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ORIGINAL RESEARCH
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Groningen, The Netherlands; cHealth-Ecore B.V, Zeist, The Netherlands; dAmsterdam University Medical Centre, University of Amsterdam,
Amsterdam, The Netherlands; eTunnis General Practitioners, Sint Anthonis, The Netherlands; fDepartment of Management Sciences, Open
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ABSTRACT
Objectives: Type-2 Diabetes mellitus (T2DM) increases both the patient risk of cardiovascular disease
(CVD) and renal outcomes, such as chronic kidney disease (CKD). Recent clinical trials of the glucose-
lowering drug-class of sodium-glucose co-transporter-2 inhibitors (SGLT2is) have shown benefits in
preventing CVD events and progression of CKD, leading to an update of the Dutch T2DM treatment
guideline for patients at risk. The aim of this study is to assess the health and economic impact of the
guideline-recommended utilization of SGLT2is in the Netherlands.
Methods: The patient population at risk was determined by multiplying Dutch T2DM prevalence rates
with the total numbers of inhabitants of the Netherlands in 2020. Subsequently, two analyses, compar-
ing a treatment setting before and after implementation of the new guideline for SGLT2is, were con-
ducted. Clinical and adverse event rates in both settings as well as direct healthcare costs were
sourced from the literature. Total costs were calculated by multiplying disease prevalence, event rates
and costs associated to outcomes. One-time disutilities per event were included to estimate the health
impact. The potential health and economic impact of implementing the updated guideline was
calculated.
Results: Using a 5-year time horizon, the guideline-suggested utilization of SGLT2is resulted in a
health impact equal to 4835 quality adjusted life years gained (0.0031 per patient per year) and e461
million cost-savings. The costs of treatment with SGLT2is were e813 million. Hence the net budget
impact was e352 million for the total Dutch T2DM population, which translated to e0,57 per patient
per day.
Conclusion: SGLT2is offer an option to reduce the number of CVD and CKD related events and associ-
ated healthcare costs and health losses in the Netherlands. Further research is needed to include the
benefits of improved T2DM management options from a broader societal perspective.

HIGHLIGHTS

� The glucose-lowering drug-class of sodium-glucose co-transporter-2 inhibitors (SGLT2is) has shown
benefits in preventing cardiovascular events and progression of kidney disease in patients with
type-2 diabetes leading to a revision of the respective Dutch treatment guideline.

� The 5-year budget impact of the adoption of SGLT2is in the new treatment guideline was equal to
e352 million or e0.57 per patient per day, with a total of 4385 quality adjusted life years gained.

� The introduction of SGLT2is for Dutch type-2 diabetes patients has the potential to substantially
reduce the number of cardiovascular as well as renal disease events and related healthcare costs
while also delivering a health benefit.
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Introduction

In the Netherlands, the overall prevalence of type-2 diabetes
mellitus (T2DM) is pronounced, with roughly 1.03 million peo-
ple living with this condition in 2019 and with an average
age of 61 years1. T2DM increases the risk for cardiovascular

disease (CVD) by a factor of 2–4 and reduces life expectancy
on average by 4 years, with absolute risks being the highest
in patients with established chronic kidney disease (CKD)2,3.
T2DM also increases the risk for cardiorenal outcomes, in par-
ticular heart failure and end stage renal disease2.
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Cardiovascular risk management is therefore mainstay in
all patients with T2DM. At first, conservative treatment
options such as smoking cessation and adoption of a healthy
lifestyle are recommended for all people with T2DM, but
additional risk factor treatment should be considered, espe-
cially in patients above the age of 40 years4. This approach
of risk factor management led to an almost 50% decrease in
the prevalence of myocardial infarction, stroke, and retinop-
athy. Nevertheless, recent studies demonstrate that for end-
stage kidney disease, acute myocardial infarction and stroke,
the long-term improvements stalled and plateaued after
20105. More recent cardiovascular outcome studies confirm
the high residual cardiorenal risk despite adequate cardiovas-
cular risk management6,7.

