

Utility values Mean (95% CI) Beta (All decrements)
Baseline utility 0.785 (0.707, 0.864)b α = 178; β = 49 Clarke, 200231

HF disutility �0.050 (�0.064, �0.036) α = 47; β = 884 Sullivan, 201613

Non‐fatal MI disutility �0.047 (�0.057, �0.036) α = 73; β = 1486 Sullivan, 201613

Non‐fatal stroke disutility �0.060 (�0.074, �0.046) α = 66; β = 1038 Sullivan, 201613

Unstable angina disutility
�0.047 (�0.057, �0.036) α = 73; β = 1486 Sullivan, 201613;

assumed same as MI
Transient ischaemic attack disutility �0.070 (�0.131, �0.008) α = 5; β = 61 Sullivan, 201613

Revascularization disutility �0.030 (�0.036, �0.024)c α = 93; β = 3011 Lindgren, 200714

Macroalbuminuria disutility �0.038 (�0.059, �0.016) α = 12; β = 291 Sullivan, 201613

Renal injury disutility �0.038 (�0.059, �0.016) α = 12; β = 291 Sullivan, 201613

Renal failure disutility �0.038 (�0.059, �0.016) α = 12; β = 291 Sullivan, 201613

Utility effect of multiple events (additive to utility) Mean
2 diabetes‐related complications 0.017 Not applicable Sullivan, 201613

3 diabetes‐related complications 0.042 Not applicable Sullivan, 201613

4 diabetes‐related complications 0.070 Not applicable Sullivan, 201613

≥5 diabetes‐related complications 0.087 Not applicable Sullivan, 201613

CI, confidence interval; CV, cardiovascular; HF, heart failure; MI, myocardial infarction; NHS, National Health Service; NICE, National Insti-
tute for Health and Care Excellence; SE, standard error.
All event costs are inflated according to Personal Social Services Research Unit Hospital and Community Health Services index for the UK.
aThe SE is calculated as 10% of the mean value.
bThe 95% CI is calculated as ±10% of the mean value.
cThe 95% CI is calculated as ±20% of the mean value.
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remained lower than with SoC (6.07 vs. 7.37 events per 100
patient‐years).

Empagliflozin with SoC compared with SoC showed greater
life expectancy, translating to more QALYs per person, while
also generating increased expenditures over a lifetime
horizon. Lower total clinical event costs accrued in the
empagliflozin with SoC vs. the SoC arm, with a difference of
£2642 per patient that partially offset the acquisition cost as-
sociated with empagliflozin. Thus, despite the increase in drug
expenditures attributable to the supplementation of SoC by
empagliflozin, the improvement in average HRQoL produced
an ICER of £2093 per QALY. This lies well below the £20 000
per QALY WTP threshold,12 indicating that empagliflozin with
SoC is highly cost‐effective relative to SoC alone.

Sensitivity analyses

Overall, the DSA results were consistent with the base case
(Figure 2). In the analyses with a 10‐year time horizon and
higher event management costs, empagliflozin with SoC was
found to be a dominant strategy (more effective and less
costly) when compared with SoC. Variations in the discount
rate to costs, the price of empagliflozin, and the discount rate
to QALYs were most influential on the ICER. All scenarios
produced ICERs well below the WTP threshold of £20 000
per QALY.

The PSA produced relatively broad 95% CIs around mean
event rates in both treatment arms (Figure 3), given that
the modelled time‐to‐event estimates were based upon only

Table 2 Base case cost‐effectiveness analysis over a lifetime horizon

Event rates per 100 patient‐years

Empagliflozin with SoC SoC Hazard ratio

First hospitalization for worsening HF 3.64 4.61 0.79
Subsequent hospitalization for worsening HF 2.78 4.92 0.56
CV death 6.07 7.37 0.82
Non‐fatal MI 2.67 3.31 0.81
Non‐fatal stroke 2.57 1.54 1.67
Hospitalization for unstable angina 2.43 2.81 0.87
Transient ischaemic attack 0.18 0.50 0.36
Revascularization 2.83 3.12 0.91
Macroalbuminuria 6.46 11.02 0.59
Renal injury 1.17 1.70 0.69
Renal failure 0.28 0.14 1.94
Non‐CV death 3.19 3.07 NA

Empagliflozin with SoC SoC Incremental

Undiscounted life expectancy (years) 10.80 9.59 1.21
Discounted QALY 6.27 5.62 0.65
Discounted costs over patients’ lifetime

Drug acquisition cost £4009 £0 £4009
Event management cost £14 188 £16 829 �£2642
Total cost £18 197 £16 829 £1367

ICER, £ per QALY — — £2093
CV, cardiovascular; HF, heart failure; ICER, incremental cost‐effectiveness ratio; MI, myocardial infarction; NA, not applicable; QALY,
quality‐adjusted life year; SoC, standard of care.