Notably, 25–30% of patients with T2DM have a known
(cardio-)vascular condition whereas 28% of patients in the
first treatment line live with some form of chronic kidney dis-
ease8–11. Recent clinical trials of the glucose-lowering drug-
class of sodium-glucose co-transporter-2 inhibitors (SGLT2is)
have shown benefits in preventing CVD events and progres-
sion of CKD, when used as a complementary treatment on
top of glycaemic control and risk factor management in
T2DM patients12–14. In the Netherlands, four SGLT2is are cur-
rently available: canagliflozin (Invokana), empagliflozin
(Jardiance), dapagliflozin (Forxiga), and ertugliflozin
(Steglatro), of which the first three are reimbursed and
became the preferred choice of therapy in T2DM patients
with a very high risk for cardiovascular events15. However,
for patients without an increased risk, SGLT2is remain as
second-line treatment. Dapagliflozin and empagliflozin are
the most often used SGLT2is16. Following the outcomes from
clinical trials, the Dutch College of General Practitioners
(NHG) and the Dutch Society of Internal Medicine (NIV)
updated their T2DM related treatment guideline to incorpor-
ate SGLT2is as monotherapy or as an add-on to metformin
in patients at risk for CVD due to previous disease history or
CKD15.

The aim of this study is to assess the health and budget
impact of the utilization of SGLT2is based on this new T2DM
treatment guideline compared to the previous situation in
the Netherlands.

Methods

The budget impact of SGLT2is from a Dutch healthcare sys-
tem perspective is calculated combining T2DM disease
prevalence with the probability of subsequent clinical events
and their costs. In this section we further elaborate on how
the size of the target patient population and event rates
were estimated, the event-specific costs were incorporated in
the model to calculate the final health and budget impact.

Population & model

The model population of Dutch T2DM patients was deter-
mined by multiplying Dutch T2DM disease prevalence rates
with the total numbers of inhabitants of the Netherlands,
using the population data from 202017–19. Subsequently, the

target-group-specific prevalence rates of both ASCVD and
CKD in T2DM patients were multiplied with the initial popu-
lation of T2DM patients to estimate the total number of
patients with ASCVD and CKD in the Netherlands8. See
Figure 1 for a flow diagram for the estimation of the popula-
tions used in this model. Both groups are at risk of develop-
ing clinical events.

The number of estimated patients at risk was then used
to calculate the absolute number of clinical events in two
analyses. The first analysis, labelled “previous setting”, calcu-
lated the number of events in the treatment setting prior to
the new diabetes mellitus treatment guideline. The second
analysis, labelled new setting, considers the broad comple-
mentary use of SGLT2is on top of the previous guidelines
recommend medication, which is in line with the new dia-
betes mellitus treatment guideline. Differences in number of
clinical events and adverse events were calculated based on
the estimated numbers of clinical and adverse events for
each the previous and new clinical guideline setting. The
events are defined and described in more detail below.

For both analyses, annual clinical and adverse events per
year were calculated for different time-horizons of 1, 3, 5
and 10 subsequent years. Both analyses adjusted the preva-
lent population at the beginning of each year for the
respective mortality in the previous year. Lastly, the model
was extended with the possibility to test the degree to
which SGLT2is are prescribed within the specified target
population. These shares are set in quartile steps (25, 50, 75,
100%). The chosen value is determining on what proportions
of patients in the new setting were experiencing the SGLT2i
treatment effect.

Event rates & treatment effect

The clinical events accounted for in this analysis were major
adverse cardiovascular events (MACE), heart failure (HF)
related hospitalization, cardiovascular mortality, myocardial
infarction (MI), stroke and first events of kidney-related out-
comes, which included macroalbuminuria, renal injury, and
renal failure.

For the previous setting, annual event rates for all
included events were sourced as weighted averages from
the EMPA-REG, CANVAS and DECLARE clinical trials as
reported in a published meta-analysis, as well as the
CREDENCE clinical trial6,7,12,20,21. For the new guideline the
annual event rates from the previous setting without the

Figure 1. Flow diagram for the estimation of the study populations.
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explicit recommendation for additional pharmacological
treatment analysis were adjusted for the efficacy of SGLT2is
using a hazard ratio (HR), sourced from the same meta-ana-
lysis and the CREDENCE clinical trial6,12.

The analysis included the occurrence of specific adverse
events, similarly populated by the aforementioned meta-ana-
lysis; i.e. amputations, fractures and diabetic ketoacidosis12.
For the analysis reflecting the setting prior to the new guide-
line, annual adverse event rates were sourced and weighted
in the same manner as the clinical event rates as described
earlier. Subsequently, for the new guideline setting, the
annual adverse event rates were adjusted for the utilization
of SGLT2is with a HR, sourced from a published meta-ana-
lysis12. However, it should be noted that the model did not
account for an increased risk for subsequent events after the
initial events.