Figure 2 Deterministic sensitivity analyses results. QALY, quality‐adjusted life year; WTP, willingness‐to‐pay.
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a subpopulation of the EMPA‐REG OUTCOME trial. The over-
all clinical effect translated to a median ICER of £1955 per
QALY (interquartile range of £168 to £4851 per QALY).
Empagliflozin with SoC provided a QALY benefit over, and
cost less than (i.e. dominated), SoC in 18% of iterations and
overall was cost‐effective at a WTP threshold of £20 000
per QALY in 91% of iterations (Figure 4).

Discussion

This study compared health benefits and cost outcomes of
empagliflozin with SoC vs. SoC alone based on the HF subpop-
ulation in the EMPA‐REG OUTCOME trial. The analysis
showed modestly increased total lifetime expenditures
(£1367) with greater average life expectancy (1.21 years)

and more QALYs (0.65) for HF patients with T2D using
empagliflozin with SoC. The ICER was £2093 per QALY in the
base case analysis, falling well below the £20 000 per QALY
WTP threshold employed in the UK. Accounting for parame-
ter uncertainty did not impact these conclusions. Notably,
because the relative benefit of empagliflozin was realized
relatively quickly, it was found in the DSA to dominate SoC
in treating HF patients with T2D when considering a relatively
short time horizon (i.e. 10 years vs. lifetime) and increased
event management costs (20% higher).

The model framework draws upon a previous
cost‐effectiveness model in the UK setting based on the
EMPA‐REG OUTCOME trial overall population.10 Localizations
of the cost‐effectiveness model to other healthcare settings
(USA, Canada, Greece, and Italy)23–26 and a sub‐analysis in
Asian patients (Japanese setting)27 and HF patients (US
setting)28 of the EMPA‐REG OUTCOME trial have been

Figure 3 Probabilistic sensitivity analyses event rates. CV, cardiovascular; HF, heart failure; MI, myocardial infarction; SoC, standard of care.

Figure 4 Probabilistic sensitivity analyses scatterplot. QALYs, quality‐adjusted life years.
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reported. This analysis focused on the trial HF subpopulation
considering the healthcare system in the UK, and the
cost‐effectiveness results were broadly consistent with other
studies, despite differences in the population and financial
structures of health care across markets.

Several clinical trials have shown benefit of SGLT2 inhibi-
tors in the prevention of HF.7,8,29,30 The populations of these
trials were heterogeneous, and further research is needed to
better understand the specific effect of individual agents
within the class. Data from two major ongoing clinical trials
evaluating empagliflozin vs. placebo in addition to SoC in pa-
tients with HF (with or without T2D) with reduced ejection
fraction (EMPEROR‐Reduced) or preserved ejection fraction
(EMPEROR‐Preserved) will generate future evidence beyond
the scope of the EMPA‐REG OUTCOME trial. Evidence from
these trials will provide further insights on effectiveness
outcomes with empagliflozin in HF patients and the potential
to generate resource and cost savings to healthcare
systems globally. Future research may consider the
cost‐effectiveness of empagliflozin to other SGLT2 inhibitors
or sacubitril/valsartan in the same population and setting.

The main limitations of this economic evaluation primarily
stem from the trial subpopulation data. The EMPA‐REG OUT-
COME trial was powered to detect treatment effects in the
overall enrolled population with T2D and established CVD.
Thus, the HF subpopulation (N = 706) is subject to broader
CIs around mean event rates than the overall trial results,
and most events showed non‐significant differences, includ-
ing those with large point estimates. Nonetheless, a vast ma-
jority (91%) of PSA iterations generating ICERs that fell below
the £20 000 UK WTP threshold suggests a very strong likeli-
hood that empagliflozin with SoC is cost‐effective (i.e. that
the true ICER falls beneath the threshold). Also, the charac-
terization of the HF subpopulation may be subject to misclas-
sification. Investigator‐reported HF at baseline was based on
the narrow Standardized MedDRA Query ‘cardiac failure’
rather than measures of cardiac function or biomarkers such
as N‐terminal pro‐B‐type natriuretic peptide. As such, there is
a risk that some patients without a diagnosis of HF at baseline
might have had HF or some degree of left ventricular
dysfunction that was not fully evident. Data from the
EMPEROR‐Reduced and EMPEROR‐Preserved trials are
expected to provide further insights on the benefit of
empagliflozin in patients with HF with and without T2D at
baseline.

Another limitation is that the model does not account for
the costs or HRQoL impacts resulting from adverse events
commonly associated with SGLT2 inhibitors (e.g. genital infec-
tions). These events are typically mild and self‐treated and
thus should not meaningfully affect modelled overall direct
healthcare costs or QALYs. Furthermore, the model was not
equipped to capture intensification of treatment beyond
the trial duration, which, as noted, necessitated adoption of
conservative treatment assumptions that may result in

underestimating the cost‐effectiveness of empagliflozin with
SoC, as compared with SoC alone. As noted elsewhere,
results from the EMPA‐REG OUTCOME trial indicate that
intensification of treatment‐lowering therapy was more com-
mon in the placebo arm relative to the empagliflozin arms.10

This analysis suggests that empagliflozin is cost‐effective
for patients with HF and T2D in the UK context and probably
also in similar healthcare economies. This should inform deci-
sions on funding and changes to current clinical practice.
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