Costs & utilities

The annual number of events avoided was multiplied with
the cost per event to estimate the budget impact. Direct
costs of clinical events as well as adverse events were
obtained by means of a literature search specific to the
Netherlands and inflated to 2020 price level in Euros22–30.
The value for the particular event of first event kidney
related outcomes was calculated as weighted average of the
development of macroalbuminuria, renal injury, and renal
failure, in which costs due to renal injury were assumed to
be equal to value of the development of macroalbuminuria.
Weights for that calculation were sourced from the distribu-
tion of renal outcomes in the EMPA-REG trial7. All clinical
events in this study, except for cardiovascular mortality and
adverse events which were treated as one-time costs, created
constant follow-up costs in the years after the event, and
were obtained from a long-term cost-effectiveness study
conducted for T2DM patients31. The amount of treatment
costs of the SGLT2 medication was based on the market
shares and acquisition costs, which amounted to e513.94 per
year per patient32.

The ISPOR Budget Impact Analysis guidelines were fol-
lowed, as they provide guidance about the acquisition and
use of data for budget-impact analysis and on how to report
results33. Following the guideline, we adopted a healthcare
payers perspective, as the model is made for the budget
holder, and a 5-year time horizon was chosen to more accur-
ately outline cost savings associated with SGLT2is. This also

involves the way that health outcomes and their related
costs in the total target population are reflected in each
year, after SGLT2is are introduced into clinical practice. In
line with the guidelines, disutilities for all clinical and adverse
events were also included for the year in which a particular
event occurred33. The disutilities associated with all clinical
and adverse events were sourced from a study estimating
diabetes-related comorbidities from US and UK EQ-5D ques-
tionnaire data on chronic conditions34. The disutility value of
first event kidney related outcomes was obtained in the
exact same manner as the related cost value as described
above. For the particular case of diabetes ketoacidosis, the
disutility value was sourced from a study analyzing the
impact of diabetes-related complication in type 1 diabetes-
mellitus patients35. The sum of all disutilities over the simu-
lated time frame were compared for both guidelines and
included as a complementary health impact analysis. Table 1
presents the input values for the different outcomes defined.

To allow for a better comparison between the previous
and updated guideline, the budget impact is expressed in
cost per patient year. Hence, the patient years simulated in
the model were calculated by subtracting the number of
subjects with a disease -event in an annual cycle from the
starting population in the same annual cycle. In case of mor-
tality, it was assumed that this occurred on average half-way
an annual model cycle. Subsequently, the obtained amount
of patient years per model year were accumulated over the
chosen time-horizon.

Finally, to test the robustness of the model, we performed
a one-way sensitivity analysis (OSA) by varying all input
parameters between a lower and upper bound value. A com-
plete overview of the parameters can be found in
Supplementary Table A1. In addition, scenario analyses were
run for different time horizons as well as varying market util-
ization of SGLT2is.

Results

The total number of patients at risk at the start of the ana-
lysis was 334,612, split into 260,601 subjects with ASCVD and
74,011 with CKD. Consistently in all analyses, the total
amount of occurring clinical events were lower if the new
diabetes mellitus treatment guideline was considered as
compared with the previous setting in which that guideline
was absent. This resulted in a health gain of 4835 quality
adjusted life years based on applying a five-year time

Table 1. Costs and disutilities per event type.
Health outcomes Costs – e, 2020 Costs in subsequent years – e, 2020 Event-related disutilities

Events
HF-related hospitalization 11,166 1,017 0.050
CV mortality 3,775� – 0.719
MI 5,543 1,094 0.047
Stroke 5,882 2,098 0.060
First event of kidney-related outcomes 25,648 21,577 0.038

Adverse events
Amputations 17,328 – 0.095
Fractures 3,176 – 0.068
Diabetic ketoacidosis 1,657� – 0.012

References in brackets, �costs were published in pounds and adjusted to euros using a conversion rate of 1.11. Abbreviations. HF, heart failure;
CV, cardiovascular; MI, myocardial infarction.
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horizon. After five years the largest differences were reported
for first event of kidney-related outcomes, MACE, total mor-
tality and HF related hospitalization with 65, 46, 46 and 52
averted events per 10,000 patient years, respectively.
Occurrence of adverse events increased slightly in the new
guidelines analysis when compared to the previous guideline
setting. Incremental adverse events per 10,000 patient years
in the new setting amounted to 11 amputations, 10 fractures
and 4 cases of diabetic ketoacidosis after 5 years.

The total amount of averted events per patient year as
well as incremental occurred adverse events for all respective
time horizons are reported in Table 2. Table 2 presents the
total number of clinical events averted as the difference
between the previous and new guideline when 100% imple-
mented. These are all first events. A positive number indi-
cates that the new guidelines analysis results in fewer clinical
events compared with the previous guideline. Consequently,
a negative number indicates more events in the new setting.
For adverse events a positive number indicates additional
events relative to the previous setting.

The total amount of costs after 5 years in the previous set-
ting would be e1.84 billion, whereas the implementation of

the new treatment guideline would result in e1.38 billion for
the total population considered. Hence, the introduction of
SGLT2is according to the new guideline saved roughly e461
million in total costs, combining averted events and add-
itional adverse events. The costs of treatment with SGLT2is
for the population considered were e813 million. This results
in a net budget impact of e352 million for the total Dutch
T2DM population, which translates into e209 per patient
year and a daily amount of e0.57 per patient.

The results from the OSA are presented in the tornado
diagram in Figure 2. The net budget impact is most greatly
affected by the SGLT2i costs. Following this, HRs for kidney-
related outcomes and costs for renal failure have the great-
est impact on the budget impact.

The budget impact as total costs, per patient-day for all
time horizons applied are reported in Table 3. This table
presents the budget impact as the difference between add-
itional medication costs obtained through the utilization of
SGLT2is and net savings of clinical events averted.

The main analysis assumes 100% implementation of the
newly introduced T2DM guideline. Table 4 provides budget-
impact results based on different real-world SGLT2i utilization
scenarios for a 5-year time-horizon.

Discussion

The application of SGLT2is based on the new T2DM treat-
ment guideline and the created combination of clinical
events averted as well as additional treatment costs as a con-
sequence of SGLT2i use and costs for adverse events,
resulted in a net budget impact of SGLT2is of e352 million
after 5 years which translates to e0.57 per patient-day.

The health and budget study outcomes highlight the
beneficial impact of a complementary treatment option for
T2DM patients following the new clinical guideline versus its
previous guideline. The preventive effect of SGLT2is in terms
of clinical events averted, gains in significance in the light of
a large patient group dealing with T2DM as well as an age-
ing population with longer life-expectancies and thus more
frequent and longer periods of to be treated T2DM per
patient. SGLT2is offer an immediate form of preventing detri-
mental and expensive health conditions which often require
constant follow-up care. ASCVD and CKD hereby are the
most prime examples and both conditions are significantly
averted by the utilization of SGLT2is. When comparing the
costs per patient per day of e0.57 to other medications used
frequently in the same patient group, one can conclude that
these are relatively small as – for instance – in 2020 insulin
or dabigatran were reimbursed at e0.99 and e2.19 per
defined daily dose, respectively16.

This study applied comparative data, i.e. hazard ratios,
from a recently published meta-analysis on SGLT2is12.
However, two alternative studies have conducted similar
meta-analyses13,14, but did not report HRs for SGLT2is versus
standard of care that are needed for this health and budget
impact model analysis. The particular network meta-analysis
by Palmer et al. was used to update the Dutch DM guide-
line13. The other meta-analysis included two additional trials,

Table 2. The potential total number of clinical events averted following the
introduction of the new DM guideline.
Clinical event 1 year 3 years 5 years 10 years

MACE
Previous situation 10,706 31,335 50,961 95,957
New situation 9,234 27,139 44,320 84,288
Net difference 1,472 4,195 6,641 11,668

HF-related hospitalization
Previous situation 5,346 15,594 25,277 47,219
New situation 3,621 10,616 17,292 32,688
Net difference 1,725 4,978 7,985 14,531

CV mortality
Previous situation 5,962 17,399 28,217 52,768
New situation 4,743 13,907 22,658 42,847
Net difference 1,219 3,492 5,559 9,921

Non-fatal MI
Previous situation 6,266 18,313 29,742 55,821
New situation 5,289 15,528 25,330 48,047
Net difference 977 2,785 4,412 7,774

Non-fatal stroke
Previous situation 3,742 10,926 17,728 33,200
New situation 3,507 10,291 16,777 31,782
Net difference 235 635 951 1,417

First event of kidney-related outcomes
Previous situation 5,569 16,214 26,237 48,807
New situation 3,428 10,028 16,302 30,663
Net difference 2,141 6,186 9,935 18,144

Mortality
Previous situation 8,955 26,135 42,389 79,300
New situation 7,450 21,844 35,591 67,318
Net difference 1,505 4,291 6,798 11,982

Amputations
Previous situation 1,367 3,991 6,477 12,135
New situation 1,721 5,049 8,231 15,587
Net difference �354 �1,058 �1,753 �3,452

Fractures
Previous situation 4,251 12,414 20,147 37,744
New situation 4,588 13,461 21,943 41,555
Net difference �338 �1,047 �1,797 �3,811

Diabetic ketoacidosis
Previous situation 119 347 563 1,055
New situation 261 766 1,249 2,366
Net difference �142 �420 �686 �1,311

Abbreviations. DM, diabetes mellitus; MACE, major adverse cardiovascular
events; HF, heart failure; CV, cardiovascular; MI, myocardial infarction.
Negative values indicate additional clinical events gained in the new situation.
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but findings were consistent with both other meta-analy-
ses12,14. In the current study, the meta-analysis of Zelniker
et al. was finally used as it primarily focused on patients with
a history of CVD and quantified the comparative effective-
ness for relevant outcome measures, which was considered
to be in line with the prospective Dutch patient population
to be treated with SGLT2is following the new T2DM treat-
ment guideline4,12,15.

With respect to preventing expensive clinical events, one
should keep in mind that this analysis did not account for
the increased risk of subsequent events after the initial
event. Previous research has elaborated on the increased risk
of follow-up (cardiovascular-) events for type-1 diabetes mel-
litus after acute coronary syndrome, T2DM patients with
prior CVD diagnosis, patients after acute kidney injury and
kidney-transplant recipients36–39. Considering these findings,
the estimates in this study can be regarded as conservative,
as prevention of subsequent events would potentially drive
the budget-impact of SGLT2is closer to budget neutrality or

even net cost-savings. A further characteristic to be noted is
the non-existent extra costs next to the medication costs, as
SGLT2is are easy to administer and hence can be seen as a
minor intervention in terms of further healthcare resources
used.

Next to SGLT2is, glucagon-like peptide-1 receptor agonists
(GLP-1) are also listed in the new treatment guideline for
T2DM patients with ASCVD in the Netherlands. Although
comparable in terms of efficacy, the annual costs of GLP-1
treatment options are higher at e1,380.28 versus e513.94 for
SGLT2is32. Consequently, it can be stated that due to the
ability of SGLT2is to be utilized in both CKD and ASCVD
patients as well as the more favourable price, SGLT2is should
be preferred.

One of the limitations of this study is the lack of Dutch
patient level data on the prevalence of ASCVD and CKD
within the T2DM patient population, especially those with
both ASCVD and CKD. Since this overlap of patients would
be present in both arms of the analysis, no overestimation of
our findings was expected. Despite the relatively simple
intervention and analytical method, we were able to accur-
ately quantify a conservative estimate of the health and
budget impact of the introduction of the new treatment
guideline for T2DM patients. Finally, an inherent limitation of
budget impact analyses is the healthcare payer perspective.
This means that we did not include the societal impact (e.g.
losses in labour productivity, travel time or other indirect
costs) of T2DM and differences in disease events following
SGLT2i treatment.

Table 3. Budget impact results for different time horizons.
Budget impact 1 year 3 years 5 years 10 years

Previous setting e319,147,022 e1,045,537,499 e1,381,346,797 e3,926,161,126
New setting e411,096,738 e1,285,886,440 e2,194,627,552 e4,519,588,299
Net budget impact e91,949,716 e240,348,941 e351,855,124 e593,427,173
Patient-day costs e0.75 e0.66 e0.57 e0.46

Table 4. Budget impact results based on assuming different SGLT2i market
share scenarios.
Assumed share of
SGLT2i utilization (%)

Budget impact
after 5 years

Per patient-day costs

25 e79,267,454 e1.18
50 e170,634,767 e0.98
75 e261,497,931 e0.78
100 e351,855,124 e0.57

Abbreviation. SGLT2i, sodium-glucose co-transporter-2 inhibitor.

Figure 2. Tornado diagram with the results of the one-way sensitivity analysis.
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Further research is needed to include the long-term
impact of recurring events after a first event and inclusion of
indirect benefits of improved T2DM management options
from a broader health benefits, budget, and societal perspec-
tive, preferably in an incident cohort including all T2DM
patients using real-world data.

Conclusion

The introduction of SGLT2is as second-line treatment for
Dutch T2DM patients following the new treatment guideline
has the potential to substantially reduce the number of car-
diovascular and renal disease events, resulting in a net
budget impact of e209 per patient year or conversely e0.57
per patient-day when analyzing a 5-year time horizon.
SGLT2is offer a beneficial option to reducing the number of
clinical events and associated healthcare costs in the
Netherlands.
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